
 

 

  



 

  



Section BIOTECHNOLOGIES 

 



 

4 

 

mailto:contact@geolinks.info
https://www.geolinks.info/


 

5 

  



 

6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

9 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

  



 

11 

 



 

 



Section ECOLOGY AND ENVIRONMENTAL STUDIES 

13 

COMPARATIVE PLANKTON DYNAMICS IN ARABIAN 

GULF AND SEA OF OMAN AT OPPOSITE SIDES OF THE 

STRAIT OF HORMUZ 

Prof. Waleed Hamza 1 

Ms. Muzna Al Junaibi 2 

Prof. Sergey Piontkovski 3 

Dr. Khaled Al Hashmi 4 

1, 2 Biology Department, College of Science, United Arab Emirates University 
3, 4 Sultan Qaboos University, Sultanate of Oman 

ABSTRACT 

Phytoplankton and zooplankton monthly samples collected from the coastal 

water stations, located in Ras Al Khaima Emirate (United Arab Emirates) and Sohar 

governorate (Sultanate of Oman), during 2018-2019, have shown great variations, 

not only in their community structures, but also in their species abundances. 

Plankton samples were collected via vertical hauls from 6 m depth to the surface at 

Ras Al Khaima, while in Sohar, samples were collected from 20 m depth to the 

surface. The sample analyses revealed the dominance of diatoms during the warmer 

months at both sample sites, with an increase of dinoflagellates during the colder 

months, especially at Sohar. The abundances of certain species at each site, could 

not be explained by the grazing of zooplankton (dominated by calanoid copepods) 

on species-specific populations of phytoplankton, nor by seasonal temperature 

variations. The hydrological regime at the Strait of Hormuz, separating the two 

sample sites, as well as the differences in morphometric features and other 

environmental parameters, could account for the ecological differentiation in 

planktonic successions at both locations.   

Keywords: Arabian Gulf, Sea of Oman, Planktonic succession, Hydrological 

regime 

INTRODUCTION 

Algae bloom episodes recorded simultaneously in the Arabian Gulf (AG) and 

the Sea of Oman (SO) during the last decade have led researchers to believe that 

these two water bodies, which are connected by the Strait of Hormuz, have similar 

environmental and ecological features. Detailed studies of planktonic community 

structures and parallel surveys and analyses of phytoplankton and zooplankton 

species-specific compositions on either side of the Strait of Hormuz are lacking 

from literatures. Previous records of algae blooms in the AG and SO in 2008-2009 

studied the blooming species and its intensity characteristics [1], [2] in the Arabian 

Gulf region, and its expansion to the coastal areas at the Sea of Oman. The 

icthyotoxic dinoflagellate species Cochlodinium polykrikoides was the cause of the 

bloom and fish-kill phenomenon in the AG and SO, especially at Ras Al Khaima 

(AG) and Fujirah (SO) emirates (both within the United Arab Emirates, UAE). 

Previous algae blooms in the Sea of Oman by the dinoflagellate species Noctiluca 
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miliaris were recorded by [3], [4], in the SO and at Kuwait Bay (AG). Recent 

repeated Noctiluca scintillans blooms in the SO have been scantily recorded, and 

equivalent blooms in the AG have in some cases not been recorded at all [5], [6], 

and [7].  

Water exchange between the AG and the SO through the Strait of Hormuz has 

long been known. It is characterized by a deeper saline layer (39-40 ppt) outflowing 

from the AG to the SO, and surface inflow of less saline (36-37 ppt) water from the 

SO to the AG [8]. The inflow and outflow of water through the Strait of Hormuz is 

unstable and does not follow the general circulation patterns of either the AG or the 

SO [9], [8], and [10]. The fluctuation in the water trajectories between the two 

basins is mainly controlled by wind direction and its duration may extend 2-8 days. 

Moreover, the speed of the inflow surface current to the AG along the Iranian side 

is 10 cm s-1, while the outflow deeper current to the SO is slower and reaches 3 m 

s-1 [11]. This important feature, together with the coastal morphometry of the two 

basins, impacts on the ecology, not only on the pelagic ecosystems, but also on sub-

pelagic and benthic systems. The average water depth in the AG is around 36 meters 

and the maximum depth is about 100 meters at the Strait of Hormuz down to the 

sandy bottom sediments. The average water depth in the SO is around 250 meters, 

with maximum depth reaching 3000 meters down to the fine sandy and silty bottom 

sediments [12].   

General characteristics of phytoplankton and zooplankton communities in the 

AG and SO are described in literature separately and for different periods, and are 

summarized by [7]. During 2009-2011, diatoms contributed 70% to the total 

phytoplankton abundance followed by dinoflagellates at 21% in the AG, while 

small flagellates and diatoms contributed 10 and 25%, respectively, in the SO. For 

another period [13] in the SO, the contribution of small flagellates and 

dinoflagellates ranged between 25-40%. Zooplankton densities were found to be 10 

times higher in the SO compared to the AG, however, the AG zooplankton 

community was more diverse (210 species) compared to the 144 species identified 

in the SO [14]. Copepods are the dominant species in both AG and SO zooplankton 

communities, with seasonal peaks in winter and early summer seasons in the AG, 

and multiple peaks in the SO, where there are monthly fluctuations in copepod 

species abundances. 

The present study was carried out to investigate the phytoplankton and 

zooplankton dynamics at opposite locations in the AG and SO, with the aim of 

identifying the relationships between planktonic community structures at these 

locations, and taking account of the environmental and hydrological features 

representing these marine basins. 

MATERIALS AND METHODS 

Studied stations, sampling and analytical procedures 

The present study was carried out in locations in the Arabian Gulf (AG) and 

the Sea of Oman (SO), separated by the Strait of Hormuz, during the period April 

2018 through to May 2019. The selected station in the AG was in the coastal waters 

of the Emirate of Ras Al Khaima (UAE), with geographic coordinates 
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25°47'22.31"N, 55°56'35.52"E. While, the selected station in the SO was in the 

coastal waters of Sohar Governorate, at location 24°21'51.48"N, 56°44'48.52"E 

(Figure 1). 

 

Figure 1. Map of the sampled stations at the AG and SO (  ) indicating the 

bathymetric features of the two basins (Modified from [17]). 

During the study period, environmental parameters (water temperatures, water 

salinities, dissolved oxygen and water pH) were measured in-situ within the water 

column from which phytoplankton and zooplankton samples were collected. 

Phytoplankton and zooplankton samples from Ras Al Khaima station (AG) were 

collected at monthly intervals by vertical haul with a 20-µm nylon net from 6 m 

depth to the surface. A similar procedure was followed for zooplankton sampling 

but with an 80-µm nylon net. At the Sohar station (SO), due to water depth 

differences and euphotic zone expansion, plankton samples were collected using 

similar net meshes from 20 m depth to the surface. 

Phytoplankton and zooplankton samples from both stations were analyzed for 

their densities, abundances, and their species composition to the lowest taxonomic 

ranks. The analyses were guided by local, regional and international taxonomic 

references. Taxonomic ranking of phytoplankton was confirmed by collaboration 

with M.G. Kholodny Institute of Botany, Ukraine, and for zooplankton with 

assistance of the Institute of Biology of the Southern Seas, Russia. All counts and 

numbers are referred to a volume unit of one cubic meter. 

Remotely sensed data 

Monthly satellite images of chlorophyll concentrations (mg m-3) at the surface 

water of the studied area, and wind and current vectors (speed and direction) were 

collected as shared information from the GIS Center at Sultan Qaboos University 

(Sultanate of Oman). The obtained images represented monthly values during the 
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studied period (2018-2019) and were compared with long-term data analyses from 

2002 until 2019. 

RESULTS 

Monthly variations in average water quality parameters showed marked 

variations between Ras Al Khaima (RAK) and Sohar stations during the study 

period. For instance, in RAK, water temperature averages ranged between 34.80°C 

in July 2018 and 21.77 °C in March 2019. Moreover, water salinity ranged between 

41.88 ppt in July 2018 and 36.7 in August 2018. Dissolved oxygen averages ranged 

between 4.93 mg.l-1 in October 2018 and 6.69 mg.l-1 in March 2019 mg.l-1, and pH 

averages ranged between 8.3 in September 2018 and 7.4 in April – May 2019 (Table 

1). On the other hand, at Sohar station water temperature averages ranged between 

29.09°C in October 2018 and 23.40°C in February 2019. Water salinity averages 

never exceed 36.82 ppt during the entire study period.  Dissolved oxygen 

concentrations averages ranged between 5.12 mg.l-1 in November 2018 and 10.84 

mg.l-1 in May 2019, while water pH averages ranged between 8.00 in August 2018 

and 8.60 in both March and April 2019 (Table 1). 

  Table 1. Monthly averages of in-situ measured water quality parameters at both 

RAK (AG) and Sohar (SO) stations during the study period (2018-2019) 

  

The analyses of phytoplankton species composition at RAK and Sohar stations 

has revealed a higher diversity of RAK compared to Sohar, in that species diversity 

exceeded 60 species in RAK station during November 2018, compared with 44 

species at Sohar station during the same month (Figures 2). Although a few monthly 

samplings were missed during the study periods at both sites, the diversity of 

phytoplankton species for almost every month was higher at the RAK station than 

the Sohar station.  
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Figure 2. Monthly phytoplankton species numbers and their diversities at RAK 

(left) and Sohar (right) stations during the study period (2018-2019). 

The monthly abundances of phytoplankton groups were dominated by 

bacillariophyta (Bac.) species, which represented >90% of the phytoplankton 

community structure at RAK, followed by dinoflagellates (Dino) that only 

contributed 11-17 % of the community during the months of September and 

October, 2018. Other groups such as cyanobacteria and chlorophyta never reached 

more than 5 % except in June 2018, when they contributed about 60% of the 

phytoplankton community density at RAK (Figure 3).  At the Sohar station, 

cyanobacteria and chlorophyta species dominated the phytoplankton community 

structure, with values exceed 80 % during the months of August, 2018, as well as 

March and April, 2019. In contrast, bacillariophyta species were dominant in both 

June, 2018, and February, 2019, while dinoflagellate species contributed only 

marginally during November, 2018 (Figure 3).    

 

Figure 3. Monthly phytoplankton group abundances at RAK (left) and Sohar 

(right) stations during the study period 2018-2019. 

Zooplankton species diversity almost always showed higher diversity at Sohar 

(SO) compared to RAK (AG) stations. The number of species identified at Sohar 

was almost 3 times higher (around 100 species in November, 2018) than those 

identified at RAK (around 32 species in January, 2019). Similar results were found 

for the density levels, where the density of zooplankton per m-3 at Sohar was >10 

times greater than those counted per m-3 at RAK (figure 4 and 5). 
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Figure 4. Monthly zooplankton species numbers and their diversities at RAK (left) 

and Sohar (right) stations during the study period (2018-2019). 

In both stations, zooplankton identified groups belonged to the calanoids, 

cyclopoids and harpactocoids. Calanoid species always dominated the Sohar 

samples, while in RAK both calanoids and cyclopoids represented almost 80 % of 

the monthly community structure (figure 4). 

The relationship between phytoplankton biomass and zooplankton densities per 

cubic meter at both stations was plotted by month (figure 5). Apart from the 

differences in their biomasses and their densities, there was no match in seasonal 

succession trends between the planktonic communities in the two sampling 

locations. At the RAK station, the zooplankton community peaked in June, 2018, 

followed by a sharp decline in September, 2018. After this, moderate densities 

followed by another decline in March, 2019, and recovery in May, 2019, preceded 

another peak in early summer. In March, 2019, the phytoplankton community 

showed a marked peak in its biomass that followed a less marked one in December, 

2018 (figure 5).  

 

Figure 5. Monthly succession of phytoplankton biomass (mg.m-3) and zooplankton 

density (ind.m-3*103) at RAK (left) and Sohar (right) stations during the study 

period (2018-2019). 

The zooplankton community at the Sohar station showed very high density 

during July, 2018, that exceeded 4.5 million individuals per cubic meter. This high 

density declined in the following months to reach its minimum in October, 2018, 

with only six thousands (6,000) individuals per cubic meter. From November, 2018, 

until April, 2019, there was a relatively limited increase in the densities during 

December, 2018, and April, 2019, to reach only 600 thousand and 300 thousand 

individuals, respectively. Surprisingly, the phytoplankton reached its high peak 
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biomass (2500 mg.m-3) during July, 2018, when zooplankton biomass also peaked 

(figure 5). The other phytoplankton increased in biomass, but with much less 

pronounced peak observed in January, 2019, to a value of around 800 mg.m-3.   

The dominant species of phytoplankton and zooplankton showed no 

complementary trends between the two basins, except for the individual case of the 

bacillariophyta species Guinardia flaccida that was dominant in the Sohar 

phytoplankton community during June, and dominated the RAK phytoplankton 

community during the period from January to May, 2019. The Calanoid species 

Temora turbinata that dominated the RAK zooplankton community only during 

April, 2018, dominated the Sohar zooplankton community during August, 2018, 

February, 2019 and April, 2019 (table 2). 

Table 2. Monthly dominant species of both phytoplankton and zooplankton 

communities identified in RAK (AG) and Sohar (SO) stations during the study 

period (2018-2019). 

 

The integration of wind components over the studies region during the period 

May, 2003, to February, 2018 (NOAA/NCDC blend daily 0.25º- 10 m altitude), 

especially during the months where similar planktonic organisms dominated their 

communities structure, showed direction changes that may have affected surface 

water movement directions and velocities. During other months, wind components 

were analyzed separately for each basin. According to figure 6, wind direction was 

from the AG towards the SO, through the Strait of Hormuz, during April, while in 
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August, the opposite direction prevailed. However, in January, a northwestern wind 

may have prevent the movement of waters between the two basins. 

 

Figure 6. Integrated wind directions over the studied region during the period 

2003-2018 for the months of January (left), April (middle) and August (right). 

Data Courtesy of NOAA-NCEL (modified from [10]). 

The calculated wind stress data on the sea surface during 2019, at different 

months, corresponded to the long-term integrated wind directions (Figure 7), 

showing fluctuations in surface water interconnection between the two basins. 

 

Figure 7. Calculated monthly sea surface anomalies over the studied region 

during January (left), April (middle) and August (right) 2019. 

Although satellite images of Chlorophyll a concentrations obtained during 

2019 did not assay every month, the obtained results for the months of January and 

April, 2019, correlate with the calculated wind data and sea surface anomalies 

during the same months. Very low and dispersed chlorophyll a concentrations along 

the Iranian coast were detected during January, 2019, while in April, 2019, high 

concentrations of chlorophyll a in the coastal area of the Sea of Oman were 

observed.   

DISCUSSION 

Both the Arabian Gulf and the Sea of Oman are known for their high 

phytoplankton production, and their ample nutrient salts concentrations. That has 

been regularly confirmed by historical data and in recent studies [11], [15], [16], 

[17], [7], and [10]. However, the differences observed in the present study in the 

phytoplankton community structures of these water bodies, could be mainly due to 

the differences in their environmental parameters, namely, high water salinity and 

high dissolved silicate contributed by dust storms over the AG have favored the 

domination of the bacillariophyta group over the other phytoplankton [17]. On the 

other hand, the Oceanic water salinity characterizing the SO may have allowed the 

growth of other phytoplankton groups. Although dust was also deposited over the 

SO, the superior area and depth of the SO basin may have decrease the availability 
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of dissolved silicates to bacillariophyta species, allowing other phytoplankton 

groups to compete with them.  

The summarized comparison between dominant phytoplankton groups in the 

AG and the SO by [7], is confirmed in the present study, though with slight 

differences in percentages between the two community structures of the studied 

stations. Moreover, the high densities of zooplankton communities observed in this 

study in the Sohar station have exceeded by a factor of 15 the densities at the RAK 

station, which surpassed by a factor of 10 the results reported by [14], when the 

zooplankton densities at both basins are compared. Although slight differences in 

temperatures and the possible adaptation of plankton to such variations may be 

factors, the distinct dynamics of planktonic seasonal successions between the 

studied stations are best explained by atmospheric and hydrologic regime 

differences between the studied areas. It has been reported that the SO surface water 

is dominated by oceanic water that flows along the Iranian coast and mixes with 

cool advected water during the winter northeast monsoon, while during the summer 

southwest monsoon, an upwelling persists along the south coast of Oman [10]. [10], 

also noted that conditions off the northern coast of Oman are mainly controlled by 

the advected water, the strong heating during summer, the impact of an intense eddy 

field, the outflow of the Arabian Gulf, and variable wind directions.  Furthermore, 

[7] mentioned that, the AG water outflow spreads in the form of a subsurface 

salinity maximum (occupying a depth range between 200 and 350 meters). They 

also found that seasonal variations of atmospheric temperatures create atmospheric 

pressure anomalies, which could be one of the factors mediating the water mass 

transport between the AG and SO. These findings, representing a general pattern, 

may confirm the contribution of wind stresses over the sea surface and water current 

flow directions between the two basins. In our study, the plankton samples were 

collected from 6 meters depth from RAK station and from 20 meters depth at Sohar 

station. These represent the upper mixed layers in the two basins, when compared 

to their average depths. At such layer passive transportation of planktonic 

organisms by water currents and the presence of atmospheric anomalies during 

different months (figures 6 and 7), may result in dispersal of planktonic 

communities and may also disrupt and/or dilute their structures. By linking the 

water exchange features and the differences in the bathymetry and the hydrology of 

the two basins [9], and [7], irregularities in seasonal trends of planktonic 

successions are expected. Furthermore, absence of harmonization in seasonal 

productivity peaks, as well as species dominance similarities, may result from 

surface water movement anomalies that lead to random but regular and harmonized 

periods where algae blooms occur simultaneously in the two basins.  

In the present study, the dominance of the bacillariophyta species Guinardia 

flaccida at Sohar station in June, 2018, and its dominance in the RAK 

phytoplankton community from January, 2019, until May, 2019 (table 2), could be 

a result of the different hydrological processes associated with the entry of SO 

surface water into the AG through the Strait of Hormuz. This surface water flow 

follows the anticyclonic gyre front in Qatari waters [9] and [8]. The return flow of 

waters through the RAK station may carry the same species. On the other hand, the 

dominance of the calanoid copepod Temora turbinate of the RAK zooplankton 
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community during April, 2018, and its dominance in Sohar during August, 2018, as 

well as in February and April, 2019 could also be an indication of possible sharing 

of dominant species between the two basins, though at different seasons or different 

years. This could be the result of water exchange between the two basins and 

sporadic dispersal of certain planktonic species, due to their high densities and their 

passive transportation during water circulation.  

By observing the relationship between phytoplankton and zooplankton 

communities in the present study at RAK station, it is evident that there is an 

ecological succession that characterizes its planktonic community dynamics. The 

high peaks of the zooplankton density period are always accompanied by low 

phytoplankton biomass and vice versa (figure 5). In contrast, at the Sohar station, 

equivalent correlation between phytoplankton and zooplankton communities is 

quite absent. Indeed, the zooplankton density peak observed in July, 2018, was 

accompanied by a peak in phytoplankton biomass (Figure 5). These features, lead 

us to conclude that the RAK (AG) zooplankton community is able to control the 

phytoplankton biomass, while at Sohar (SO), both zooplankton and phytoplankton 

communities are governed by other factors. In their study, [18], [7] and [10] 

mentioned that the SO is characterized by high fish landings, with major 

contribution of the filter feeder sardine and juvenile fish that may play substantial 

role in controlling planktonic communities. By this means, the planktonic 

interactions at Sohar station would be governed mainly by predation-prey 

interactions, while at RAK, grazing interactions are the key feature of its ecological 

succession. This conclusion provides an improved model to explain the effects of 

hydrological interactions between the AG and SO stations that are separated by the 

Strait of Hormuz. It also expands our understanding of simultaneous algae bloom 

phenomena in the two basins. 

CONCLUSION  

This study was carried out during 2018-2019 in the form of detailed monthly 

investigations of planktonic communities and relevant environmental parameters at 

two stations: the Arabian Gulf (RAK) and the Sea of Oman (Sohar), on opposite 

sides of the Strait of Hormuz. The study shows that both morphometric and 

hydrologic differences between the two basins play major roles in controlling their 

planktonic community structures and their seasonal dynamics. It is concluded that 

the ecological succession in the Arabian Gulf is characterized by grazing of 

zooplankton on phytoplankton, while predation-prey interaction more appropriately 

describes the ecological succession in the Sea of Oman. 
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ABSTRACT 

The problems of creating and managing urban areas according to the approach 

called “intelligent’ are undoubtledy one of the leading challenges in the 

contemporary world. A major part of published research from this range is focused 

on particular tasks of ‘environmental origin’, like sustainability, green economy, 

reverse economy or the “classic’ problem of protecting urban areas against various 

sorts of pollutions (air, water, soil, acoustic noise). But in the analysis of the 

literature sources authors of this paper have noticed that the problems of 

management is not enough often considered, especially in the context of collecting 

and processing ‘environmental’ data, obtainability of such data and - last but not 

least - using the information based on such data in procedures of managing the urban 

areas. In the introductory part of the papers the above mentioned problems are 

briefly presented as a background for further consideration. Next, the needs of 

environmental information in managing urban areas are identified as well as 

obtainability of such information. Authors have based the contents of this part of 

the paper on their own experiences from their project ‘Smart City: A Holistic 

Approach’ as well as on results of surveys carried out on a representative sample of 

Polish cities. Applying the developed by them model of stakeholder groups in Smart 

City, the authors presents in the third part of the paper some detailed proposals 

concerning both the requirements and manner of using the environmental 

information by various participants of Smart City projects. A special attention is 

paid on the meaning of environmental information in educational efforts. In the 

summary part of the paper, some perspectives for further research are briefly 

presented.  

Keywords: environmental data and information, intelligent urban areas, smart 

city stakeholders, requirements and obtainability of data and information, 

educational projects  

INTRODUCTION 

It is initially assumed in this paper, that the problems of managing urban areas 

are understood and then considered only for the cases of existing cities that are in 

the process of being transformed into the ‘intelligent’ ones. Therefore, the authors 

have intended in their research to identify and describe differences between the 

processes of making decisions by city authorities in the ‘classic’ and ‘suspected-to-

be-intelligent’ urban areas. 

Such an assumption needs some additional comments. Firstly, it has to be stated 

that there is nothing like a fixed point of time axis which shows us a clearly seen 
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border between stages of ‘not being intelligent’ and ‘still being intelligent’ by the 

urban areas. The transformation is certainly a continuous process and - for the needs 

of research as presented in this paper - the only thing to be done is to mark some 

stages of this process and then to compare selected features which describe the 

changes occurring in the investigated processes. Secondly, it is worth to note that 

the process of transforming a city into the ‘smart’ one is extremely complex and 

multidimensional. Because of that, the authors of this paper decided to limit their 

considerations to selected, ‘narrow’ part in the set of decisions which are taken by 

city managers. In particular, it was decided to consider problems connected with - 

broadly understood - natural environment of the city area. 

And – last but not least – authors decided that their special attention will be 

paid on data and information which create a base for the managing decisions 

concerning the city areas. To clarify the potential misunderstandings: in this paper 

authors use the terms ‘data’ and “information’ separately. The term ‘data’ means 

raw (not processed) values of quantitative measurement or qualitative observing 

some phenomena. The term 'information' is reserved for data processed in 

accordance with the intended purpose of its use. 

In the next part of this article, surveys conducted in local government units in 

Poland and oriented at managing individual units in the processes of transforming 

them into 'intelligent' units are very briefly presented. Using results of these surveys, 

completed by additional investigations carried on in selected City Halls, needs for 

data and environmental information in the current state and in the perspective of 

implementing further ‘intelligent’ elements in the structure of a city were 

recognized and briefly presented in this article. Next, selected examples of 

collecting and processing some sorts of environmental data for urban areas are 

presented and discussed. 

RESEARCH OF PROCESSES OF TRANSFORMING POLISH 

CITIES INTO ‘INTELLIGENT’ ONES  

Research focused on obtaining cross-sectional knowledge on the processes of 

transformation of Polish cities (urbanized areas) into areas with the value of 'smart 

areas' was initiated and conducted at the turn of 2019 and 2020 by the research team 

of the Faculty of Organization and Management of the Silesian University of 

Technology. A multi-faceted set of questions was prepared, constituting an 

extensive survey. The questions covered various issues, in accordance with the 

multidisciplinary approach to the issues of 'Smart City' in accordance with the 

general assumption of the research project 'SMART CITY: A Holistic Approach' 

which has been conducted at the Faculty for several years. 

In a commonly accepted meaning, the ‘Smart City’ [11] is seen as an urban 

area of high level of quality of living. Even if the term ‘quality of living’ seems to 

be a bit enigmatic, one can try to name some ways of increasing this kind of 

‘quality’. 
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As the methodological basis of the surveys, it was assumed that the survey 

would be a public, one-off and unattended survey. All survey questions were closed 

questions. 

In the survey, 280 local government units (cities) in Poland responded. Below, 

only the answers to the questions related to the subject of this study were used, i.e. 

the questions related to the acquisition and use of environmental data in 

management processes. 

The first, significant conclusion resulting from the analysis of these answers is 

the statement that for representatives of municipal authorities, achieving, in a 

certain time perspective, the statute of a smart city is not associated with a 

significant change in the demand for data of this type. 

NEEDS FOR ENVIRONMENTAL DATA AND INFORMATION 

IN URBAN MANAGEMENT 

It is again a necessity to state in this point, that the effective and complete urban 

management needs a huge amount of data, describing a wide variety of phenomena 

which are contained in the range of duties of City authorities. The set of such duties 

is in principle defined in national law, but as - a general rule – urban space 

management is oriented towards ensuring broadly understood safety and well-being 

of the city's inhabitants. Referring to a general model of management it should be 

further noted that the need for proper data/information will exist on all the levels of 

this model, i.e. in planning, organizing, motivating and controlling works [1], [7]. 

In general, we may assume that the important features of the needed set of data, 

like complexity, accuracy as well quality and quantity are strongly related to the 

expected manner of utilizing these data in managing procedures. For instance, in 

the case of planning activities, it is usually sufficient having data of a rather general 

nature, supplemented with elements of modelling or simulation. In turn, due to the 

necessity of making decisions resulting e.g. in administrative provisions, having 

accurate data, derived from measurements performed in accordance with the 

procedures set out in the standards using certified measuring equipment, may 

determine the effectiveness of such decisions (e.g. inability to repeal them). 

Let us limit ourselves again to the narrow understanding of the above task area 

and consider the need for data and information describing environmental impacts 

on the inhabitants of urban space. Between the environmental factors that 

potentially have negative impact in the above mentioned sense we can list: 

• air pollution, especially those related to smog phenomena, 

• noise and vibrations, 

• threat of pollution of drinking water resources, including sewage 

management [9], [10], 

• hazards associated with solid waste, e.g. ‘wild’ dumps of such waste. 

Apart of the mentioned above, ‘classic’ environmental threats, in contemporary 

world the urban managers has to consider, for instance the possible impacts of 

climate changes on urbanized areas (e.g. so called ‘city heat islands’). In the areas 
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like Upper Silesian in Poland, that were by many years centres of heavy (and dirty) 

industries, the problem of soil pollution can play also a significant role in managing 

the city environment. 

In each one of the above listed cases, the urban managers need – as a base for 

reasonable decision – at least the data/information about: source or sources of a 

given threat, range of impact of this threat and possibilities of reducing or 

eliminating the impact of the threat on the city's inhabitants. If only 'raw' data are 

obtainable, they have to transformed into useful information that next can be used 

as a background for decision-making. Therefore, in described procedures we try to 

identify possible methods and tools of collecting and processing data about the 

considered threats. 

Evidently, the city managers are usually obliged by low to dispose a fixed sets 

of data and/or – have legally defined access to specific data resources (e.g. map / 

cartographic data). Relevant preparatory activities, including map digitization, are 

(or have already been) carried out for such data by authorities of many cities. This 

is a first step for wider range of tasks, combining all the necessary works leading to 

obtaining the modern tool of urban management: GIS-based map of the city, 

possibly with well-established layer structure [2], [3]. Such a structure can be 

focused on needs, still not mentioned in this paper. For example, the autonomous 

layer of the map can be dedicated to information about the soil structure in areas 

designated for investment. In such a case, this information is usually requested by 

potential investors. 

Finally, city residents may also need environmental information. At this point, 

it is worth mentioning at least information about air pollution (such as the values of 

PM2.5 and PM10 suspended dust indicators). 

But, even if a relevant map-based tool has been already built-up, the problem 

of 'powering' this map, especially by current environmental information, is usually 

difficult to solve by the City Hall own efforts. It seems that the optimal solution to 

this problem is cooperation with external entities specializing in the collection (and 

pre-processing) of the necessary data. The author’s view on possible solutions 

dedicated to collecting environmental data for the needs of urban management is 

briefly presented in the next part of this paper. 

SOURCES OF ENVIRONMENTAL DATA AND 

INFORMATION FOR THE NEEDS OF URBAN AREAS 

MANAGEMENT 

If city managers do not dispose in the area of environmental data their own 

measurement services or installations, effective and meeting all needs, then - when 

it becomes necessary to have such data - the standard solution is to look for an 

external contractor for the necessary measurements. The mentioned above situation 

is rather rule than exception: the personnel of a City Hall has usually no 

qualifications and competencies in carrying on sophisticated measurement 

procedures. 

It should be noted here that: 
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• since the city authorities operate in the area of public finances, the 

commissioning of these tasks is usually preceded by a tender 

procedure; 

• depending on the envisaged use of the data obtained, the contractor is 

often required to have certified measuring equipment. 

Fig. 1  shows - using the diagram called ‘process map’ - an exemplary 

description of the tender procedure for the purposes of obtaining data necessary to 

create a strategic acoustic map of the city. 

As stated above, in some of management tasks the existing set of data can be 

effectively completed by results of simulating and modelling. Figure 2 illustrates an 

example of completing geographic data by visualization of information about 

buildings and construction infrastructure to create a model of city structure. 

 

Fig. 1. Example of tender procedure for the case of collecting necessary 

measurement data in process of creating strategic acoustic map of a city [2] 
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Fig. 2. Example of combined data for using in a process of creating strategic 

acoustic map of a city [3] 

Such combined visualization can be effectively used to create strategic acoustic 

maps (see Figure 3), however, the estimated noise levels, as read from this map, 

cannot be used to make administrative decisions related to exceeding the 

permissible levels of noise. 

 

Fig. 3. Example of strategic acoustic map of a city [3] 

Examples introduced above illustrate the set of sources of environmental data, 

that can be described a ‘classic’ ones. This concept is, of course, relative: we can 

also refer to wider use uses of GIS for city management [4], [5]. But in the era of 

IT revolution, supported by powers of Internet increased by new ideas like Internet 

of Things (IoT) [8], the number of possible sources of environmental data 

significantly grows up. The above thesis can be illustrated by selected elements of 

“Smart City paradigm’, briefly introduced in the next part of this paper. 

ENVIRONMENTAL DATA AND INFORMATION IN 

MANAGING SMART CITY AREA 

In contemporary times, with the dominating role of data and information in the 

society, just the type of available set/sets of data as well as size and accuracy of 

these data might be treated as the important measures of the quality of life. In this 

approach, we could try to classify the urban areas as being less or more 'smart' due 

to quantity and quality of data utilized in management of these areas. 

The data sets, collected and processed in the management, are potentially – in 

‘smart’ urban areas – of bigger quantity and higher quality (accuracy). There is an 
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evident impact of using innovative technologies of designing and manufacturing 

new generations of sensors,  methods and tools of collecting data with very high 

speed and accuracy, as well as task-oriented methods of processing the data. 

Additionally it is worth to mention, that the creators of intelligent urban areas 

usually try to implement in these areas some innovative (‘non-conventional’) 

technologies of collecting and transferring various sorts of data. For instance, the 

idea of using UAV’s (Unmanned Aerial Vehicles i.e. ‘drones’) is often taken into 

consideration, as well for the purpose of investigating various phenomena or 

correcting various sets of data (for instance cadastral, as described in [14] or for 

inspection of linear installations as in [12]). 

The similar purpose has appeared in the case as described in [10]: the city 

operator of water supply system installed, in the occasion of current water-pipes 

maintenance, fiber optic cables along the waterworks, assuming the possibility for 

using them for various tasks connected with urban management. 

Finally, the demand for data and information expressed by citizens of the 

intelligent urban areas ought to be taken into consideration as one of the most 

important element of projecting and creating ‘smart city oriented’ ICT systems. If 

the contemporary smart city projects leads to level described as SMART CITY 3.0 

[13], the impact of citizens on management decisions has to be treated as really 

significant and the procedures of the participation of citizens [6] in urban 

management cannot be only declarative. Therefore, the supporting citizens by 

necessary amount of data and information (of proper quality)should be of the 

highest priority in this type of projects.  

It seems reasonable to assume that the inhabitants of modern cities are 

primarily interested in accessing data on their broadly understood security. Thus, 

data describing environmental parameters that indicate threats to health and even 

life are in the highest positions on the list of demands. 

CONCLUSION 

The considerations presented in the previous chapter of this article have, in 

some sense, character of a ‘wishful-thinking’. They refer rather to ideas, partially 

tested in some cases or being a kind of ‘demonstrators-of-technologies’ than to 

solutions that have been fully tested in a large scale and can be treated as being 

‘ready-to-use’.  

The considerations presented in the previous chapter of this article have in a 

sense the character of "pious thinking". They refer to ideas, partly tested in some 

cases or being a kind of "technology demonstrators", rather than to solutions that 

have been fully tested on a large scale and can be treated as "ready to use". The idea 

of "Smart City", according to the authors of this article, should be treated - so far - 

just as the idea is not to end proven in practice. 

However, just for this reason that it is worth considering all the implications of 

implementing the idea of an intelligent urban area in practice, especially in relation 

to the transformation of the existing and functioning 'urban fabric'. 
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However, just for this reason that it is worth considering in advance all the 

implications of implementing the idea of an intelligent urban area in practice, 

especially in relation to the transformation of the existing and functioning "urban 

structure".  

Both the results of the research mentioned in the introduction to this article and 

the analysis of these results confirm, that in creating 'intelligent urban areas'  the 

problem can be both a set of habits and a lack of awareness of stakeholders about 

the potential of new techniques and technologies, especially IT. This statement is 

undoubtedly true in relation to the attitudes and behaviours of city managers. On 

the other hand, the conclusion that comes from this conclusion is a postulate to 

conduct further research, focused primarily on the needs of educating stakeholders 

of such complex projects as projects such as 'smart city'. 
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ABSTRACT 

Environmental protection is one of the key priorities of sustainable 

development. Nowadays, in contemporary economies and organizations it is also 

the basic component of development strategies. Unfortunately, its real 

implementation is associated with significant financial expenses and long-term 

payback period and as a result - in fact - it often becomes only the basic component 

of media and marketing strategies. Therefore, the main aim of this article is to 

analyse the scope and changes of environmental expenses in the municipal budgets 

in Poland as one of the conditions for becoming a smart community or smart city. 

The research includes financial statistics of 2,477 municipal communities in Poland 

from the period of 2003-2018 and the research questions are: 1) What were the 

tendencies in the environmental expenses, their level and their share in the 

municipal budgets for the analysed period, and (2) how could these tendencies be 

identified in the context of creating a smart community or smart city? The used 

methodology is based on budget statistical data from 2003-2018 and includes 

structure and dynamics indices as well as trend functions.  

Keywords: environmental municipal economics, smart city, sustainable 

development, municipal budgets in Poland, environmental expenses 

INTRODUCTION 

Along with the development and dissemination of modern information and 

telecommunications technologies and systems in the planning and development of 

urban infrastructure, the concept of a smart city has appeared [1], [2]. In this 

particular context, ‘urban intelligence’ describes the sensor network as the 

equivalent of the senses and means a network of tele-information connections 

closely integrated and interdependent with other traditional technical systems 

(water, sewage, transport, security and others). It is a specific equivalent of "nerve 

connections" and data collection and processing centres representing a mapping of 

the "central nervous system") [3]. The components of such an intelligent system 

communicate with each other to increase the performance, effectiveness and 

efficiency of urban infrastructure. In principle, it should contribute to improving the 

quality of life of the city's residents [4], [5].  

The above definition of a smart city, however, only exposes its two key 

attributes: use of modern technologies and the well-being of residents. This 

understanding is very limited, idealised, and omits some important, but sometimes 
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problematic, social [6], environmental [7], [8] and economic issues [9], [10]. These 

issues can be summarised in the following specific questions: 

• Do only young, fully healthy and happy residents live in smart cities? 

Meaning how to solve the issues of presence among residents the 

elderly, disabled and less prosperous people? 

• How to cover all effects of urban agglomerations with an "intelligent" 

model? For example, how to deal with air, soil and water pollution or 

how to solve the problem of municipal and industrial waste 

accumulation? 

• How to finance the creation, development and functioning of 

potentially capital-intensive enterprises such as smart cities? Who 

should finance creating urban areas and what economic and social rate 

of return can be expected? 

Therefore, a number of difficult and complicated issues remain to be solved 

related particularly to the sustainable development of smart cities [11], [12]. Given 

the above circumstances, the authors of this article decided to focuses on the 

ecological and economic aspects of the development of smart cities. The main 

purpose of these considerations is the analysis and assessment of environmental 

expenses in urban budgets in Poland in the long-term perspective covering the years 

2003-2018 conducted in the context of the aspirations of Polish municipalities for 

becoming ‘smart cities’. 

METHODOLOGY 

There are currently 2,477 municipalities in Poland, 302 of which are urban 

municipalities, 638 urban-rural municipalities and 1,537 rural municipalities. All of 

these entities have their own budgets from which they finance public and social 

tasks specified in the relevant legal acts. The most important tasks of municipalities 

in Poland include, among others: 

• spatial order [13], property management,  

• municipal roads, streets, bridges, squares and traffic organisation, 

• waterworks, sewerage, municipal wastewater disposal and treatment, 

maintaining cleanliness within the commune, organization and 

maintenance of landfills and disposal of municipal waste (in primary 

health care) [14],  

• local public transport, 

• health care, 

• social assistance, including running the care centres and facilities, 

• municipal housing construction, 

• public education ((in pre-school and primary education), 

• culture, including municipal libraries and other cultural institutions as 

well as the protection and care for monuments, 

• physical culture and tourism, including recreational areas and sports 

facilities, 
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• some of public order and the security of citizens as well as fire and 

flood protection, including equipment and maintenance of the 

municipal flood control warehouse [15]. 

Own tasks of municipalities also include environmental and nature protection 

as well as the organisation of municipality greenery and trees. Usually, due to the 

multitude and complexity of tasks entrusted to municipalities by specific legal acts, 

ecological activities are not a budget priority. However, it should be emphasised 

that in the long-term perspective their undertaking has a positive effect on housing, 

landscape, environmental and aesthetic conditions, which certainly contributes to 

improving the quality of life of residents and their final choice of place of residence. 

That is why it is worth looking at the policy of pro-environmental expenses 

practiced in Polish municipalities in the years 2003-2018, and answering the 

following research questions: 

(1) What were the tendencies in the environmental expenses, their level and 

their share in the municipal budgets for the analysed period, and  

(2) how could these tendencies be identified in the context of creating a smart 

community or smart city? 

In the research oriented to functioning of the communes, they are usually 

divided into two groups:  

1. urban and urban-rural municipalities, i.e. those which have at least one 

city with the status of city in their territory, 

2. and rural municipalities in which only villages operate. 

In this research aspect, an answer to the question about possible differences in 

the share and dynamics of environmental expenses occurring between the indicated 

groups of municipalities is frequently sought. 

Research methods use structure and dynamics indicators as well as trend 

functions to identify observed development trends. Statistical analyses also use the 

average rate of change of the studied parameters, and a correlation coefficient 

describing the strength of relationships between selected groups of expenses.  

Primary data used in this study on the level of expenses in municipalities comes 

from reports of the Ministry of Finance on the finances of local government units 

in Poland and cover the years 2003-2018. In order to ensure their comparability 

over time all expenses were given in fixed prices, adjusted for inflation according 

to statistical data provided by the National Bank of Poland for the analysed period.  

RESULTS 

Pro-environmental expenses are included in budget classifications and statistics 

under two categories: 

• municipal management and environmental protection being a key 

expenses group on environmental care, which includes, among others: 
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sewage management and water protection; waste management; 

cleaning; maintenance of greenery and animal shelters, 

• botanical and zoological gardens as well as natural areas and protected 

objects of nature – a complementary group of environmental expenses 

of a very small scope and importance.  

In the first stage of the analysis, reference was made to expenses on municipal 

management and environmental protection. Their absolute value and share in the 

budget of municipalities is presented in Figures 1 and 2. 

 

Figure 1. Municipality expenses on municipal management and environmental 

protection in Poland in the years 2003-2018 [in PLN billion] 

Source: own compilation on the basis of data from the Ministry of Finance. 
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Figure 2. The share of expenses on municipal management and environmental 

protection in the budgets of Polish municipalities in Poland in the years 2003-

2018 [in %] 

Source: own compilation on the basis of data from the Ministry of Finance. 
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expenses in response to smaller expenses possibilities clearly indicates the low rank 

of this type of expenses in the budgets of the researched municipalities.  

In the years 2017-2018, the value of expenses and their share in the budgets of 

Polish municipalities increased again, particularly intensively in rural 

municipalities. This is a positive tendency conducive to the sustainable 

development of municipalities in Poland.  

Pro-environmental expenses increase with time and with the budgets of Polish 

municipalities, which is why it is worth looking at the growth rate of these expenses 

and their correlation with the level of total expenses, as presented in Tables 1 and 

2 respectively. 

Table 1. The average rate of change of the researched parameters (category 1) in 

Polish municipalities in the years 2003-2018 [in %] 

Specification Average rate 

of change 

average rate of change in total expenses in all municipalities 8.66% 

average rate of change in expenses on municipal management and 

environmental protection in all municipalities 
8.93% 

average rate of change in expenses on municipal management and 

environmental protection in urban and urban-rural municipalities 
7.53% 

average rate of change in expenses on municipal management and 

environmental protection in total in rural municipalities 
10.89% 

Source: own compilation on the basis of data from the Ministry of Finance. 

 Table 2. Pearson correlation coefficients for the researched parameters 

(category 1) in Polish municipalities in the years 2003-2018  

Correlation coefficient between: Average rate of 

change 

total expenses and expenses on municipal management and 

environmental protection of all municipalities 
0,9546** 

total expenses and expenses on municipal management and 

environmental protection of urban and urban-rural municipalities 
0,9575** 

total expenses and expenses on municipal management and 

environmental protection of rural municipalities 
0,9230** 

** - significance level p<0.001 

Source: own compilation on the basis of data from the Ministry of Finance. 

And so, the average annual growth rate of expenses on municipal management 

and environmental protection in all municipalities and in rural municipalities was 

higher than the growth rate of total expenses in all Polish local government units. 

This is a promising sign of the growing awareness of the importance of this type of 

expenses for the development of municipalities. In the case of urban and urban-rural 

municipalities, the average annual expenses growth rate was over 1 percentage point 

lower than the total expenses growth rate, which may signal a certain 

marginalisation of this type of expenses, caused by both the multitude of financial 

needs and a higher level of municipal management development in urban and urban-

rural municipalities (lower investments in this area). Nevertheless, it should be 
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clearly emphasised that alarming information about: low air quality in Polish cities 

and villages, decreasing drinking water resources, problems with segregation and 

processing of municipal waste, as well as the ‘little green’ image of these units 

clearly demonstrate the urgent need to intensify activities and expenses in the scope 

of environmental protection and pro-ecological investments. Therefore, the 

decreasing rank of pro-environmental expenses in urban and urban-rural 

municipalities should be considered a worrying and incorrect trend.  

Positive and very strong correlation between expenses on municipal 

management and environmental protection with total expenses in all researched 

units should be assessed positively. This allows us to presume that along with the 

increase in financial resources owned by local government units, expenses on 

current and strategic ecological activities will also increase.  

As already mentioned, apart from expenses on municipal management and 

environmental protection, expenses for botanical and zoological gardens as well as 

natural areas and protected objects of nature are separately included in the budget 

classification. These expenses are later analysed in this discussion. Charts 3 and 4 

present the level of these expenses and their share in the expenses of municipalities 

in Poland in the years 2003-2018.  

  

Figure 3. Expenses of municipalities on botanical and zoological gardens as well 

as natural areas and protected objects of nature in Poland in the years 2003-2018 

[in PLN million] 

Source: own compilation on the basis of data from the Ministry of Finance. 
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Figure 4. The share of expenses on botanical and zoological gardens and natural 

areas and protected objects of nature in the budgets of Polish municipalities in 

Poland in the years 2003-2018 [in %] 

Source: own compilation on the basis of data from the Ministry of Finance. 

Expenses on botanical and zoological gardens as well as natural areas and 

protected objects of nature are quite a specific expenses group, strongly dependent 
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municipal expenses was and remains very low - it does not exceed 0.03%. It was 

also variable in time, which was primarily associated with a certain periodicity of 

investments in this area. In the period 2004–2007 both the share of expenses 

analysed and their value were definitely higher than in other years of the analysis. 

It resulted from Poland's accession to the EU Natura 2000 programme in 2004 and 

the start of spending funds related to its implementation. The goal of the programme 

was and is to preserve certain types of natural habitats and species that are 

considered valuable and endangered across Europe. As part of the programme, the 

so-called Special Protection Areas for birds (SPAs), and Special Areas of 

Conservation (SACs), which are subject to protective legal regulations are 

established. Currently, the Natura 2000 network in Poland covers almost 20% of 

the country's land area. It consists of: 849 habitat areas and 145 special bird 

protection areas. 

In general, expenses for botanical and zoological gardens as well as natural 

areas and protected objects of nature increased over time, as did expenses for 

municipal management and environmental protection. However, their growth rate 

was higher than the growth rate of total expenses (Table 3) in all researched groups 

of municipalities, which was related to their low initial level and quite intensive 

investment support from EU funds.  
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Due to a similar upward trend, expenses on botanical and zoological gardens 

as well as natural areas and protected objects of nature were positively correlated 

with total expenses in all municipalities, in particular in urban and urban-rural 

municipalities due to the lower frequency and amplitude of fluctuations in these 

expenses in these units. On the other hand, the irregularity and volatility of the 

studied expenses in rural municipalities resulted in the lack of their statistically 

significant correlation with total expenses (Table 4). 

Table 3. The average rate of change of the researched parameters (category 2) in 

Polish municipalities in the years 2003-2018 [in %] 

Specification Average rate 

of change 

average rate of change in total expenses in all municipalities 8.66% 

average rate of change in expenses for botanical and zoological 

gardens as well as natural areas and protected objects of nature in all 

municipalities 

18.35% 

average rate of change in expenses for botanical and zoological 

gardens as well as natural areas and protected objects of nature in 

urban and urban-rural municipalities 

20.07% 

average rate of change in expenses on botanical and zoological 

gardens as well as natural areas and protected objects of nature in rural 

municipalities 

15.93% 

Source: own compilation on the basis of data from the Ministry of Finance. 

Table 4. Pearson correlation coefficients for the studied parameters (category 2) 

in Polish municipalities in the years 2003-2018  

Correlation coefficient between: Average rate 

of change 

between total expenses and expenses for botanical and zoological 

gardens as well as natural areas and protected objects of nature of all 

municipalities 

0.4989* 

between total expenses and expenses for botanical and zoological 

gardens as well as natural areas and protected objects of nature of 

urban and urban-rural municipalities 

0.7704** 

between total expenses and expenses for botanical and zoological 

gardens as well as natural areas and protected objects of nature of 

rural municipalities 

-0.1825 

* - significance level p <0.05; ** - significance level p <0.001  

CONCLUSION 

Pro-environmental expenses are conducive to sustainable and smart 

development of cities and villages because they contribute to improving the quality 

of life of the residents in terms of health and image on an ongoing and long-term 

basis. In the budgets of Polish municipalities, these expenses can be found in two 

items of the budget classification regarding: (1) municipal management and 

environmental protection; and (2) botanical and zoological gardens as well as 

natural areas and protected objects of nature. The analysis of these expenses in the 
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years 2003-2018, taking into account the division into urban and urban-rural, and 

rural municipalities, allowed the formulation of the following specific conclusions: 

• expenses in both groups mentioned above systematically increased 

over time, with the average annual growth rate being higher than the 

growth rate of total expenses (the exception being the slightly lower 

growth rate of expenses on municipal management and environmental 

protection in urban and urban-rural municipalities), 

• the share of expenses on municipal management and environmental 

protection in the budgets of municipalities in Poland ranged from 6% 

to 11% and was definitely higher in urban and urban-rural 

municipalities, 

• the share of expenses on botanical and zoological gardens as well as 

natural areas and protected objects of nature ranged from 0.01% to 

0.05%, and was characterised by a very high variability in time due to 

periodic funding of expenses from European Union funds (e.g. Natura 

2000 programme) . 

The observed trends positively indicate the awareness of spending funds on 

environmental goals and can be treated as conducive to the development of smart 

local government units in the long-term development perspective. However, due to 

the multitude and intensity of ecological problems observed in Poland, including 

the problems of large industrial urban agglomerations, it can be stated that the 

budget changes observed in this respect are not sufficient and the level of financing 

ecological tasks is too low. This is a very difficult problem to solve due to the 

municipalities' significant burden of own and commissioned tasks. This causes 

serious problems with the choice of current and strategic directions, and also 

contributes to excessive indebtedness of local government units that want to cope 

with the challenges of the modern world, even at the cost of a significant 

deterioration in the economic and financial situation. Therefore, in the future it is 

necessary to develop new strategies and methods of financing urban and rural 

development, not only in the commercial area of technical infrastructure but also in 

the less spectacular and attractive ecological and social area, where media interest 

and immediate effects are much harder to obtain. Nevertheless, without these 

activities and investments one cannot speak and write about smart cities and 

villages. 
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ABSTRACT 

In this study, the undertaken pro-ecological activities aimed at improving the 

quality of the natural environment in one of the communes in southern Poland have 

been discussed. The presented evaluation of pro-ecological activities and their 

contribution to the improvement of the quality of natural environment in the 

examined commune from the perspective of the local community, commune 

authorities and the power company allow concluding that all these groups see the 

problem in the protection of the natural environment. The residents of the commune 

have declared their active participation in the improvement of the quality of natural 

environment in the commune, especially the condition of air. The local power 

company, through its information policy and activities related to the energy policy 

of the commune, endeavours to shape pro-ecological attitudes and effectively 

reduces the negative impact of contamination on the condition of natural 

environment in the commune. The commune authorities seem to contribute the least 

to the improvement of natural environment; they definitely need to be more engaged 

and appoint a leader who would effectively implement sustainable development 

strategies and work on the improvement of natural environment. 

Keywords: pro-ecological activities, sustainable development, local 

community, commune authorities 

INTRODUCTION 

The proposed solutions, the purpose of which is to harmonise co-existence not 

only between people, but also between man and the surrounding natural 

environment and  economic environment, more and more often become the subject 

of interest of researchers [1], [2], [3], [4]. When developing various types of plans 

or projects for sustainable development strategies, it is common practice to employ 

specialists in many fields, who analyse the state of natural environment and indicate 

the most beneficial actions aimed at improving its condition [9], [10], [11], [12]. 

The local community as well as industrial enterprises that operate in a given area 

are increasingly involved in ecological activities [5], [6], [7], [8], [13], [14].  

The article presents pro-ecological actions taken to improve the quality of 

natural environment in one of the communes in Poland. The examined commune in 

the south of Poland is affected by mining exploration. There is a large amount of 

pollution, mainly in the air. The most important air pollution in the commune comes 
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from the process of fuel combustion for technological and heating purposes. The 

major pollutant is carbon dioxide. Other harmful compounds released to the 

atmosphere include: sulphur dioxide, nitrogen oxides, carbon oxides and dust. In 

smaller quantities, various types of aromatic hydrocarbons, elemental carbon 

compounds in the form of soot, and heavy metals are also emitted. Problems related 

to the protection of natural environment and measures taken to improve its condition 

have been presented from three points of view: the local community, commune 

authorities and the power company operating in the commune subjected to research. 

RESEARCH ANALYSIS 

In the first stage of the analysis, the natural environment condition was assessed 

based on surveys conducted among the local community. 

The residents of the commune answered the following survey questions related 

to the assessment of the natural environment condition.  

Question 1. In your opinion, which of the following kinds of pollution 

influencing the natural environment condition in the commune affect you the most: 

waste, municipal sewage that is not discharged to sewage treatment plants, acid rain, 

street traffic, emissions from industrial plants, low emissions from individual coal-

fired furnaces and boilers? 

The residents of the commune believe that the largest amount of pollution -  as 

much as 47% - comes from low emissions from individual coal-fired stoves and 

boilers (Table 1). In the second place, 16% of the pollution comes from traffic 

exhaust fumes. Next on the list are: waste - 10%, municipal sewage not discharged 

to sewage treatment plants  - 9%, and emissions from industrial plants - 8% and; in 

the opinion of the inhabitants, the least pollution of 7% is produced by acid rain; 

other kinds of pollution account for 3% (Table 1), [15]. 

Table 1. Factors affecting environmental pollution in the examined commune  

in the opinion of its residents 

Type of pollution 
Amount of pollution 

[%] 

Low emissions from individual coal-fired furnaces and boilers 47% 

Traffic fumes 16% 

Waste 10% 

Municipal sewage that is not discharged to sewage treatment 

plants 
9% 

Emissions from industrial plants 8% 

Acid rain 7% 

Other 3% 

 

Question 2. How do you assess the condition of natural environment in the 

commune (pollution of air, soil)? 

47% of the commune residents assessed the natural environment condition as 

satisfactory; 30% claim that the natural environment in the commune is in poor 
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condition; 15% believe that the natural environment condition is good, and in the 

opinion of 8% of the residents it is very bad (Table 2), [15]. 

Table 2. Evaluation of natural environment by the residents of the commune 

Natural environment condition [%] 

Very good 0% 

Good 15% 

Satisfactory 47% 

Bad 30% 

Very bad 8% 

The most noticeable factor having a negative impact on the natural environment 

condition was the emission of harmful compounds from individual coal-fired 

boilers and stoves (low emission). This state of affairs disturbed half of the 

respondents. Conversations held with the respondents allow concluding that this is 

a very serious problem, which often leads to conflicts between neighbours. It turns 

out that conflicts occur more often between neighbours who do not rely on heat 

from the heating network than between neighbours in a situation when one of them 

uses the network and the other does not. Other factors which according to the 

respondents adversely influence the natural environment condition are related to 

their place of residence. This results from the fact that people living in the vicinity 

of the unauthorized dumping ground are the most affected by this nuisance, whereas 

people living close to the street consider traffic to be the most burdensome factor. 

Nevertheless, when the respondents were asked about the general condition of 

natural environment in the commune, over 40% replied that it was satisfactory, 

while 30% of the respondents were of the opposite opinion – according to them, its 

condition was poor. It can be observed that in the summer the natural environment 

condition is relatively satisfactory, which is mainly due to a break in the heating 

season and the relatively good care of the City Council for the visual image of the 

commune. However, when the heating season begins, one can clearly see and feel 

how polluted the air is. Due to low emissions, the quality of life of the residents 

deteriorates dramatically. The commune inhabitants have declared their will to 

participate in activities aimed at improving the quality of natural environment in the 

commune, in particular, the condition of atmospheric air.  Currently 20% of the 

residents use the district heating network, and they very clearly indicate the factors 

that significantly contribute to the degradation of natural environment in the 

commune. 

In the second stage, the analysis was focused on the engagement of the 

commune authorities in the reduction of pollution emissions and the protection of 

natural environment, as well as their involvement in pro-ecological measures. 

Pursuant to the Act of 27 April 2001 "Environmental Protection Law", regarding 

sustainable development and environmental protection programmes, in 2017 the 

"Environmental protection program" was developed in the commune subjected to 

research.  

Its main goal is to improve the condition of natural environment through its 

effective management, development of mechanisms that will protect natural 

environment from degradation and the impact of mining operations. In order to 
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determine the most important strategic goals regarding the protection of natural 

environment in the commune, a SWOT analysis was carried out. This analysis 

helped to identify weak points in the condition of natural environment. The weakest 

elements include [15]: 

• degradation of natural environment,  

• influence of coal mining on natural environment (75% of the 

commune is affected by mining exploitation), 

• vicinity of big industrial plants, 

• flood risk, 

• low forest cover, 

• industrial waste landfill site, 

• weak system of individual waste segregation.  

The commune authorities, among others, based on the weaknesses identified in 

the SWOT analysis, prepared tasks to be implemented in order to improve the 

quality of natural environment. The major tasks included (Table 4), [15]: 

• creating conditions for the proper disposal and treatment of sewage 

throughout the town,  

• creation of non-carbon heating systems for residential buildings, 

especially ecological heating, 

• reduction of industrial pollution emissions, 

• creating preferences for the development of enterprises with non-

disruptive production processes,  

• enlargement of green areas. 

Table 4. Environment protection tasks implemented in the examined commune  

Goals and tasks developed as part of the environment 

protection program 

status of implementation 

for 2018 

Creating conditions for the proper disposal and treatment of 

sewage throughout the town, 
30% 

Creation of non-carbon heating systems for residential 

buildings, especially ecological heating, 
20% 

Reduction of industrial pollution emissions 17% 

Creating preferences for the development of enterprises with 

non-disruptive production processes, 
13% 

Enlargement of green areas. 20% 

The analysis of the status of implementation of tasks contained in the 

"Environmental protection program" (the analysis involved interviewing the 

commune authorities and persons responsible for individual tasks) allows 

concluding as follows: as the years go by, a growing number of new plans and 

strategies are emerging (e.g. a plan of supplying the commune with energy utilities, 

which is one of sustainable development priorities). In principle, they constantly 

address the same factors threatening the natural environment, which allows 

concluding that the implementation of this plan leaves much to be desired. In the 

opinion of the commune residents, each newly developed plan is only a necessary 
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evil, resulting from statutory provisions, and as such it is put in mothballs just after 

being created. The town authorities recall it only when ad-hoc inspections are 

carried out so as to check the performance of obligations imposed by law and 

recorded in the plans and strategies of the commune. 

The last, third stage of the analysis involved reviewing the measures taken by 

the local power company to protect the natural environment.  

The power company operating in the commune is responsible for providing 

energy services, as well as producing and distributing heat (coal-fired boilers), 

drinking water treatment, designing and construction of sanitary installations, 

central heating systems and steel structures. All of the company's operations are 

optimized in terms of cost, reliability and environmental protection. This last aspect 

will be described in more detail because of the topics discussed in the article. The 

main goals related to the environment condition improvement include: 

• building a boiler room monitoring system, 

• integration of the heating system in the commune 

• obtaining the Clean Production Enterprise Certificate, 

• modernization of the water treatment station into one of the most 

modern stations in the region. 

Apart from the above mentioned objectives, the power company has also set 

long-term goals for a period of 10 years, such as: 

• installing equipment with high dedusting efficiency systems, 

• utilization of heat contained in water pumped out of the mine, 

• promotion of renewable energy sources.  

In the power company’s documents one can read that all the undertaken 

measures are pro-ecological and fit in with the sustainable development of the 

commune. 

CONCLUSION 

Based on the conducted analysis, the following conclusions can be formulated:  

The local community, the power company and the commune authorities clearly 

identify the factors that pose a threat to natural environment and agree on the need 

to pursue policies aimed at improving the quality of natural environment. 

Implementation of plans and strategies for improving the condition of natural 

environment in the commune is insufficient; the local community feels that the 

commune authorities are not taking practical and effective measures.  

Although the sustainable development of the commune is considered in a 

systemic way in combination with social, economic and ecological activities, its 

implementation is far from satisfactory due to the lack of financial resources, which 

is constantly emphasized by the commune authorities.    

The local power company, through its information policy and activities, 

significantly contributes to the shaping of pro-ecological attitudes and tries to limit 
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the negative impact of pollution on the condition of natural environment in the 

commune. This involves monitoring the coal combustion process in the local boiler 

room and using the underground water treatment technology. 

The commune inhabitants have declared their will to participate in activities 

aimed at improving the quality of natural environment in the commune, in 

particular, the condition of atmospheric air. Currently 20% of the residents use the 

district heating network, and they very clearly indicate the factors which 

significantly contribute to the degradation of natural environment in the commune. 
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ABSTRACT 

This study aimed to identification of some rootstocks for cucurbitaceous 

vegetables and their influence on cultures. These vegetables (cucumber, 

watermelon, melon) are very popular crops in Romania. Vegetable crops are very 

sensitive to climatic vagaries, so fluctuation in climatic parameters at any phase of 

growth can affect the yield. Grafting on Cucurbitaceae is a method which has 

improved and spread quickly during the past years, a similar approach to crop 

rotation, a practice meant to increase productivity, resistance or tolerance to soil 

diseases and pests, as well as to abiotic factors and at increasing fruit quality. The 

research was conducted at the Horting Institute, Bucharest, Romania. Several 

aspects are taken into account in the use of rootstocks: environmental adaptability, 

quality fruit, resistance/tolerance for soil diseases and pests, drought, floods, soil 

salinization, heavy metal content, organic pollutants. Some resistant rootstocks 

have been identified worldwide (PS1313, RS841, bottle-gourd, NUN-9075, 

Argentario, PI296341 and others). Several rootstocks are very used in Romania for 

conventional and ecological crops (UG 29A, Shintoza, Emphasis, Cobalt and 

others). Following the studies undertaken on research trials in the greenhouses, 

many rootstock genotypes were selected and tested in the Horting Institute and some 

results are presented in this paper. 

Keywords: cucumber, hipobiont, quality, resistance, watermelon, yield 

INTRODUCTION 

Soilborne pathogens are very destructive in vegetables crops and one of the 

most limiting factors to farmer’s income. Their management worldwide has been 

based on pre- plant soil fumigation with methyl bromide, a compound whose phase-

out procedure was initiated in the Montreal Protocol (1992) due to its hazardous 

effects on the environment. Methyl bromide is probably the only fumigant that is 

effective against nematodes, weeds, pathogens, insects and rodents. Since 1972 the 

consumption of methyl bromide has started in Romania in greenhouses. According 

to Montreal Protocol (1997), methyl bromide, as an ozone-depleting compound, has 

been scheduled to be phased out of production, importation and use as an 

agricultural chemical in developed countries by 2005 and in developing countries 

by 2015. In Romania the use of methyl bromide in soil treatments for plant 

protection (fumigation applications) is banned from 2002 January 1st and the use 
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of methyl bromide in storage applications is banned from 2005 January 1st (Gov 

Ordinance no. 89/1999, approved by Law no. 159/2000, art. 9). Research has 

therefore been focused on finding effective alternatives to this fumigant in order to 

control soilborne pathogens [1].  

The advantages of vegetable grafting have been noticed by many workers. 

Grafts were used to induce resistance against low and high temperatures, enhance 

nutrient uptake, increase synthesis of endogenous hormones, improve water use 

efficiency, reduce uptake of persistent organic pollutants from agricultural soils, 

improve alkalinity tolerance, raise salt tolerance and limit the negative effect of 

heavy metal toxicity. Grafting can also exhibit excel-lent tolerance to serious soil-

borne diseases, such as those caused by Fusarium, Verticillium, Phytophthora, 

Pseudomonas, Didymella bryoniae, Monosporascus cannonballus and nematodes 

even though the degree of tolerance varies considerably with the rootstocks [8]. 

Due to limited availability of arable land, the high demand for off-season 

vegetables and the intensive farming practices with limited crop rotations, 

vegetables are often cultivated under unfavourable conditions (salinity, water stress, 

alkalinity, heavy metals and excessive amounts of trace elements). Plants exposed 

to adverse chemical soil conditions exhibit various physiological and biochemical 

disorders, leading to stunted growth and severe yield loss. Numerous attempts using 

traditional breeding programs have been made to overcome problems due to adverse 

soil chemical conditions, but commercial success has been very limited. At present, 

the major efforts are being directed toward the genetic transformation of plants. As 

a rapid alternative to the relatively slow breeding methodology aimed at increasing 

vegetable crop tolerance to an abiotic stress, grafting high-yield genotypes onto 

selected rootstocks could be a promising tool [3]. 

Cucurbitaceous vegetables (cucumber, watermelon, melon) are very popular 

crops in Romania, but its are very sensitive to climatic vagaries, so fluctuation in 

climatic parameters at any phase of growth can affect the yield.  

The cucurbitaceous grafting is useful in Romania. The rootstock have a big 

resistance to Meloidogyne spp. and Fusarium spp. attack, compared to the ungrafted 

cultivars. Sensivity to diseases and pest has imposes introduction grafting onto 

resistant rootstocks.  

This study regarding identification of some cucurbitaceous rootstocks for 

vegetable crops in Romania is important to highlight some resistances and yield of 

cultivars. The researches in the cucumber, watermelon and melon grafting field 

began at Horting Institute, Bucharest, Romania in 2002 and have continued up to 

now; researches are in evolving in this domain. 

MATERIALS AND METHODS 

The experience was carried out in the Protected Culture Laboratory from 

Research and Development Institute for Processing and Marketing of the 

Horticultural Products – Horting, Bucharest, Romania.  
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The biological material used was different cucurbitaceous hybrids and varietes, 

scions: Cicerio, Fondant, Dochița, Vasko, Sorento, Romanza, Top Gun, Zodiac, 

Baronesa, Dulce Dăbuleni, Oltenia, De Dăbuleni watermelons, Gina, Raymond 

melons,  Mathilde, Mirabelle, Lenara, Kybria cucumbers) and some rootstocks: 

ES113, ES30900, ES113, Argentario, Macis, TZ148, Shintoza, Batora, Emphasis, 

Pelops, Nimbus, Carnivor, Aurora - NIZ 54-07, Cobalt.  

The research was carried out through a documentation study and works on 

different biological materials in cultures from greenhouse (observations, biometric 

determinations, biochemical component analyzes (soluble dry substance, acidity, 

soluble carbohydrates, vitamin C). 

RESULTS AND DISCUSSION 

Identification of some cucurbitaceous rootstocks worldwide 

Grafting the watermelon cultivar Fantasy onto Strongtosa pumpkin rootstock 

(Cucurbita maxima Duch. × C. moschata Duch.) ameliorated the decrease of shoot 

weight and leaf area due to increased salinity, in comparison with ungrafted plants. 

Other experiments demonstrated that grafted Crimson Tide watermelon on squash 

(C. maxima) and two bottle gourd (Lagenaria siceraria (Molina) Standl.) rootstocks 

had higher plant growth than ungrafted plants under saline conditions. Similarly, 

two melon cultivars grafted onto three hybrids of squash (C. maxima Duch. × C. 

moschata Duch.) exhibited higher yield compared with ungrafted ones when grown 

under saline conditions (4.6 dS m-1). However, other researchers reported that the 

sensitivity to salinity was similar between grafted and ungrafted plants of melon, 

watermelon and cucumber as a result of the different Cucurbita rootstocks used in 

their studies. Cucumber plants grafted onto C. moschata had lower Na+ and higher 

Cl- contents in the leaves; grafting decreases the concentrations of Na+, but not Cl- 

in the leaves of melon and watermelon. In cucurbits, grafted mini-watermelons on 

a commercial pumpkin rootstock (C. maxima Duch. × C. moschata Duch. PS 1313) 

revealed higher yields (more than 115% total and 60% marketable) when grown 

under conditions of deficit irrigation, compared with ungrafted plants. There are 

differences in the agronomical, physiological and biochemical responses between 

grafting combinations of watermelon plants (Ingrid) grafting onto two bottle gourd 

rootstocks (Macis and Argentario) and two pumpkin (P360 and PS1313) rootstocks, 

and exposed to two levels of nutrient solution pH, specifically 6.0 or 8.1 dS m-1. 

Plants grafted onto pumpkin rootstocks and exposed to an excessively high external 

pH level were capable of maintaining higher net assimilation rates, strong capacity 

to accumulate Fe in the aerial part and a better plant nutritional status (higher P and 

Mg) in the shoot tissue, in comparison with those grafted onto bottle gourd 

rootstocks and the ungrafted plants [3]. 

The use of reciprocal grafting between drought-tolerant luffa rootstock and 

sensitive cucumber indicated that plant resistance to drought was mainly dependent 

on luffa rootstock. Antioxidant compounds (vitamin C and lycopene) in mini-

watermelon were also higher in Ingrid/PS1313 grafting combination than in non-

grafted control, irrespective of the irrigation regime used [6]. 
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The root system of Pat 81 adapts to the needs of the aerial part of the Piel de 

Sapo scion, displays a high level of resistance to Monosporascus cannonballus 

(similar to RS 841), and provides the plant with more healthy roots, with a higher 

root/vine biomass ratio compared with non-grafted Piel de Sapo [4]. 

Watermelon Crimson sweet scion was grafted onto three different rootstocks 

(Cucurbita NUN-9075, Lagenaria Argentario, and citron watermelon PI296341). 

The NUN-9075 rootstock performed better than other rootstocks; hence, it is 

recommended as the best rootstock [5]. 

Potential rootstocks with special features  of  resistance  against  biotic  and  

abiotic  stresses identified by some researchers [7]: Cucumis hydrix, C. ficifolia, 

Cucurbita moschata x C. maxima for cucumber, PI 124111, PI124112 (Cucumis 

melo var. momordica, Cucumis), C. trigonus, C. metuliferus, C. pustulatus for musk 

melon, Cucurbita lundelliana, Benikasa hispida, Wax gourd for pumpink and 

commercial rootstocks for biotic stresses (Fusarium oxysporum – sp. niveum, 

cucumerinum, melonis and lagenariae and nematodes Meloydogine – sp. incognita 

and halpa) in cucurbits: Shintoza, Strongtoza, Figleaf gourd, Bottle gourd, Wax 

gourd, Bur cucumber, AH cucumber. 

Identification of some cucurbitaceous rootstocks in Romania 

The work was carried out in an experimental greenhouse; this greenhouse is 

specialized in producing vegetables seedlings, it is protected against condense by a 

double layers cover with an under pressure air layer as thermal insulator and it is 

equipped with a system for shadowing, ventilation and cooling of the grafting room. 

The greenhouse has two rooms: first room for plant growth and second room for 

grafting and callusing (Figures 1 and 2). 

           

Figure 1. Room for plant growth          Figure 2. Room for grafting and callusing 

The rootstocks used for cucurbit grafting are F1 hybrids from the Nunhems, 

Syngenta, Clause Vegetable Seeds, Rijk Zwaan, Nickerson Zwaan companies, 

which have also companies in Romania (Figure 3). 
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Carnivor, Emphasis, Macis, Vitalley, Nimbus, UG 29A 

Figure 3. Cucurbitaceous rootstocks 

The rootstocks with special features  of  resistance  against  biotic  and  abiotic  

stresses identified for cucumber, watermelon and melon crops in Romania by the 

researchers from the Horting Institute are F1 hybrids (C. moschata x C. maxima and 

L. siceraria): ES113, ES30900, ES113, Argentario, Macis, TZ148, Shintoza, 

Batora, Emphasis, Pelops, Nimbus, Carnivor, Aurora - NIZ 54-07, Cobalt and 

others. 

The results at watermelons (Cicerio) grafting onto the ES30900 rootstock 

showed: 

• a significant difference between standard plants crop and grafted 

plants crop (over 34t/ha), 

• an improvement of commercial quality at grafted plants (88,9% and 

respective 93%, Class I watermelons); watermelons from non-grafting 

plants has an average percentage of Class I watermelons of only 

69,90%, 

• in grafted watermelons, dry matter content was reduced on average by 

1,5% and total carbohydrate content was the lowest with 0,66%; 

practically the nutritional value of watermelons expressed by dry 

matter content and total carbohydrates is the same for both culture 

systems, 

• the grafted plants showed resistance to attack of Fusarium oxysporum 

and Meloidogyne incognita comparing with non-grafted watermelons 

plants where the level of Fusarium oxysporum attack was of 0,56% 

and of 0,80 % for Meloidogyne incognita [2]. 

The Mathilde cucumbers grafted onto the TZ148, Shintoza and Batora 

rootstocks have vigour, resistant and big production compared with the non-grafted 

Mathilde cucumbers. 
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The grafting did not change significantly the fruits quality of grafted melons 

(Gina F1 and Raymond F1 grafted onto the Aurora–NIZ 54-07 F1 (L. siceraria) 

rootstock); at some biochemical components (soluble dry substance, acidity, soluble 

carbohydrates, vitamin C) are not existing significant differences between variants 

compared to the control non-grafted variants. 

An experience was realized out on a collection consisting from two Romanian 

scions, melon (Fondant variety) and watermelon (Dochiţa variety) obtained at 

Research and Development Station for Vegetable Growing, Buzău, Romania and 

two rootstocks, bottle gourd – L. siceraria (Emphasis F1) and inter-specific hybrid 

squash – C. maxima x C. moschata (Cobalt F1). These grafting combinations are 

optimal plants for crops from Romania. Other experiences were carried out with 

cucurbits plants, different F1 hybrids (Mirabelle, Lenara, Kybria cucumbers; 

Vasko, Sorento, Romanza, Top Gun, Zodiac, Baronesa watermelons) or different 

Romanian watermelon varieties (Dulce de Dăbuleni, Oltenia, De Dăbuleni) grafted 

on F1 hybrid rootstocks (Pelops, Nimbus, UG29A and others). In all the research, 

the rootstocks have had yield, quality and resistance to abiotic and biotic stress 

factors. 

CONCLUSION  

In conclusion, the use grafted cucumber, watermelon, melon plants, the 

grafting combinations (scions x rootstocks) researched in the Horting Institute, may 

be recommended for the crops in Romania. 

Several rootstocks are very used in Romania for conventional and ecological 

crops (UG 29A, Shintoza, Emphasis, Cobalt and others).  

Following the studies undertaken on research trials in the greenhouses, many 

rootstock genotypes were selected and tested in the Horting Institute and some 

rootstocks are presented in this paper, F1 hybrids (C. moschata x C. maxima and L. 

siceraria) from from the Nunhems, Syngenta, Clause Vegetable Seeds, Rijk Zwaan, 

Nickerson Zwaan companies and others: ES30900, TZ148, Shintoza, Batora, 

Aurora - NIZ 54-07, Emphasis, Cobalt. 

These rootstocks have had good results by grafting with some scions: Cicero, 

Fondant, Dochița watermelons, Gina, Raymond melons, Mathilde cucumber. 

Based on the above mentioned results, it can be said that the rootstocks played 

a important role in plant resistance/tolerance to soil disease and pest, yield and fruit 

quality.  

The results showed that cucurbitaceous grafting on the suitable rootstock has 

positive effects on the crops compared to the non-grafted cucurbitaceous. 

The research in the cucurbitaceous grafting domain at Horting Institute are in 

evolving for the development of the ecological crops. 
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ABSTRACT 

The security of the functioning systems represents, through the four specific 

components (security, availability, reliability and maintenance), a basic component 

of the processing requirement.  

Monitoring of all specific intrinsic and operating parameters of oil and gas 

pipelines can be technically detected and diagnosed by: 

• existing defects. 

• rapid and effective intervention to eliminate the damage, if they 

occurred. 

To establish the maintenance programs that can ensure the proper functioning 

of the oil pipelines, it is necessary to establish their technical status. The research 

done helps reduce the risk of oil pipeline damage. 

Keywords: Risk scenario, evaluation, oleoduct, probability, technical failure 

INTRODUCTION 

The National Petroleum Transport System - SNT, represents the set of 

interconnected main pipelines, which ensures the collection of the oil extracted from 

the operating or import perimeters and its management from the points where it is 

delivered by the producers / importers to the processing units. [1] Pipelines transport 

natural gas, oil and petroleum products, water for population consumption, 

irrigation and waste water.  
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Figure 1. The connections between the operating, processing and consumption 

centers of the pipelines.[2] 

Long pipelines networks are found in Europe and North America, and transport 

oil from the exploitation points to the processing centers, and between the 

processing center and the consumption centers (fig.1.). The processing center may 

be located in other country than the one from which is extracted. There are also 

pipelines that cross the Mediterranean, linking northern Africa with Europe. In 

Europe, the longest networks are in Russia, most of the pipes are in the Volga- Ural 

area, Moscow, Western and Central Europe, as shown in the figure 2.  

In Romania is one of the longest pipeline networks in Europe (approx. 2500 

km), Subcarpathians, Getic Plateau, Romanian Plain. [2] 

 

Figure 2. Oil pipelines in Europe. [2] 
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Oil pipelines safety 

The security of the functioning systems represents, through the four specific 

components ( security, availability, reliability and maintenance), a basic component 

of the processing requirement (fig. 3.). The common point between the security 

components of the system is the use of probalistic tools, as a technique for assessing 

the risks of the different operating states of the analyzed system. The efficient 

processing of the techological lines and systems implies their quasi- continuous 

operation, by substantially reducing stops duet o failures/ disposals. The 

implementation of the technological equipment useed in the process industries 

requires high levels of reliability  and technical security. 

 

Figure 3. The principle of determining acceptable risk in relation to an optimal 

economy. [3], [4] 

In the case of oil papelinesc, the fullfillment of this desideratum is essentially 

conditioned by the meeting of the following mechanical criteria of technical safety: 

• ensuring the mechanical strength of the structural components. This 

means avoiding to reach the limit states- critical, or last. 

• prevention of cracking and fracturing of materials. 

• ensuring the mechanical stability, the rigidity of the structural 

components and maintaining the initial geometric shape of each 

component, during the service fife under load. 

• ensuring the tightness of the technological enclosures. [3], [4] 

METHODS 

Technical failure of the oleoduct - the total / partial exit of the SNP 

function- Risk Scenario (National Petroleum Transport System) 

AVARIE TEHNICĂ OLEODUCT:  

SUCCESSION OF TECHNICAL INCIDENTS / WORK ACCIDENTS → 

PERSONAL EXPLOITATION ERRORS → TOTAL / PARTIAL OUTPUT 

OF SNP FUNCTIONS → ENERGY INSECURITY → ECONOMIC 

INSECURITY → DIFFICULTIES 

The causes and effects of the Risk Scenario are described in table 1.[5] 
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Table 1. The causes and effects of the Risk Scenario 

RISK SCENARIO: TECHNICAL FAILURE OLEODUCT → TOTAL / 

PARTIAL OUTPUT OF SNP FUNCTION 

Causes: 

-poor condition of oil pipelines and pumping stations. 

-lack of investments in oil pipelines and pumping 

stations. 

-lack of revisions to the equipment related to the oil 

pipelines and pumping stations. 

- non-technological renewal of oil pipelines and 

pumping stations. 

- the incorrect configuration of the pumping stations. 

- wrong pipeline configuration (thickness). 

- wrong maneuvers performed by the operating 

personnel. 

- lack of specialized and / or trained operating 

personnel. 

- poor communication or communication with the 

Central Oil Dispatcher - CDO. 

- CDO personnel not specialized in times of crisis. 

- lack of working procedures during times of crisis. 

- lack / failure to comply/ unawareness of national / 

European procedures in case of serious damage. 

- lack of training in the field of Risk Management. 

Effects: 

-stop the oil (oil / gas) 

market between Romania, 

the EU, NATO or other 

partner countries. 

-oil refueling (oil / gasoline / 

ethane) a neighboring energy 

systems, from the EU, 

NATO or other partner 

countries. 

-non-supply with oil the 

major consumers and master 

oil pipelines within the SNP. 

- huge material damage 

resulting from the lack of 

oil. 

- huge material damage 

resulting from the 

interdependence of other 

systems compared to oil. 

The calculation of the Risk Scenario presents the following steps: 

• Methodology of establishing the probability: 

Due to the effects caused by the causes of the technical failure of the pipeline 

(total / partial exit from the SNP function) we have adopted an average level for 

establishing the probability, the event having a significant probability of occurring. 

For the establishing the probability was adopted the next probability scale: [5] 

Table 2. Establishing the probability. 

LEVEL/ 

ASSOCIATED 

SCORE 

DEFINITION OF PROBABILITY 

PERIOD 

 

1. Very low 
It has a very low probability of occurring. Normal measures are 
required to monitor the evolution of the event. 

after 13 

years  

2. Low  
The event has a low probability to occur. Efforts are needed to 
reduce the probability and / or attenuation the impact of the product. 

10 – 12 

years 

X 3. Medium 
The event has a significant probability of occurring. Significant 
efforts are required to reduce the probability and / or attenuation the 

impact of the product. 

7 – 9 years 

 

4. High 
The event is likely to occur. Priority efforts are needed to reduce 

the probability and / or attenuation the impact of the product. 
4 – 6 years 

 

5. Very high 
The event is considered imminent. Immediate and extreme 

measures are required to protect the target, evacuation to a safe 

location if the impact requires it. 

1 – 3 years 

• Determining the severity of the consequences of the proposed 

scenario: 
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The severity of the consequences is given by the unfavorable level of 

vulnerabilities and impact. The analysis of vulnerabilities and capabilities are 

presented in table 3.[5] 

Table 3. Analysis of vulnerabilities and capabilities related to the Risk Scenario. 

RISK SCENARIO: TECHNICAL FAILURE OLEDUCT- 

VULNERABILITIES AND CAPABILITIES 

LEVEL 

1. Lack of energy infrastructures (pumping stations and oil pipelines) 

in 17 counties of the country: 

• the lack of investments (new constructions of pumping stations and oil 

pipelines, non-                  refurbishment of existing pumping stations and 

pipelines - old). 

• unpredictability of the political system. 

• the possibility of an interruption of oil- regional or national, generating: 

• halting the oil market between Romania and EU/ NATO/ partener 

countries; 

• stopping the production of electricity from thermal power plants, 

• stopping the supply of oil to industrial and domestic consumers. 

• energy insecurity, generating economic insecurity. 

• generating national insecurity. 

Very low 

Low 

Medium 

High 

Very High 

2. Incorrect or precarious configuration of energy infrastructures: 
• the incorrect or precarious configuration of the pipelines (thickness). 

• the incorrect or precarious configuration of the pumping stations. 

Very low 

Low 

Medium 

High 

Very high 

3. The degree of specialization and periodic training of the personnel 

with the responsibilities of restoring the process of oil supply. 

• the operative personnel of the Central Oil Dispatcher - CDO. 

• operating personnel from pumping stations. 

• maintenance staff. 

• security personnel. 

Very low 

Low 

Medium 

High 

Very high 

• Impact study: 

Impact study is the management analysis at certain levels that identifies the 

impact of the loss of the resources of a European critical infrastructure (pumping 

station/ oil pipeline of national importance). The severity of all the impacts of the 

scenario will be taken into account and then the level of severity of the 

consequences of the hazard/ threat from the considered scenario will be established. 

The highest level will be chosen from the severity levels related to the impacts, 

according to table 4. 
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Table 4. Analysis of the impact of the Risk Scenario. 

IMPACT LEVEL 
 

Huge damage caused by lack of oil 

1.Very low temporary 

2.Low significant 

damages 

3.Medium medium damages 

4.High big damages 

5.Very high very big damages 

Huge damage caused by the interdependence 

of the other systems with the oil  

1.Very low 0 – 10% of VCI 

2.Low 11 – 20% of VCI 

3.Medium 21 – 30% of VCI 

4.High 31 – 40% of VCI 

5.Very high peste 41% of VCI 

Potential environmental damage 

1.Very low 0 – 20% 

2.Low 21 – 40% 

3.Medium 41 – 60% 

4.High 61 – 80% 

5.Very high peste 81% 

Strong social impacts 

1.Very low 0 – 10% of IP 

2.Low 11 – 20% of IP 

3.Medium 21 – 30% of IP 

4.High 31 – 40% of IP 

5.Very high peste 41% of IP 

VCI - Volume of Invested Capital; CP - Confidence of the population. 

• Calculation of severity of consequences: 

Due to the strong impacts, we have chosen a very high level, which can cause 

immense damage, and the consequences can be catastrophic, leading to serious 

injuries and deaths, major losses of equipment, installations and suspending the 

service provision. 

The calculation of the severity of the consequences is shown in table 5.[5] 
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Table 5. Gravity of consequences 

LEVEL/ 

ASSOCIATED 

SCORE 

GRAVITY OF CONSEQUENCES 

 

1. Very low 
The event causes a minor disturbance in the activity, without 

material damage  

2. Low  
The event causes minor material damage and limited activity 

disruption  

3. Medium 
Personal injury, and / or loss of equipment, utilities and delays in 

service provision. 
 

4. High 

Serious personnel injuries, significant losses of equipment and 

facilities equipment, delays and / or interruption of service 

provision. 

X 5. Very high 

The consequences are catastrophic resulting in serious personnel 

deaths and injuries, major losses of equipment, installations and 

facilities and the cessation of service provision. 

• Calculation of risk level: 

The calculation of the risk level is given by the product between establishing 

the probability and calculating the severity of the consequences, which is described 

in table 6. 

Table 6. Calculation of risk level. 

P
 R

 O
 B

 A
 B

 I
 L

 I
 T

 

Y
 

Very high 5 
     

High 4 
     

Medium 3 
    

Scenario 

DAMAGE 

Low 2 
     

Very low 1 
     

0 Very 

low 1 

Low 2 Medium 3 High 4 Very high 5 

G R A V I T Y /  C O N S E Q U E N C E S 

Note: The risk is given by the result of the probability of producing a hazard / threat and 

the severity of its consequences. 

The result of the risk of producing the chosen scenario is the following: 

The calculated risk has the value 15 

(probability 3 x gravity 5), 

therefore there is a 

HIGH RISK 

to produce the script chosen. 

CALCULATED RISK LEVEL 

LEVEL SCORE 

Very low 1 – 3 

Low 4 – 6 

Medium 7 – 12 

High 13 – 16 

Very high 17 – 25 
 

• Risk management: 

To reduce the risk, measures are required to reduce the following 

vulnerabilities and / or improve the following capabilities, according to table 7.[5] 

Table 7. Risk treatment for the Risk scenario. 
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VULNERABILITY AND / OR CAPABILITY PROPOSED MEASURES 

1. Lack of energy infrastructures (pumping 

stations and oil pipelines) in 17 counties of the 

country: 

• lack of investments (new constructions of pumping 

stations and oil pipelines, non-refurbishment of 

existing pumping stations and pipelines - old ones). 

• unpredictability of the political system. 

• the possibility of an interruption of oil- regional or 

national, generating the halting the oil market 

between Romania and EU/ NATO/ partener 

countries; 

• stopping the production of electricity from thermal 

power plants, 

• stopping the supply of oil to industrial and domestic 

consumers. 

• energy insecurity, generating economic insecurity. 

• generating national insecurity 

 Major investments in energy 

infrastructure: 

• new oil pipelines. 

• new pumping stations. 

• refurbishment of existing oil 

pipelines and pumping stations - 

old. 

• predictability (security) of the 

political system. 

• accessing European funds for 

securing European critical 

energy infrastructures. 

2. Incorrect or poor configuration of energy 

infrastructures: 

• the incorrect or precarious configuration of the 

pipelines (thickness). 

• the incorrect or precarious configuration of the 

pumping stations. 

• technical evaluations (technical 

expertise) on the thickness 

suitable for the pipelines in order 

to operate at normal parameters. 

3. The level of specialization and periodic 

training of the personnel with the 

responsibilities of restoring the process of oil 

supply: 

• operating personnel from the Central Oil 

Dispatcher CDO. 

• operating personnel from pumping stations. 

• maintenance staff. 

• security personnel. 

• training and training courses for 

operating personnel (CDO / 

pumping stations), maintenance 

and security. 

• analysis of technical events, 

technical incidents and accidents 

at work, etc. 

• the control of the installations on 

line of operation and the 

performing of the preventive 

maintenance. 

After applying the risk reduction measures related to the risk scenario, results: 
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Table 8. Measures after risk treatment related to the Risk Scenario. 

RISK SCENARIO: TECHNICAL 

FAILURE OLEODUCT 

VULNERABILITY 

IDENTIFIED AFTER THE 

APPLICATION OF 

THE MEASURES 

1. Lack of energy infrastructures 

(pumping stations and oil pipelines) in 

17 counties of the country. 

2. Incorrect or poor configuration of 

energy infrastructures. 

3. The level of specialization and periodic 

training of the personnel with the 

responsibilities of restoring the process 

of oil supply. 

1.Very low 1.Very low 

2.Low 2.Low 

3.Medium 3.Medium 

4.High 4.High 

5.Very high 5.Very high 

• Recalculation of severity of consequences: 

After treating the risk through the measures proposed for the vulnerabilities and 

/ or the capabilities of the risk scenario 1, we reduced the level associated with the 

severity of the consequences from the medium to the low level, according to table 

9. [5] 

Table 9. Recalculation of severity of consequences. 

NIVEL / 

PUNCTAJ 

ASOCIAT 

GRAVITATEA CONSECINȚELOR 

 
1.Very low The event causes a minor disturbance in the activity, without material 

damage. 

X 2.Low The event causes minor material damage and limited activity disruption.  
3.Medium Personal injury, and / or loss of equipment, utilities and delays in service 

provision.  
4.High Serious personnel injuries, significant losses of equipment and facilities, 

delays and / or interruption of service provision.  
5.Very high The consequences are catastrophic resulting in serious personnel deaths 

and injuries, major losses of equipment, facilities and the cessation of 

service provision. 

• Discussion of calculation of the risk level after the reduction measures 

are applied: 

Following the diminution of the risk and the recalculation of the severity of the 

consequences, the level of risk of producing the scenario was reduced, the value of 

the risk level after the application of the reduction measures is shown in table 10. 
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Table 10. Risk level. 
P

 R
 O

 B
 A

 B
 I

 L
 I

 T
 Y

 

Very high 

5 

     

High 

4 

     

Medium 

3 

 
Scenario 

DAMAGE 

   

Low 

2 

     

Very low 

1 

     

0 Very low 

1 

Low  

2 

Medium 3 High  

4 

Very high 

5 

G R A V I T Y /  C O N S E Q U E N C E S 

Note: The risk is given by the result of the probability of producing a hazard / threat 

and the severity of its consequences. 

The result of the risk of producing the chosen scenario is the following:[5] 

The calculated risk has the value 6 

(probability 3 x gravity 2), therefore 

there is a 
LOW RISK 

to produce the script chosen. 

CALCULATED RISK LEVEL 

LEVEL SCORE 

Very low 1 – 3 

Low  4 – 6 

Medium 7 – 12 

High 13 – 16 

Very high 17 – 25 
 

CONCLUSION 

1. Monitoring of all specific intrinsic and operating parameters of oil and gas 

pipelines can be technically detected and diagnosed by: 

• existing defects. 

• rapid and effective intervention to eliminate the damage, if they 

occurred. 

2. In order to establish the maintenance programs that can ensure the proper 

functioning of the oil pipelines, it is necessary to establish their technical status. 

Preventive and predictive maintenance systems that significantly reduce the risk of 

damage occurring, can be applied after finding out the technical status of the oil 

pipelines. 

3. The establishment of the maintenance plan for the oil pipelines is done as 

follows: 

• identification of the limit state for the intervention. 

• the probability of reaching the limit state. 

• the volume of fluid (gas or oil) that can be released following an 

incident. 
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• number of population in the incident area. 

4. Investigations for the identification, evaluation and minimization of 

industrial risks relating to oil pipelines involve high costs, approved equipment and 

authorized personnel. Research results can also be used in similar cases. 
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ABSTRACT 

Climate change is linked to increase in frequency and/or severity of different 

damages in forest stands. Birch (Betula spp.) stands can be significantly affected by 

wind and snow (freezing rain). Aim of our study was to assess, if admixture of other 

tree species reduces the proportion of damaged trees in birch stands. 

Data from total of 836 sample plots (size 500m2) in birch stands at the age of 

up to 81 year were analysed. Among the mixed sands (MS) and pure stands (PS 

>80% of single tree species), the mean proportion (± confidence interval) of damage 

was assessed from the total number (TN) and basal area (BA) of overstory (first 

layer) trees. MS were further assessed in two groups – one or more species in 

admixture (MS+1 and MS+2).  

The proportion of mixed birch stands was increasing with age: from average of 

21% at the age of up to 20 years to 64% at the age of 61-70 years, most likely do to 

difference in historical management. In period between the 1950th and 1990th, birch 

was considered as undesirable species and the older stands formed mainly due to 

low survival of coniferous trees and natural ingrowth of birch, whereas starting from 

the 1990th birch was more widely recognized and used as target species.  

Proportion of undamaged birch trees (both, when assessed as TN or BA) was 

not significantly different between MS and PS. Also presence of second layer trees 

did not affect the proportion of damaged overstory trees significantly. There were 

significant differences among the groups of mixed stands: more wind or snow 

damaged trees were found in certain age groups in stands with more than one 

admixture species present.  

Creating a mixed birch stands in comparison to pure stands of the same tree 

species may not result in lower frequency of damaged trees, thus this approach 

cannot be automatically recommended as a tool for adaptation to climate change.  

Keywords: storm damage, stem breakage, uprooting, mixed stands  

INTRODUCTION 

Mixed species stands are formed as deliberate management decision or as 

reaction to circumstances – mostly – low survival of the target species. Most 

common mixture in hemiboreal conditions is between birch (silver birch or downy 

birch, often not separated in practical forest management) and Norway spruce. 



 

76 

These species are also the main used in afforestation in Latvia both for planting of 

mixed stands (mostly spruce with birch admixture) or pure stands. Afforestation 

had led to increase of forest by c.a. 1% over last two decades in Latvia [1] and is 

important also in other countries in our region. In natural regeneration Norway 

spruce ingrowth in broadleaved tree stands can be observed, also creating tree 

species mixture, but over much longer period of time [11]. Higher productivity of 

the newly formed stands can also be achieved, while using the tree breeding – 

regeneration with plants grown from seed orchard seeds [3, 4]. In better the soils 

the volume gain is higher, thus also the premium for planting greater, even so the 

genetic gain as proportion in comparison to unimproved material is similar as in 

poorer soils [7]. Breeding of silver birch is profitable in Latvia [5]; its results are 

used to produce material for forest regeneration of c.a. 15% from the total birch 

final harvest areas – indicating still a notable potential for increase. Genetic 

diversity of such material is comparable to that found in natural regeneration. Both 

silver birch and Norway spruce and be propagated vegetatively, thought for 

practical purposes with different methods., and clonal plantations created. Such 

plantations have lower genetic diversity at a single stand scale. Therefore testing for 

the growth and branch traits as well as for vitality (resistance to different risks) is 

required. Some of the damages can be assessed relative late in the young stands of 

particular tree species. For example, occurrence of stem cracks for Norway spruce: 

the heritability of stem cracking is low, ca., two times lower than for the diameter 

at breast height [14, 15], still the selection of a single clone with this fault (at a 

conditions of severe drought events), can result in notable damages and thus loss 

for the forest owners. For the birch such birch there are less vulnerabilities that 

cannot be assessed at relative young age.  

Silver birch management is more profitable than that of other deciduous tree 

species in Latvia [13], partly due to well established wood processing and thus high 

prices of top-grade logs. Therefore is important to reduce any risks that might affect 

survival of trees and outcome of such logs. Use of the best genotypes for 

regeneration or afforestation is one of the ways to minimize different cumulative 

risks over the rotation period. For example, repeated damages by cervids to the top-

shoot have a negative impact to increment of young trees, when exceeding the 

capacity of tree compensatory growth [12]. Fast growth – combining the genetics 

and physiology, i.e. use of high quality plant material, often with improved root 

system – reduces the time period, when the tree is prone to the damage. In some 

cases total amount (frequency) of browsing damages can also be reduced in mixed 

stands, but rarely for the single target species, if that’s the most affected one by a 

particular species of cervids. Reduction of this biotic damage becomes increasingly 

more important due to rise of cervid population density [12]. Most important 

negative abiotic factors are drought and wind. Cumulative risks to those can also be 

reduced using faster growing trees. The direct influence of altered precipitation 

regime on shoot and root biomass of silver birch plants on fertile mineral soils had 

been observed [10]. It can be minimized using larger, more drought tolerant plants. 

Also drought, often in combination of presence of dry undergrowth and/or ground 

vegetation, increases the fire risk, caused by people’s negligence or intentional 

burning [9]. As faster the tree growth and increases the dimensions and bark 

thickness, as higher the chances for survival in the fire event. Growth in plantation 
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can additionally be improved with fertilization: even the single (initial) fertilization 

can have a positive effect for up to 15 years [6]. It can also be improved with tending 

and maintenance of suitable moisture regime, leading to more resources available 

for target tree and even to formation of additional height increment in the same 

season [8]. Birch is rather resistant to wind damages [2], however, it is still affected. 

Selected management regime can minimize the risk – stands are most vulnerable 

(less stable) in period up to five years after the commercial thinning, thus reduced 

amount of commercial thinnings over the life-span of the stand decreases the 

cumulative probability of damages. Similarly, faster growing (selected) trees, 

reaching the target diameter of the stand faster, also would decrease the probability 

of wind damages. Admixture of Norway spruce in the stands of other tree species 

(e.g. birch) has been shown to increase the wind damage risk [2]. However, these 

results are based on assessment of a single (even so large-scale) storm. For the 

decision on establishment of mixed or mono-species (pure) stands, broader 

information is needed. Therefore aim of our study was to assess, if admixture of 

other tree species reduces the proportion of damaged trees in birch stands.  

MATERIAL AND METHODS 

Study area was Latvia, located in hemiboreal forests (57°N, 22°E) of Latvia 

(Fig. 1); it it characterized by generally mild climate with annual sum of 

precipitation 700-800 mm and mean air temperature in the warmest and coldest 

month (July and January, respectively) 18°C and -6°C, based on data of Latvian 

Environment, Geology and Meteorology Centre. Region is located in central part of 

Silver birch distribution range – this tree species has good growth and no strong 

limiting factors in Baltic States.  

Data from total of 836 sample plots (size 500m2), located systematically across 

the territory of Latvia, in birch stands (birch is a dominant tree species) at the age 

of up to 81 year were analysed. Sample plots were divided in two groups – pure 

stands (PS), where birch constitutes more than 80% of the standing volume, and 

mixed stands (MS). MS were further assessed in two groups – one or more species 

in admixture (MS+1 and MS+2, respectively). The mean proportion (± confidence 

interval) of damage was assessed from the total number (TN) and basal area (BA) 

of overstory (first layer) trees. Wind damages were specifically noted.  
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Figure 1. Location of study area and approximate borders of hemiboreal 

vegetation zone (HB) in accordance to FAO, 2007 

RESULTS AND DISCUSSION 

The proportion of mixed birch stands was increasing with age: from average of 

21% at the age of up to 20 years to 64% at the age of 61-70 years, most likely do to 

difference in historical management (Fig. 2). In period between the 1950th and 

1990th, birch was considered as undesirable species and the older stands formed 

mainly due to low survival of coniferous trees and natural ingrowth of birch, 

whereas starting from the 1990th birch was more widely recognized and used as 

target species. It is caused by increasing economic importance of veneer production 

as well as production of sawn material from broadleaved trees to a larger scale, 

leading to higher profitability of birch (in comparison to other broadleaved tree 

species) from the perspective of forest owner [13]. Also birch is less affected by 

browsing damages and thus preferred in regeneration as population density of 

cervids is increasing [12]. Natural regeneration of this tree species is abundant, thus 

most of the young stands had been formed in this low-cost way.  

The chronosequence approach is used in our study, not a set of stands followed 

through a long period of time. Therefore it may as well be, that part of the current 

MS birch stands initially had been coniferous stands, that, and the due to higher 

mortality related to different causes (e.g. bark beetle infestation) may have changed 

to birch-dominated stands.  

Overall limited amount of birch trees with damages were observed – the 

proportion of undamaged trees ranging from 94.0% to 99.2% and decreasing 

gradually with stand age (Fig. 2). It might be an effect of birch being rather little 
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affected by different damaging agents [2], [12], [13]. Also the data collection 

method may have influence the result – if the storm or massive snow, ice amount 

affects the stand, causing most of the trees to be damaged, salvage logging operation 

usually is carried out promptly, thus there is limited probability, that the sample 

plats would be assessed between the time of damage occurring and the time of 

removal of damaged trees. Therefore our results presumably would represent the 

overall level of smaller-scale disturbance better than the catastrophic ones. 

Proportion of un-damaged birch trees (both, when assessed as TN or BA) was 

not significantly different between MS and PS. Thus the deliberate admixture of 

other tree species would not automatically lead to reduced amount of damages. Also 

presence of second layer trees did not affect the proportion of damaged overstory 

trees significantly. This finding may be used in the practical management, where 

second-layer of Norway spruce if formed under birch trees [11], adding the financial 

value for the stand and creating a mixture in the vertical structure.  

There were significant differences among the groups of mixed stands. The 

proportion of undamaged trees in age class of 41-60 years in MS+2 (0.993±0.014) 

was significantly, but not notably, higher than in MS+1 (0.925±0.045). Also there 

were no trees damaged by wind or snow in this age group in MS+, but a notable 

share (both from TN and BA) in MS+2. In age group of 61-70 years in MS+2 the 

proportion of damaged trees by wind and/or snow was 0.018±0.016 from the BA. 

Small (in absolute values) proportion of damaged trees is still of practical 

importance, since the damages can accumulate in the stands over time. Typically, 

damaged trees are removed in commercial thinnings, however, with consideration 

of changing wind climate, management with less (or no) commercial thinning is 

recommended. Also initial planting density has been gradually decreasing due to 

rising planting costs and this trend might continue, with mechanised planting 

becoming more common. Thus survival and good quality (no damages) of every 

single tree will become increasingly more important.  

 

Figure 2. The proportion of vigorous (no any damages) tress (±confidence 

interval) in silver birch stands. 
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CONCLUSION 

Establishment of mixed stands is often included in the recommendations and 

normative regulations as a measure to reduce the damages in the forest. However, 

the proportion (from the total number as well as from basal area) of overstory 

(dominant) birch trees without any damages was not significantly different between 

mixed and pure (mono-species) stands. Also presence of second layer trees did not 

affect the proportion of damaged overstory trees significantly. There were 

significant differences among the groups of mixed stands: more wind or snow 

damaged trees were found in certain age groups in stands with more than one 

admixture species present. Creating a mixed birch stands in comparison to pure 

stands of the same tree species may not automatically lead to reduced proportion of 

damaged trees (thus economic loses for the owner and society at large). More 

nuanced approach is needed in recommendations and consequently forest policy 

documents (normative regulations) to improve resilience and adaptation to climate 

change linked increase of disturbances. Such approach requires empirical 

information on the frequency of particular damaging agent (e.g. wind), potential 

amount of damages as well as the degree (how) and underlining mechanism (how 

much) the damages can be reduced with (particular) tree species mixture at the stand 

scale.  
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ABSTRACT 

This paper is devoted to urban regeneration in the context of increasing the 

quality of urban space and creating a liveable city. The paper consists of four parts. 

The first part contains general considerations regarding urban regeneration and 

highlights that regeneration is an important issue driving the creation of 

contemporary urban space in Europe. In the second part of this paper results of the 

OIKONET project will be described and discussed in detail. OIKONET – A Global 

Multidisciplinary Network on Housing Research and Learning was a Lifelong 

Learning Programme of the European Commission. During a workshop, an 

international group of students and teachers from  European Universities worked on 

the urban rehabilitation of Kosančićev Venac in Belgrade. The third part presents 

an overview of the activities of the Urban Farmers movement, which aims to 

educate city residents on growing food in urban utilitarian gardens and on taking 

care of their neighbourhood landscape in an environmentally friendly way. In the 

fourth part of the paper, ways to improve the situation in Bialystok through small-

scale urban acupuncture action undertaken by students on the Urban Design course 

are discussed. In conclusion, ethical land use patterns to reduce extreme economic 

disparities will be emphasized. The presented cases showed that many European 

countries have similar issues and highlight the need for bottom-up approaches to 

achieve sustainable communities. Making our cities liveable requires not only 

improving existing structures but it is also necessary adopting strategies that 

intertwine environmental, social, psychological issues in the dynamics of 

renovation. 

Keywords: urban regeneration, liveable city, participation, urban acupuncture 

INTRODUCTION 

Every city has abandoned, no-man, degradable areas, both in the centre and on 

the outskirts. The reason for this may be the lack of ties in local communities, and 

the weakness of local governments. Poor management of the city's space evokes 

growing social conflicts. The advantage of private ownership of property over the 

public property or social raises the question - for whom does the city exist? 

Important criteria for the assessment of contemporary public spaces is their 

quality. We can distinguish several criteria for the assessment: the degree to which 

space is inspired by its past; how space-friendly it is; how well it supports various 

activities; how well it is maintained and managed; the degree of social usage of the 

space. The problem facing architects is how to revive a deserted square in the 

centre? How to restore the neglected space of yards and streets to residents? How 

to include them in the process of integration with the city and with each other, which 
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would become a way to heal the surrounding area, but also to recover places that 

were previously empty, neglected, decaying, and often dangerous? How to make 

this process the beginning of conscious participation in the life of the city and thus 

contributed to limiting the clearly visible tendencies to privatize the urban space 

within closed settlements, shopping centres, guarded office buildings? 

This paper is devoted to urban regeneration in the context of increasing the 

quality of urban space and creating a liveable city. 

The problem of city regeneration is extremely complex. As Roberts writes: „it 

is important to emphasize that there is no single prescribed form of urban 

regeneration practice and no single theoretical explanation than can be used to 

analyse all urban problem situations and develop appropriate solutions. In the 

much-changed circumstances of the twenty-first century, time and place both 

matter, and urban regeneration has to reflect particular local circumstances which 

define it”. [1] Renewal, regeneration, reconstruction, restoration and redevelopment 

convey different balances between maintaining current spaces or creating new ones, 

between preserving or transforming the character of a place, and between reusing 

existing structures constructing new ones. 

OIKONET PROJECT 

OIKONET - A Global Multidisciplinary Network on Housing Research and 

Learning was a Lifelong Learning Programme of the European Commission. As 

part of this program, a workshop was conducted in Belgrade in 2016 with 

participants from 19 European Universities working together to identify ways to 

rehabilitating the urban area of Kosančićev Venac, the central district of Belgrade. 

The topic of the workshop was defined as follows - Renewing / Revitalizing. 

Creating liveable cities. The historical part of the city chosen for revitalization - 

Kosančićev Venac - is a heterogeneous, multifunctional area, located between the 

banks of the Sava River and the main pedestrian route, in the vicinity of the 

Kalemegdan fortress. Despite the excellent location in the city centre, this area has 

been neglected for many decades. This area required careful redefinition of views 

on cultural, educational and tourist importance of Kosančićev Venac, taking into 

account the point of view of different social groups. 

In connection with the above, the objectives of the workshop were: identifying 

the specific features of the area, which includes the potential for future changes; 

multidimensional analysis of the environmental, social and psychological aspects 

of a city that is resident-friendly as a basis for the remodelling strategy; proposing 

revitalization strategies that allow participation of representatives of the local 

community; defining the transformation processes of existing spatial structures for 

other uses. During the workshop, 10 projects were created. Among the projects were 

both ones that presented a traditional approach, as well as those in which social 

media played a key role. The group of traditional projects included the design of 

The Cultural Corridor - The City as a Gallery, which proposed the creation of a 

cultural trail through the district. (Fig. 1) Its aim is to inspire local artists and provide 

them space to present their work, to propose actions that will activate the local 

community, tourists and future investors. The project proposes to connect the 
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district with the Sava waterfront by modernizing the paths and adding elevators so 

that the district becomes accessible to everyone. In the project the identity of the 

place was analysed, and then important historic buildings that define the cultural 

and artistic character of the area were selected. The Cultural Corridor proposal is an 

attempt to connect selected points, and through doing so force a specific type of  

 
Figure 1. The Cultural Corridor - The City as a Gallery, source:  

http://oikonet-belgradeworkshop.blogspot.com.es/search/label/Group%203 

(20.05.2018) 

circulation for both residents and tourists. The proposal was developed based 

on the analysis of functional zones, pedestrian and vehicular traffic as well as 

existing connections to the city centre, the Kalemegdan seafront and fortress. This 

allowed to determine the places of introduction of new complementary functions. 

[2] 

Another interesting project, named In Between, suggested the usage of a digital 

platform for documenting ideas and valuable public spaces created on their basis. 

(Fig. 2) As the authors write: “We have prepared proposals for spatial and 

architectural activities based on the ideas of the residents. We organized a sequence 

of events to announce them. During the meetings you can get all the information 

you need about the proposed activities”. [3] For this purpose, the program Think 

Link was used, as it allows you to  

 

http://oikonet-belgradeworkshop.blogspot.com.es/search/label/Group%203
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Figure 2. In Between,  

source: http://oikonet-belgradeworkshop.blogspot.com/search/label/Group%203 

(20.05.2018) 

complete graphic materials (photos, drawings, maps) with additional notes, 

photos, audio files, video and other multimedia content. Communication is based 

on a digital story and is available on any device (computer, tablet, smartphone). The 

end product is a multi-layer map which shows places where interviews with 

residents were carried out. Each photo or movie file corresponds to a location. In 

the next layer of the map, historical objects and those which, according to the 

authors, have great potential are marked. Each point leads to the photo database 

(Instagram). The third layer contains design proposals for various areas of the 

district. One of the most important elements of the project is a blog, where all 

interested parties can add comments and their proposals for revitalization activities. 

[3] 

URBAN FARMS 

The way cities are transformed affects the quality of urban life and its public 

spaces. The importance of social movements, whose aim is the enhancement in the 

quality of the environment, improvement of living conditions, recovery of public 

space and place identity reconstruction, should be emphasized. People, through 

living and working in a space, produce it, giving it meaning. Lefebvre, assessing 

the contemporary city, draws attention to the participation of citizens who can 

contribute to the recovery of the city through collective actions and "gatherings". 

[4] 

The activities of the Urban Farmers movement, presented in this chapter, 

include teaching city residents to take care of their neighbourhood landscape, 

through growing food in urban gardens which ultimately improves the quality of 

urban areas. 

An example of the revitalization of degraded urban space, carried out by the 

city council, with the participation of the inhabitants is the project “Bruggen naar 

http://oikonet-belgradeworkshop.blogspot.com/search/label/Group%203
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Rabot” in Ghent. The Rabot-Blaisantvest district in Ghent is the most densely 

populated district of the city, with a high proportion of foreigners and is one of the 

poorest areas of the city at the same time. It is separated from the centre by a large 

communication artery, and there is little public space or green areas within its 

territory. In 2007, a revitalization project was started, the implementation of which 

would to improve the quality of life of the residents. The aim of the project was to 

raise the level of socio-cultural engagement of the local community and create 

conditions for economic growth. The non-profit association established in 2006 

together with the Department of Planning and Development created a meeting 

centre - De Site, which became a space for implementing projects for the benefit of 

residents. The experimental site for action was a 1.5-hectare plot, located in the 

central part of the district, which was created after the demolition of the Alcatel 

electronics factory production hall. The city council, in consultation with the 

community, decided to use the empty space to organize temporary communal 

spaces, in partnership with the residents. [5] 

One of the elements of the project was the organization of the neighbourhood 

space: temporary “allotments”, a football pitch, a small “zoo”, and barbecue places. 

(Fig. 3) The area has become an active meeting place for residents, who have started 

to identify with this space and are responsible for its development and management. 

These projects can be successful only when the residents are fully involved. This is 

possible when the local coordinators play a key role in the district and are a “bridge” 

between the city authorities and other local entities. Participation and involvement 

are key aspects of the activities undertaken. [6] Unfortunately in 2016, a 

development company commenced the construction of a housing estate in this area 

and the Site project was discontinued. 

 
Figure 3. The temporary ”allotments”,”Bruggen naar Rabot” in Ghent,  

source: authors photo. 

The second example is garden at Moritzplatz in Berlin. This garden is a result 

of an action taken in 2009 by Nomadisch Grün, a non-profit organization , where a 

plot of land was leased near Moritzplatz to create a mobile urban farm - 
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Prinzessinnengarten. (Fig. 4) In the 1960s, the Moritzplatz, at the end of the famous 

Berlin street Oranienstrasse, was a popular place for walks. Unfortunately, the 

policy of the Berlin municipal capital during the reconstruction in the 1970s resulted 

in the loss of attractiveness of this area. A modernist housing estate with high 

buildings (6 - 10 storeys) was built there. In the devastated Moritzplatz, director 

Robert Shaw and photographer Marco Clausen started the project of urban 

gardening. A trapezoid-shaped plot was chosen, located between the streets 

Oranienstrasse and Prinzenstrasse. 150 volunteers signed up for the works on the 

plot, preparing the area for cultivation and removing 2 tons of rubbish. Currently, 

the  

 
a)    b) 

Figure 4. The Prinzessinnengarten.  

Source: a) http://prinzessinnengarten.net/fotogallerie/, CC license, b) authors 

photo. 

Prinzessinnengarten is a public space for both people working in the garden 

and visiting a café. “… the garden doesn’t belong to anyone,” explained Shaw. “We 

manage it, but anyone who wants to can participate, because the goal is to provide 

locally produced organic vegetables to the people who live in the district and 

promote community work and the revival of organic agriculture traditions that have 

been forgotten in cities like Berlin”. [7] It is a place where residents can experiment 

together and learn more about organic food production, climate protection, planting 

techniques or just relax and enjoy an oasis of greenery in the middle of the city. 

Around 20 people work permanently in the garden, which are responsible for 

different areas of cultivation. In winter, mobile vegetable patches are transferred to 

the building located in the garden, which also serves as the centre of the community. 

All products are grown without pesticides and fertilizers and are available for 

purchase. Every Thursday and Saturday meetings are held in the garden, the goal 

of which is learning to grow plants. There are also organized community suppers, 

for the preparation of which amateur cooks use products from the garden. The 

Prinzessinnengarten was created not only to turn the wasteland into a garden, but 

also to create a stimulus for the development of the poor neighbourhood. 

Nomadisch Grün, working with schools and immigrant organizations, intends to 

increase biological, social and cultural diversity in the district and become a pioneer 

of a new way of life in the city. In 2010, the Prinzessinnengarten received the Utopia 

Award. 

http://prinzessinnengarten.net/fotogallerie/
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DESIGN ON A SMALL URBAN SCALE 

Raising the quality of public space does not have to be the result of 

comprehensive large-scale planning undertaken by municipal authorities. These can 

be activities based on simple ideas. “This is the end of the big investments, we want 

to start making little changes” said Marlena Happach the Director of Architecture 

and Spatial Planning in Warsaw at the reSITE Conference in Prague in 2017. [8] 

As part of the 4th semester Urban Design course, students at the Bialystok 

University of Technology have worked on identifying small-scale urban 

acupuncture actions in order to improve areas of Bialystok. (Fig. 5) 

The aim of the project was to find small degraded areas in the city and develop 

a project around them. The process of searching was very important, as according 

G. Cullen a designer will start to understand the city only when they grasp the art 

of observation of the relationship of space, form and function. [9] 

The identified areas should be useful for the local community, and spur further 

activities on a larger scale. The effect of these activities may be a revival of empty 

or misused spaces or an increase in the attractiveness of neglected but popular 

places, such as underpasses and downtown squares. The guiding idea 

accompanying the formulation of a design solution should be striving to create a 

high quality urban space. The students analysed devastated spaces, defined existing 

conflicts (functional, compositional, aesthetical) and then prepared a complex 

solution for the chosen area. As a result, a number of interesting propositions were 

created. These projects had only one drawback - they were very good from a formal 

point of view but did not take into account the opinions of the residents and thus did 

not ensure their future participation in the management of the created spaces. Such 

a course of action can be classified as top-down action, which is the least effective 

in solving social problems. 
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Figure 5. Urban acupuncture project, student M. Lodzinska, IVsemester 

CONCLUSION 

In conclusion, as it can be seen from the presented cases, many countries in 

Europe face similar issues, showing the need to implement bottom-up approaches 

in order to achieve sustainable communities. Urban design decisions that are 

undertaken in the small scale may transform the city as a whole and will make our 

cities and suburbs more liveable for children, elderly and the poor. 

The revitalization of urban areas requires a comprehensive and integrated 

vision and actions that will lead to solving problems by permanently improving the 

economic, material, social and ecological condition in the area that is being 

revitalized. It should be remembered that although we live in an increasingly 

globalized world, the local situation still has a strong impact on the shape of 

everyday life. 

In the process of urban revitalization, it is important to maintain a balance 

between existing structures and new solutions. The city, being a multi-layered 

structure that harmonizes with the collective memory of its inhabitants, is also an 

organism that requires new stimuli to stay alive. Maintaining the balance of existing 

and new spaces within the city, which can preserve or transform the character of a 

place, is made possible through renewal, regeneration and revitalization actions. 

Making our cities liveable requires not only improving existing structures but it is 
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also necessary to adopt strategies that intertwine environmental, social, 

psychological issues in the dynamics of renovation. An interdisciplinary, inclusive 

and participative approach is necessary to develop strategies to achieve liveable 

cities that take into consideration physical, social and psychological realms. The 

presented examples show that the participation of representatives of social sciences 

in the processes of revitalization is necessary to better understand the aspirations of 

people. 
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ABSTRACT 

Potentially toxic metals (PTMs) dispersed within catchments from land-based 

sources pose serious, long-term threats to aquatic ecology and human health. Their 

chemical state or form affects the potential for transportation and bioavailability 

and ultimate environmental fate. PTMs are transported either as (1) particulates 

adsorbed onto sediments, or 2) solutes in groundwater and open channel flow.  

Cohesive sediment occupies a major part of the world’s coastlines. PTMs are 

readily sorbed onto clay/silt and consequently particulate-borne PTMs dominate in 

estuaries and coastal waters. Sediments also represent a considerable ‘sink’ of 

contaminants which can be periodically remobilized. The role of suspended 

particulates in the uptake, release, and transport of heavy metals is thus a crucial 

link in understanding PTM dispersion in these environments.  

Cohesive sediment is subject to flocculation which dictates the behaviour of 

suspended sediment. PTM partitioning, flocculation and particulate-borne PTM 

dynamics are spatially and temporally variable in response to a complex array of 

inter-related physical and chemical factors exhibited within tidal catchments. 

However, knowledge of the dispersion and accumulation of both particulate and 

soluble forms of PTMs within cohesive coastal catchments is limited by little 

understanding of the association of PTMs with flocculated sediments and their 

subsequent deposition.  

This study investigates the influence of changing hydrodynamics and salinities 

to reveal the partitioning coefficients (Kp) and PTM settling flux (PTMSF) for 

different spatial and temporal locations within an idealized mesotidal catchment. 

The data show that the ratio of soluble and particulate-borne PTMs are dependent 

on salinity and flocculation, and that PTMSF is dependent upon partitioning and 

flocculation dynamics. Kp is largely dictated by salinity, but floc size and suspended 

particulate matter concentration (SPMC) are also influential, particular for PTMs 

with low chloride complexation and in freshwater. PTMSF is a function of Kp, floc 

size and settling velocity and varies by up to 3 orders of magnitude in response to 

changing environmental conditions. 
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Findings will improve our ability to predict and monitor contaminant transport 

for PTMs generated by industries such as agriculture, mining, fisheries, aquaculture 

& marine engineers. They can be incorporated in existing decision making tools, 

and help improve numerical modelling parameteristion, to maintain environmental 

quality standards and limit the impacts of bioavailability of metals in aquatic 

environment.  

Keywords: Potentially Toxic Metals, Partitioning, Cohesive sediment, 

Flocculation, Salinity  

INTRODUCTION 

The dispersion of potentially toxic metals (PTMs) into the aquatic environment 

poses a range of environmental problems. PTMs are released from land-based 

sources: current and historical mining and smelting industries, industrial effluents, 

landfill leachate as well as common use of animal feeds, fertilizers and pesticides, 

or other surface runoffs. Heavy metals from atmospheric emissions also enter rivers 

[1]. They do not degrade, but can change form (speciation) and/or move between 

the dissolved and particulate phases (partitioning) and their presence can affect the 

ecological balance of freshwater and marine environments for hundreds of years 

after initial contamination. Bio-assimilation and bioaccumulation of PTMs in 

aquatic organisms can reach pathogenic and even lethal levels, endangering entire 

eco-systems and human health [2]. Globally, large human populations are 

concentrated in the narrow zone adjacent to the coast, and development of 

watersheds increases erosion and both generates and mobilizes pollutants [3].  

PTMs are transported either as (1) particulates bound to sediments and 2) 

solutes in groundwater and open channel flow. Such 'speciation' is an important 

consideration with respect to bioavailability and ultimate environmental fate [4]. 

Chemical state or form affects the potential for transportation. The toxicity of metals 

when in the particulate state is reduced and will be dispersed with mobilised SPM. 

Measures to control or minimise dispersion of particles will also control the 

dispersion of PTMs in their particulate phase. Conversely, PTMs dissolved within 

the water column remain unconstrained and exhibit much great mobility. 

Consequently, environmental quality standards for PTMs are mostly based on the 

dissolved metal fraction, which is more bioavailable and has greater potential for 

transport and dispersion within bodies of water.  

Reactions in which PTMs are reversibly bound to the surface of the sediment 

matrix are referred to as sorption reactions and PTMs that become bound to the 

surface of the solid are said to be sorbed. Approximately 90% of contaminants are 

incorporated in the sediment-associated form (rather than as solutes) due to the 

sorptive nature of fine-grained sediments [5]. Consequently, the particulate-borne 

phase dominates the transport of PTMs from land-based sources to the coastal zone 

[6]. Sediments also represent a considerable ‘sink’ of contaminants in the aqueous 

environment, particularly in estuaries and coastal water bodies [7].  

Particulate-related PTM deposits are often a legacy of the past, especially 

where historical metal mining is the source. However, global concentrations of 

PTMs in coastal sediments have increased over 1985–2000 and are particularly 
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elevated in areas subject to an increase in industrial activities in the developing 

world where danger to human health is particularly pronounced [8].  

PTMs in bed sediment are not permanently fixed but can be periodically 

remobilized, desorbed, or redistributed along the transect from river to sea via an 

estuary. Consequently, sediments act both as a sink and secondary source of metal 

contamination in surface water systems [9]. Resuspension of deposits or 

disaggregation of flocculated suspended sediments may cause desorption to the 

dissolved phase. The process of remobilization of heavy metals from both 

suspended particulate matter (SPM) and bottom sediment is potentially more 

dangerous than the accumulation itself, and contamination is expected to increase 

as more sediments are mobilized with rising sea level and increasing storm 

frequency [10]. The role of SPM in the uptake, release, and transport of heavy 

metals is thus a crucial link in PTM exchange between the water column, bed 

sediment, and consequently the food chain.  

Fine-grained mud, made up of silt- and clay-sized particles, is the most 

abundant material on Earth’s surface dominates deltas, tidally dominated rivers, and 

estuaries [11]. Consequently, mud occupies a major part of the world’s coastlines 

and it plays a key role in the functioning of healthy ecosystems. Salinity has a well-

established impact on the partitioning of PTMs between water and the particulate 

phase. Chloro-complexation (particularly for cadmium), salting out of humic acids 

and destabilization of suspended matter are all well reported for the river-saline 

water interface and in aquatic environments of increasing salinity such as estuaries 

and coastal waters [12]. Further, PTMs are readily sorbed onto clay and silt, often 

as a result of opposite electrical charge. Metal ions can also be precipitated from 

water through formation of insoluble salts with a counter-ion, most commonly 

sulphide [7].  

Clays and silts typically aggregate in a process known as ‘flocculation’. 

Flocculation is a dynamically active process dependent on the electrostatic charging 

of the mineral, and which readily reacts to changes in hydrodynamics, SPM 

concentration, salinity and mineralogy. Particles aggregate through collisions to 

form ‘flocs’, comprising up to ~106 constituent particles [13]. The energy for 

turbulent mixing required for floc formation is described by turbulent shear stress 

(τ), which may change rapidly over tidal cycles [14]. Low to medium levels of 

turbulent shear stress can promote floc growth through particle collision. At higher 

levels, turbulence can cause disruption to the flocculation process by instigating floc 

break-up [15]. Hence, changes in turbulent shear stress and salinity can impose a 

maximum floc size restriction on suspended sediments that vary spatially and 

temporally in response to tidal cycles.  

As flocs grow in size their effective densities generally decrease [16] and their 

settling velocities rise due to a Stokes’ Law relationship [17]. Typically, floc settling 

velocities are significantly quicker than for individual cohesive particles (~ 1-5 μm 

in diameter). Floc size and settling velocity dictate: (1) the residency time of 

remobilized sediments in the water column; (2) the surface area of suspended 

sediment available for sorption exchange, and (3) govern the settling flux of 

particulate-borne PTMs, i.e. their rate of deposition per unit area.  
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It may therefore be anticipated that the partitioning of PTMs between soluble 

and particulate phases, and the flux of associated pollutants, are spatially and 

temporally variable in response a complex array of physical and chemical factors 

exhibited within a tidal catchment. However, knowledge of the association of PTMs 

with flocculated sediments is limited to a single study in coastal waters [18]. Thus, 

there is no understanding of the partitioning of sediment-borne and dissolved PTM 

fractions in coastal catchments dominated by flocculation. This information is vital 

in predicting the dispersion rate and pathways of both particulate and soluble forms 

of PTMs within cohesive coastal catchments in order to target effective measures 

for improving sediment and water quality. 

Variations in the partitioning coefficient for individual metals will dictate the 

ratio of soluble and particle-borne PTMs at different spatial and temporal locations 

within a catchment. Moreover, the amount of PTMs deposited in the particulate 

phase will change in response to the mass settling flux (MSF) of sediments - the 

mass of sediment deposited over an area over time – which is a function of spatial 

and temporal changes of the floc population.  

These experiments quantify, for the first time, ratio of transported metals in 

particulate vs. dissolved state for flocculated cohesive sediments. The experiments 

assess the influence of changing hydrodynamics and salinity at (i) river, (ii) estuary 

& (iii) coastal zones to reveal the partitioning coefficients of common PTMs for 

different spatial and temporal locations within an idealized mesotidal cohesive 

catchment. We elucidate the mechanisms responsible for sorption and determine 

the settling flux of each PTM for each scenario to better understand the geochemical 

cycling between land and coastal waters.  

MATERIALS & METHODS 

Annular Flume & Turbulent Shear Stress 

This study utilised a mini-annular flume to create a consistent and repeatable 

turbulent environment. The annular flume has an outer diameter of 1.2 m, a channel 

width of 0.1 m and a maximum depth of 0.15 m, with a motor-driven rotating roof 

to create the flow for cohesive sediment experiments [17]. Maximum flow speeds 

of approximately 0.7 m s-1 can be produced in the lower half of the water column, 

created by 10 mm deep paddles attached to the underside of the roof. Three 

turbulent shear stresses, τ, were used to represent variations in hydrodynamic 

forcing within an estuary [19].  
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Table 1. Salinity and turbulent shear stress combinations of each experiment. 

Run 
Salinity 

PSU 

Turbulent Shear Stress, τ 

Pa 

1(a) 0               0.70   =   τHi 

1(b) 0               0.35   =   τMed 

1(c) 0               0.10   =   τLow 

2(a) 15               0.70   =   τHi 

2(b) 15               0.35   =   τMed 

2(c) 15               0.10   =   τLow 

3(a) 30               0.70   =   τHi 

3(b) 30               0.35   =   τMed 

3(c) 30               0.10   =   τLow 

PTM Additions and Experimental Procedure  

Six potentially toxic metals (PTMs) typical of mining wastes associated with 

sulphidic ores found in mineral rich locations across the globe were used in each 

experimental run: arsenic (As), cadmium (Cd), copper (Cu), nickel (Ni), lead (Pb) 

and zinc (Zn). They are amongst the PTMs considered as Priority Substances, 

Priority Hazardous Substances and Specific Pollutants by the EU’s Water 

Framework Directive [10] and are routinely assessed for the UK’s Marine 

Management Organisation marine licence applications.  

Spiking concentrations were based on the expected partitioning behaviour of 

the elements to ensure dissolved concentrations would be measurable after 

partitioning and dilution. Literature suggests partitioning to the sediment will 

increase in the order Ni<Cd<As<Zn<Cu<Pb based on physio-chemical 

characteristics of the elements themselves as well as their interactions with saline 

matrices [12]. Consequently, higher concentrations of lead were spiked into 

solution compared with nickel as it was expected that lead would partition strongly 

to the particulates leaving little in the dissolved phase to analyse; whereas nickel 

would be expected to remain predominantly in solution. The concentration of metal 

spiked into the flume reflected the partitioning with concentration additions ranging 

from 0.1 mg L-1 for Ni to 2 mg L-1 for lead. The concentration of each PTM in each 

water sample was determined through ICP-MS post-experiments. For saline runs, 

samples were diluted by a factor of 5 in order to avoid salt matrix interference in 

the ICP-MS analysis. 

The suspended sediment comprised kaolin clay with a median grain size of 6 

µm. The depth-averaged suspended particle matter concentration (SPMC) was 

maintained at 1.0 g L-1 for all experiments. Sediment slurries were prepared using 

38.0 g of kaolin in 0.5 L of ultra-pure water. Gravimetric analysis of extracted water 

samples were used to ensure the ambient SPMC was within required experimental 

tolerances.  

The capacity of the flume is 38 L and it was filled with 37.5 L of ultra-pure 

water before the start of each experiment. For saline experiments, salt was 

progressively added and the flume circulated to mix the salt until the required 

salinity was reached. The following procedure was followed: 
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1. Metal standards were directly introduced into the water, and mixed 

through flume circulation for 5 minutes.  

2. Trial experiments revealed that the pH of the water after the introduction 

of metal standards was ~4.5, significantly lower than found in estuaries. A 

buffer was added to the water to ensure that pH = 8.2 ±0.1. 

3. 3 x 15 ml water samples were taken for ICP analysis to determine the 

precise initial PTM dissolved concentrations. 

4. The sediment slurry (0.5 L) was introduced into the flume and mixed at τHi 

for 1 minute, and a second set of water samples taken for ICP analysis. 

5. The mixed sediment slurries were sheared in the flume for 30 minutes at 

τHi. This duration of shearing was pre-determined in accordance with 

theoretical flocculation time [20].  

6. To obtain floc and water samples, the rotation was stopped for 

approximately 6-8 seconds, although flow in the flume still continued 

through inertia, maintaining particles in suspension throughout this period 

[19]. 50 ml samples were extracted using a glass pipette at mid-height of 

the flow: (1) A sample for floc characterisation, (2) three samples for ICP 

analysis, and (3) a sample for gravimetric quantification of the SPMC. 

7. Steps 7-8 were repeated at τMed and τLow 

The flume was subsequently emptied and cleaned using a high-pressure sprayer 

and detergents in preparation for the next experiment. 

PTM Concentrations of Water Samples  

For each experiment, the mean soluble PTM concentrations from initial, 

sediment-free conditions (see Step 4) were established based on three replicate 

water samples. Subsequently each experiment yielded three mean values 

concentration in the dissolved phase, Cd, for each turbulent condition (Step 6): a= 

τHi, b= τMed and c= τLow. The data was used to determine partitioning coefficients, Kp, 

which give information on the integrated effects of adsorption and desorption 

processes: 

Kp=CsCd   [Eq. 1] 

where Cd is the concentration in the dissolved phase (mg ml-1) and Cs is the 

concentration of metal in the particulate phase (initial PTM concentration – Cd, mg 

g-1). 

Floc Characterisation 

Floc sample populations were characterized using LabSFLOC (Laboratory 

Spectral Flocculation Characteristics), a video-based instrument developed at 

Plymouth University. Each floc sample was transferred to the LabSFLOC settling 

column, whereby the suspended particulate matter was recorded by the video 

camera as it was settling. The observed flocs were measured within a reference 

volume of water (0.4 L). Floc size (equivalent spherical diameter, D) and settling 

velocity (Ws) were determined directly from video recordings for each individual 
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floc. The effective density (ρeff) of each floc was calculated by applying Stokes’ Law 

relationship, following established procedures [15]: 

eff=f - w =Ws18μD2g  [Eq. 2] 

where ρeff is the difference between the floc bulk density (ρf) and the water 

density (ρw) and µ is kinematic viscosity. Mass settling flux, MSF, is defined as the 

product of the settling velocity and SPM concentration [13]. 

RESULTS 

PTM Sorption and Partitioning 

Mean Kp values for each PTM in each experiment are shown in Figure 1. Large 

Kp values under initial τHi conditions indicate that the majority of physio-chemical 

processes resulting in adsorption to the floc field occur rapidly (seconds – minutes). 

The magnitude of Kp in freshwater (PSU 0, Ex. 1) is, from highest to lowest: Cu, 

Pb, Zn, Ni, As, Cd. Values range from Kp = 88,641 L kg-1 for Cu under τHi conditions 

to Kp = 0 l kg-1 (no sorption) for Cd under τHi and τMid conditions. Kp values rise 

from τHi to τLow conditions for each PTM. This is a function of residency time, with 

new sorption sites generated within the SPM as the floc field evolves under 

changing turbulence regimes. 

Estuary salinity (15 PSU, Ex. 2) induces a consistent reduction in Kp for all 

PTMs, and Kp values are, from highest to lowest: Cu>As>Pb>Zn>Ni>Cd. At ocean 

salinity (30 PSU, Ex. 3), Kp values for Cd are essentially zero, reflecting the 

relatively simple experimental set up of the system only comprising kaolin, salt and 

PTMs; unlike the environmental where the presence of organic carbon, mineral rich 

particulates, competing major ions, changing pH, etc., which would all serve to 

impact on the partitioning of the PTMs. Ni, Pb and Zn exhibit negligible values for 

all turbulent regimes, although there is a statistically significant increase from τHi to 

τLow. Copper Kp values decline by a smaller degree from freshwater to estuary 

salinities compared with Cd, Ni, Pb and Zn (48% reduction in τHi, 64% in τMid, 75% 

in τLow).  
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Figure 1. Partitioning coefficients, Kp, for each PTM for Experiments 1 – 3. Error 

bars are confidence intervals at 95%. 

For As there is a stepwise decrease in Kp with salinity for all turbulence regimes 

with values at 0 PSU (Ex.1) approximately half those at 15 PSU (Ex. 2), which 

halve again for 30 PSU (Ex. 3). There is a small increase in Kp at all salinities from 

τHi to τLow conditions.  

Arsenic is a metalloid and present in the water as a negatively charged arsenate 

anion. Reductions in Kp reflect competition for sorption sites with increasing 

chloride concentration [21]. The remaining cationic PTMs occupy the free 

dissolved state as single, positively charged ions in water. An increase in salinity 

thus stabilises them in the dissolved phase, reducing their affinity for the particulate. 

The different sorption potential exhibited by changes in Kp across experiments 

broadly reflect each cationic PTM’s known affinity for particulates. Speciation with 

chloride ions for seawater at pH = 8.1, expressed as a percentage, are: Cu = 1.9%, 

Pb = 22.32%, Ni = 29.6%, Zn = 41.2%, and Cd = 96.8% [22]. Higher values reflect 

greater stability in the dissolved phase under saline conditions.  

Cadmium has the strongest chloride complexation, resulting in cadmium 

chloride species (i.e. initially CdC1+ and subsequently CdCl2 and CdCl3
- as salinity 

rises to that of full seawater [4]). The impact of chloro-complexation on Kp for the 

other PTMs tested was also in line with literature and what would be predicted from 

known dissociation constants. In the absence of other ligands, the percentage of 
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PTM complexed by chloride decreases from 97% (Cd), 41% (Zn), 30% (Ni), 22% 

(Pb) and 1.9% (Cu) [22] and this chloride influence is reflected in the observed in 

the partitioning data from these experiments.  

Flocculation Characteristics 

Figure 2 shows the distribution of flocculated particles within the SPM for each 

experimental scenario. Figure 3 summarises the primary characteristics of the floc 

population for each scenario. There is a visible reduction in floc frequency as 

turbulent shear stress declines for each salinity (Fig. 2), reflecting reductions in 

SPMC (Fig. 3). τHi conditions generate the largest mean floc size, D, for each 

experiment. 

 
Figure 2: Relationship between floc size, D, and settling velocity, Ws, for all 

experiments. Both axes are logarithmic. Changes in turbulent shear stress, τ, 

occur left to right. Changes in salinity, PSU, occur top to bottom. Diagonal lines 

show different values of effective density, ρeff, for reference:  

1600 ( ˗˗˗˗ ), 160 ( - - - ) and 16 ( ...... ) kg m-3.  
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Figure 3: Primary floc characteristics for Experiments 1 – 3. Error bars in (a) – 

(c) are confidence intervals at 95%. 

This is because collisions facilitating floc formation from primary particles are 

more numerous as turbulence increases, and τ is insufficient to instigate floc break-

up. Further, D is positively related to salinity and doubles from 117 µm to 237 µm 

from freshwater (0 PSU, Exp. 1) to ocean salinity (30 PSU, Exp. 3), reflecting the 

electrostatic charging of the sediment. Salinity is also positively related to mean 

settling velocity, Ws, which increases from 1.32 to 2.15 mm s-1. SPMC drops from 

0.87 (Ex. 1) to 0.76 g L-1 (Ex. 3) as salinity increases which can be attributed to 

higher settling velocities. 

The more efficient flocculation of ocean salinity (Ex.3, τHi) is demonstrated by 

the population represented by just 1,015 flocs, 57% less flocs than freshwater (Ex.1, 

τHi). The ocean salinity population exhibited a mean Ws and τHi of 3.3 mm s-1 and 

107 kg m-3, respectively; the corresponding high shear freshwater flocs collectively 

settled more than 3-times slower and were nearly twice as dense. If we examine the 

macrofloc (D>160 μm) fraction, we see that the floc efficient ocean salinity sample 

has 75% of the population and 87.6% of its mass is encapsulated in the larger 

macroflocs, with a quick fall velocity of 4.1 mm s-1, thus producing a high resultant 

mass settling flux (discussed in a later section). In contrast, only 17% of the flocs 
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and 34% of the mass were macroflocs in the freshwater τHi population, and they fell 

at a significantly slower 0.8 mm s-1. 

τHi conditions generate the largest total surface area, A, in each experiment. A is 

a function of D and SPMC and is inversely related to salinity, increasing from 1.32 

to 2.15 cm2, indicating that changes in D outweigh the reduction in SPMC. 

Conversely, mean effective density, ρeff, is negatively related to salinity due to the 

Stokes’ Law relationship (Eq. 2) and drops from 174.3 to 107.01 kg m-3 from 0 PSU 

to 30 PSU. MSF rises from 1.94 (Ex. 1, 0 PSU) to 5.34 g m2 s-1 (Ex. 3, 30 PSU) and 

is strongly correlated with Ws, negating reductions in SPMC and ρeff.  

Under τMed conditions, mean D increases from 95 µm (0 PSU, Exp. 1) to 132 

µm (15 PSU, Exp. 2) but then falls to 120 µm for 30 PSU (Exp. 3). ρeff rises and falls 

around 205 kg m-3 (15 PSU, Exp. 2), the maximum of all reported mean ρeff values. 

This contrasts with τHi which exhibited an inverse relationship between D and ρeff. 

Conversely, mean Ws increases with salinity from 0.3 (0 PSU, Exp. 1) to 1.9 mm s-

1 (30 PSU, Exp. 3).  

A is lower under τMed than τHi conditions, with a maximum of 1.2 cm2 for 15 PSU 

(Exp. 2), confirming that mean D is the most important factor in determining the 

total surface area of the SPM. SPMC is 10-15% lower than equivalent τHi scenarios. 

Notably it is lowest in Ex. 2 (15 PSU), coincident with largest mean D and mean 

ρeff. Despite this, MSF shows a step-wise increase with salinity from 1.94 to 5.34 g 

m2 s-1, indicating that Ws is the key driver of sediment flux. 

Unlike other turbulence regimes, τLow conditions show that mean D is inversely 

related to salinity, dropping from 126 (0 PSU, Exp. 1) to 87.2 µm (30 PSU, Exp. 

3). However, values are comparable to those under τMed conditions. τLow generates a 

rise and fall in mean Ws across the salinity regime, peaking at 1.30 mm s-1 at 15 PSU 

(Exp. 2), again contrasting with the positive D vs. Ws relationship seen in τHi and τMed. 

SPMC is 80-90% lower than in other turbulence regimes. The very low values of A 

(no greater than 20% of values at other τ) reflect SPMC under τLow conditions rather 

than a significant difference in mean D across turbulence regimes.  

Settling Flux of Particulate PTM fraction 

Mass settling flux and the degree of PTM adsorption dictate the rate of 

particulate-borne, PTMSF. It is the product of MSF and concentration of the 

particulate-bound PTMs, Cd. PTMSF for each PTM across each experiment is 

shown in Figure 4. PTMSF values vary significantly in response to changing 

salinity and turbulent shear stress. Relative changes expressed as factor increases 

from lowest to highest PTMSF values are: As = 46, Cd = 280, Cu = 331, Ni = 150, 

Pb = 353, Zn = 108.  

Freshwater (Ex. 1) conditions exhibit the highest PTMSF values with the 

exceptions of Cd and Ni under τLow conditions. Freshwater PTMSF values across all 

turbulence regimes, from highest to lowest, are: Cu, Pb, As, Zn, Cd, Ni. PTMSF is 

an order of magnitude higher for Cu and Pb than the other PTMs tested. As MSF 

(Fig. 3) values in freshwater are lower than saline conditions, the high rates of PTM 

deposition are a result the absence of chloride complexation that induces sorption 

to the sediment.  
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For estuary (15 PSU, Ex. 2) and ocean (30 PSU, Ex. 3) salinities, across all 

turbulence regimes, deposition rates are ordered: Pb, Cu, As, Zn, Cd, Ni. Notably 

this does not wholly reflect the order of speciation discussed above, reflecting the 

role of flocculation in PTM dispersion. Pb and Cu values remain an order of 

magnitude higher than the other PTMs tested.  

 

Figure 4: PTM settling flux, PTMSF, for each PTM for Experiments 1 – 3. Error 

bars are confidence intervals at 95%. 

Changes in turbulence are influential in different ways for each PTM. At 15 

PSU a drop in τ causes a 2-3 order increase in PTMSF for As, Cu and Pb. 

Conversely, this causes a linear decrease for Cd and Ni, but does not significantly 

influence Zn. At 30 PSU there is a rise and fall across τHi to τLow for As, Cu and Pb, 

but a fall for Cd, Ni and Cd. Notably, values are statistically similar for both 

salinities under τHi conditions for each PTM, but ΤMid induces an approximate halving 

of values from 15 PSU to 30 PSU.  

Values for τLow under ocean salinities (PSU 30, Ex. 3) are minimal as a result of 

very low MSF values, with no deposition of particulate PTMs exhibited for Cd and 

Ni due to their absence in the particulate phase. 
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DISCUSSION 

Substantial changes to the SPM characteristics, sorption dynamics and the flux 

of PTMs occur across the range of turbulent shear stresses and salinities that are 

typically experienced within a mesotidal estuary, justifying need to model flow 

environments from above the tidal limit to the coastal zone.  

SPM Characteristics 

The linearity in changes to τ are not reflected in changes to SPMC, highlighting 

the key role of flocculation in dictating the amount of suspended particulates 

available for PTM sorption. The results highlight the intricate nature of the inter-

relationships between floc parameters and driving variables. Some modelled 

scenarios yield comparable floc characteristics despite significant differences in the 

turbulence regime and salinity. For instance, settling velocities are comparable for 

all turbulence regimes at 15 PSU while higher 30 PSU shows an order-of-magnitude 

decline in Ws from τHi to τLow. Similarly, effective densities are comparable in 

freshwater conditions (Ex. 1) but vary with turbulence regime under saline 

conditions (Exs. 2 & 3).  

There is a transition from a positive relationship between floc size and salinity 

under freshwater conditions to a negative one at 30 PSU. Total surface area, A, 

dictates the area available for PTM sorption and drops significantly in response to 

a reduction in turbulent shear stress but is also dictated by floc size. It is principally 

a function of floc size at 0 PSU, SPMC and floc size at 15 PSU, and SPMC at 30 

PSU.  

Sorption Dynamics & Partitioning Coefficients 

In broad terms, the likelihood of adsorption of metals to the floc field is (from 

least to most): Cd, Zn, Ni, Pb, As, Cu. Salinity has the clearest influence on 

partitioning. The differences in adsorption for each metal are dependent upon their 

relationship with chloride ions and the degree of chloride complexation, which are 

broadly recognised. The observed trends appear to largely represent the degree of 

chloride complexation reported elsewhere [22] . 

However, there are several instances where changes in Kp do not reflect changes 

in salinity. First, at 0 PSU (Ex. 1) there is an increase in Kp from high to low 

turbulence conditions for each PTM. Under freshwater conditions, where chloride 

complexation is not a factor, adsorption continues over the duration of each 

experiment. This indicates that the evolution of the floc field under different 

turbulence regimes, e.g. re-organisation of floc matrices and breakdown into 

smaller flocs, results in new sorption sites. 

There is also evidence that total surface area is a secondary influence on Kp 

under saline conditions. While Ni, Pb and Zn have consistent Kp values at 15 PSU, 

at 30 PSU Kp increases across τHi to τLow. This is coincident with the reduction in 

SPMC and A, and indicates that, while higher salinity increases sorption in all cases, 

differences in floc characteristics may limit sorption sites. The relative increase in 

Kp for Ni and Pb at 30 PSU is greater than for Zn, which suggests that changes to 

the floc field are less important for Zn, which has a higher speciation percentage 
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(41.2%) than Ni (29.6%) and Pb (22.32%). This is supported by the consistent, 

negligible Kp values under 30 PSU for Cd (96.8%). Copper Kp values decrease under 

15 PSU (Ex. 2) across τHi to τLow, commensurate with its weak chloride complexation 

(1.9%).  

The Kp values for PTMs reported within this research are in line with literature 

values, which themselves vary according to the physico-chemical characteristics of 

the specific estuary. Reported trends of Kp with salinity are consistent with data 

reported here, as are the typical magnitudes of Kp. However, between estuaries 

measured Kp for suspended solids can vary by almost an order of magnitude [4], 

with some of this variation likely to be reflected in the variability in floc behaviour 

caused by changing shear stress observed in these experiments. However without 

detailed information on floc size and settling rates, these assumptions cannot be 

corroborated.  

It is worth noting that Kp values for suspended sediments are generally higher 

than for bed sediment because suspended sediment is typically finer grained (that is 

why it is in suspension) and therefore has a larger specific area and hence greater 

sorption capacity [23]. Consequently, any variation between results reported in this 

study and published Kp values may also be a function of flocculation which dictates 

surface area through modulation of floc size and SPMC.  

Deposition of Particulate PTMs 

PTMSF varies by 2-3 orders of magnitude for each PTM across all 

experimental scenarios. Consequently, deposition rates will vary dramatically in 

response to changing environmental conditions at different spatial locations and 

over tidal cycles within coastal catchments. PTMSF is a function of MSF and the 

concentration of particulate-borne PTMs. MSF is principally a function of SPMC 

and settling velocity, both responsive to flocculation processes. The association of 

PTMs with the suspended sediment is principally a function of salinity. Flocculation 

is a secondary influence, affecting the total surface area of the SPM and promoting 

floc break-down/aggregation which dictate the availability of sorption sites.  

All PTMs exhibit lowest deposition rates in ocean salinities under the lowest 

turbulent conditions, principally due to very low floc mass settling flux. It follows 

that PTM accumulation in coastal sediment will be minimal compared with estuary 

locations. Conversely, particulate-borne PTMs are deposited in greatest amounts in 

freshwater environments (above the tidal limit) that experience moderate to high 

turbulence. We may also anticipate high rates of deposition where tidal intrusion 

generates high turbulence and freshwater/saline stratification. 

CONCLUSION AND RECOMMENDATIONS 

Accurate measurements and/or predictions of PTM transport within cohesive 

catchments rely on a recognition of complex inter-relationships between several 

environmental parameters: salinity, tidally-driven hydrodynamics, sediment supply 

from tidal influx and sediment and freshwater input fluvial sources. We show that 

the ratio of soluble and particulate-borne PTMs exhibits large spatial and temporal 

variation along the transect of an idealised mesotidal estuary. Sorption is positively 
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related to salinity for all PTMs and can be considered the primary influence of 

partitioning. Kp values are within the range of other values determined in estuaries 

and broadly mirror known speciation percentages.  

Changes in the nature of the suspended sediment field are of secondary 

importance to partitioning. In freshwater environments the evolution of the floc 

population in response to changing hydrodynamics results in new sorption sites and 

an increase in Kp. Under saline conditions reductions in the surface area appears to 

limit sorption sites. The effect is greater for PTMs with low speciation. Notably, 

total surface area is dictated by floc size in freshwater but increasingly a function 

of SPMC as salinity increases. 

The settling flux of contaminated sediments varies significantly in response to 

driving variable, with the minimum and maximum variations in PTMSF a factor of 

46 for arsenic and 353 for lead, respectively. It is clear that flocculation needs to be 

accounted for in the accurate prediction of PTM accumulation in cohesive 

environments.  

Physical sampling of water and sediment for PTM contamination is time 

consuming, expensive and subject to error due to significant spatial and temporal 

variation. The characteristics of cohesive flocculated sediments can only be 

obtained by direct sampling of the floc population and non-standard instrumentation 

and analytical techniques. Further, mobility of contaminated sediments is greatest 

during flood tides and under storm conditions which are most difficult to sample.  

Findings will improve our ability to predict and monitor contaminant transport 

from source to sink without resort to physical sampling. The common practices of 

employing gross measures of suspended sediment concentration or average settling 

velocities to calculate deposition rates of sediment-borne pollutants are clearly 

flawed. Partitioning coefficients used to model soluble and particulate PTMs need 

to be dynamically applied to sufficiently account for tidally-driven mixing and 

stratification. Recognition of the spatial and temporal variations in partitioning and 

deposition of PTMs we describe herein will inform industries such as agriculture, 

mining, fisheries, aquaculture & marine engineers on the presence of metal 

contamination, and the impacts of bioavailability of metals in the local aquatic 

environment.  

Results can be incorporated in existing decision making tools, e.g. ‘SeDiChem’ 

(Sediment Disturbance effects on Chemical status) developed by the UK’s 

Environment Agency, to improve accuracy of assessment in flocculated 

environments. Knowledge of PTM partitioning also facilitates the numerical 

modelling of the soluble fraction as a scalar within hydrodynamic models and the 

particulate fraction within sediment transport models, and can be allied with 

increasingly sophisticated parameterisations of flocculated sediments for accurate 

predictions of PTM settling flux. Such predictive capability is relevant to all 

cohesive coastal catchments experiencing PTM pollution, and can be used to model 

short-term changes in PTM dynamics in response to high-flow events or the long-

term accumulation of PTMs in sediment sinks. 
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We also recognise that cohesive sediment provide an excellent substratum for 

microorganism colonization which influence flocculation and sorption processes. 

Flocs are multi-component, being composed of varying proportions and types of 

inorganic and organic particles [24]. Microbial process on and within sediment such 

as colonization, growth, metabolism and detachment vary in time and space and 

will alter both the physical and chemical properties of benthic and suspended 

sediment. This will alter flocculation processes, modulating the settling flux of the 

suspended particulate matter and sorbed PTMs. Further, colloidal material and 

organic ligands may affect sorption and hence partitioning [7] while changes in 

redox conditions will lead to pH changes and oxidation/reduction reactions 

associated with sulphides. These changes will in turn impact of the partitioning of 

metals between the particulate and potentially more bioavailable dissolved phases. 

Future work should examine the influence of organic matter on PTM and organic 

pollutant sorption and partitioning in flocculated environments.  

In addition, organic pollutants (polycyclic aromatic hydrocarbons (PAHs), 

organotins, polybrominated diphenyl ethers) have a characteristically strong 

tendency to adhere to sediment particles, preferentially to organic matter, owing to 

their non-polar, hydrophobic properties [25]. This study offers a framework to 

elucidate the influence of flocculation on their transport pathways. 
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ABSTRACT 

The study of water circulation and thermohaline processes in the coastal zones 

of the seas and oceans, subjected to the most intense anthropogenic press, is an 

important problem of modern Oceanology. According to experimental and 

theoretical researches the coastal water areas of the Black Sea are dynamically 

active regions, where intensive generation of mesoscale and submesoscale eddies 

takes place. Such eddies make a significant contribution to the horizontal and 

vertical transport of different polluting substances, heat, momentum, etc. Therefore, 

the modeling and study of main peculiarities of variability of regional dynamic 

processes is of great scientific and practical interest.  

The goal of this study is to investigate numerically the structure and spatial –

temporal distribution of the sea flow and thermohaline fields taking place during 

the period 2017-2019 in the easternmost part of the Black Sea, which is limited 

from the open part of the sea basin with liquid boundary coinciding 39.080E. With 

this purpose a high-resolution numerical regional model of the Black Sea dynamics 

of M. Nodia Institute of Geophysics of I. Javakhishvili Tbilisi State University 

(RM-IG) is used. The RM-IG is nested in the basin-scale model of the Black Sea 

dynamics of Marine Hydrophysical Institute (Sevastopol) and is based on a 

primitive system of ocean hydrothermodynamics equations. The RM-IG uses a 

calculated grid having 215x347 points on horizons with 1 km spatial resolution.  

Results of researches presented in the paper show significant variability of the 

regional dynamic processes in the easternmost water area during 2017-2019, where 

continuously generation, deformation and disappearance of the cyclonic and 

anticyclonic vortex formations of difference sizes takes place.       

Keywords: Dynamic processes, current field, nesting modeling, anticyclonic 

eddy, satellite data      

INTRODUCTION 

The study of the structure and evolution of mesoscale and submesoscale eddies, 

which are permanently generated in the coastal waters of the Black Sea [1], [2], [3], 

[4], [5], [6], [7] is one of the main issues of the Black Sea Oceanography. Coastal 

circulation determines many coastal processes, such as spreading of different 
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substances of anthropogenic and natural origin, spatial-temporal distribution of 

temperature and salinity fields, to which  many marine living organisms are very 

sensitive, etc. 

Understanding the Black Sea circulation has significantly increased since 

1990s as a result of in-situ and satellite observations and high-resolution numerical 

modeling [8], [9], [10]. Based on these studies, a more perfect scheme of the Black 

Sea basin-scale circulation is created, the main elements of which are the Rim 

Current, large-scale interior cyclonic gyres in the eastern and western parts of the 

sea basin, and a series of quasi-stable coastal anticyclonic eddies between the Rim 

Current and the shoreline. the schematic picture of the averaged Black Sea basin-

scale surface circulation, presented in [8], [10] does not reflect coastal processes 

accompanied by mesoscale and submesoscale eddies. In this picture the easternmost 

part of the Black Sea is only represented by the Batumi anticyclonic eddy which 

covers almost the entire easternmost water area. The studies conducted in [6], [7] 

show that in addition to the Batumi eddy, the easternmost part of the Black Sea is 

characterized with formation and evolution of numerous vortex structures with 

various sizes.   

The purpose of this paper is to investigate numerically the structure and spatial 

–temporal distribution of sea currents and thermohaline fields taking place during 

the period 2017-2019 in the easternmost part of the Black Sea, which is limited 

from the open part of the sea basin with liquid boundary coinciding 39.080E. With 

this purpose a high-resolution numerical regional model of the Black Sea dynamics 

of M. Nodia Institute of Geophysics of I. Javakhishvili Tbilisi State University 

(RM-IG) is used. The RM-IG is obtained by adaptation of the basin-scale model of 

the Black Sea dynamics [11] to the easternmost part of the sea basin and is nested 

in the basin-scale model of the Black Sea dynamics of Marine Hydrophysical 

Institute (Sevastopol). The RM-IG is the core of the regional forecasting system for 

the easternmost part of the Black Sea. The regional forecasting system is one of the 

components of the Black Sea basin-scale nowcasting/forecasting system [12].   

MODEL DESCRIPTION 

The RM-IG is based on a primitive equation system of ocean 

hydrothermodynamics and takes into account nonstationary atmospheric forcing, 

sea bottom relief and configuration of the sea basin, absorption of solar radiation by 

the sea upper layer, spatial-temporal variability of horizontal and vertical turbulent 

exchange, runoff of main rivers of Georgia, impact of basin-scale processes on 

regional processes. 

The system of model equations written in the Cartesian coordinate system has 

the following form (the axis x is directed eastward, y – northward, z – from a sea 

surface vertically downwards) 

  

(1) 
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Here u, v, and w are the components of a current velocity along axes x, y, z, 

respectively;                         - deviations of pressure, density, temperature and 

salinity from their standard vertical distribution                     ;   l = l0 +β.y– the 

Coriolis parameter; g, c, ρ0 – the gravitational acceleration, the specific heat 

capacity of sea water and average density of seawater, respectively; I0 – the total 

radiation flux at z = 0 determined by the Albrecht formula; A – albedo of a sea 

surface; η – the factor which takes into account influence of a cloudiness on a total 

radiation and depends upon a ball of cloudiness; α – the parameter of absorption of 

short-wave radiation by seawater. The last two terms on the right-hand side of 

equations (1) - (4) are the terms of horizontal and vertical viscosity and diffusion of 

heat and salts, respectively, which have the form 

                                                                                  φ = {u, v, T’, S’}, 

where μu,v and νu,v are the horizontal and vertical turbulent viscosity 

coefficients, μT,S and νT,S - coefficients of horizontal and vertical turbulent diffusion 

for heat and salts. 

The coefficients of turbulent horizontal and vertical viscosity and diffusion are 

calculated by the same formulas that were used in [6], [7]. The sea surface is 

considered as a rigid surface, where Neumann conditions are used by given wind 

stress components, heat fluxes and precipitation minus evaporation, which are 

provided from atmospheric model SKIRON. On the sea bottom the velocity 
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components, heat and salt fluxes are equal to zero. On the solid lateral surfaces 

components of the current velocity, gradients of temperature and salinity normal to 

the lateral surface are equal to zero. At the western liquid boundary and river mouths 

Dirichlet’s boundary conditions for velocity components, temperature and salinity 

are used.  

To solve the model equation system (1) - (6), the two-cycle splitting method is 

used with respect to both physical processes, coordinate lines, and vertical planes 

[13]. 

All input data required for the initial and boundary conditions are provided 

from Marine Hydrophysical Institute via Internet in the near-operational mode. 

RESULTS AND DISCUSIONS 

The RM-IG is realized with use of calculated grid having 215x347 points on 

horizons. On a vertical the non-uniform grid with 30 calculated levels are 

considered. The time step is equal to  0.5 h.  

The model was validated in 2005, when the pilot experiment on the functioning 

of the Black Sea operative Nowcasting/Forecasting system was carried out for the 

first time for the Black Sea. Further, the simulated and forecasted results were 

compared with available observational data  - satellite SST (sea surface 

temperature) derived from NOAA satellites 

(http://dvs.net.ru/mp/data/201806bs_sst.shtml) and the Geostrophyc currents 

reconstructed on the basis of satellite altimeter data. These comparisons have shown 

the ability of the RM–IG to reliably predict hydrophysical fields in the easternmost 

coastal zone of the Black Sea. 
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(a) 

 

(b) 

 
(c) 

 

(d) 

 
Fig.1. Simulated surface current fields in 2017, 00:00 GMT. (a) – 4 January, (b) - 

8 April,  (c) – 9 August, (d) – 22 September. 

Numerical experiments performed on the basis of the RM-IG showed that 

surface regional circulation patterns for 2017-2019 are characterized with diversity 

of circulation modes in the easternmost water area. There are observed significant 

seasonal and interannual variability of dynamic fields. In the same seasons the main 

peculiarities  of the circulation regimes can significantly differ from each other for 

different years. Nonstationary atmospheric forcing is the most important factor 

providing variety of hydrophysical fields. In Figs. 1-3 some simulated regional 

circulation patterns for 2017-2019 are presented illustrating the variety of the 

regional circulation in the Black Sea easternmost water area. 

The winters of 2017 and 2019 were characterized, generally, with cyclonic 

rotations of coastal waters (Figs.1a and 3a), on the background of which formation 

of some cyclonic and anticyclonic eddies is observed. For example, from Fig.1a is 
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visible that on 4 January 2017 anticyclonic eddy is observed in water area between 

Trabzon and Rize with diameter about 25 km. some submesoscale eddies with 

diameter about 5-10 km are forming in the narrow zone along Georgian shoreline, 

which are very unstable formations and break up in a few days. Some small eddy 

formations along the Caucasus shoreline are observed very often in all seasons [2], 

[3], [6]. 

Fig.2. Simulated surface current fields in 2018, 00:00 GMT. (a) – 13 February, (b) 

- 22 May,  (c) – 14June, (d) – 4 December. 

The 2018 winter circulation did not have a general cyclonic character and 

anticyclonic eddies often prevailed. Fig.2a illustrates regional circulation on 13 

February 2018, where several anticyclonic eddies are dominated (Fig.2a). 

 (a) 

 
 

(b) 

 

(c) 

 
 

(d) 
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The main element of summer regional circulations in 2017 and 2019 were 

anticyclonic eddy (so called Batumy eddy) (Figs. 1c and 3c), which is well-known 

in this region of the Black Sea in warm period [2], [8]. The main feature of the 

summer circulation in 2018 was that the Batumi eddy was practically absent during 

the summer season and regional circulation had vortex structure with formation of 

separate eddies with small sizes (Fig3c).The other feature was that in August 2018 

the eastern brunch of the Rim Current was passing near the Georgian shoreline. It 

should be noted that usually the Rim Current passes far from the Georgian Black 

Sea area, especially in summer season [2].  

Fig.3. Simulated surface current fields in 2019, 00:00 GMT. (a) – 28 January, (b) 

12 May,  (c) – 10 August, (d) – 29 October. 

Temperature and salinity fields, which are important factors for marine 

organisms, underwent significant variability. In the formation of the temperature 

field, the sea-atmosphere heat interaction is very important. The seasonal nature of 

(a) 

 

(b) 

 

(c) 

 

(d) 
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these interaction results in a quantitative and qualitative change in the temperature 

field. 

The sea circulation structure significantly determines the peculiarities of the 

salinity field distribution. The upward and downward currents formed in the central 

part of the cyclonic and anticyclonic eddies provide high salinity waters in the 

cyclone centers and relatively low salinity waters in the anticyclone centers. To 

illustrate, Fig. 4 shows the calculated temperature and salinity fields corresponding 

to 12 May 2019. 

Fig.4. Simulated SST (a) and salinity field (b) on z = 20 m (b) at 12 May 2019, 

00:00 GMT. 

CONCLUSION 

Numerical experiments on modelling and predicting dynamic fields in the 

easternmost part of the Black Sea were carried out on the basis of RM-IG, which 

reproduces 3D hydrophysical fields with a spatial resolution of 1 km. The RM-IG, 

which is a core of the easternmost Black Sea regional marine forecasting system, is 

based on the solution of a primitive system of the ocean hydrothermodynamics 

equations written in the Cartesian coordinate system for deviations of 

thermodynamic variables from mean climatic values. 

The present study shows that circulation processes in the Georgian Black Sea 

coastal zone and surrounding water area in 2017-2019 were characterized with 

intense mesoscale and submesoscale vortex formations. In some time periods in this 

zone a dipole structure “cyclone-anticyclone“ is formed (Fig.3b), as well as more 

complex structures of vortex formations, which significantly affect the distribution 

of thermohaline fields. The cold season of 2017 and 2019 was characterized by the 

predominance of cyclonic circulation, the warm season - by anticyclonic 

circulation. In  winter 2018 anticyclonic eddies often prevailed. 

(a) 

 
 

(b) 
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ABSTRACT 

The research material was a strongly alkaline solution containing germanium, 

lead, arsenic, zinc and trace amounts of other metals, obtained by leaching of 

industrial material. This study aimed to determine the behavior of the above metals 

in the precipitation process using various acidic agents: HCl, H2SO4, C2H2O4, 

C6H8O7. The tests were carried out in a wide pH range. The behavior and role of 

individual ions during the acidification of germanate solution is poorly understood, 

hence the study of this subject was undertaken. 

The resulting precipitates and solutions were examined by XRF, XRD and ICP 

techniques. The recovery yields of individual elements was determined. Attempts 

were also made to precipitate Ge from a synthetic solution in order to compare the 

results obtained for the solution of an industrial solution. 

This research shows that the presence of other ions interferes with the selective 

recovery of Ge from research solutions. Generally, it can be said that the method of 

recovery by acidification is effective at low concentrations of the solution's 

components. 

Keywords: germanium recovery, heavy metals metallurgy, hydrometallurgy 

INTRODUCTION 

Recovery of germanium (Ge) from solution depends on the chemical form in 

which germanium is. Most often, Ge is recovered by acid leaching and precipitation 

[1], [2], [3], [4], solvent extraction [5], [6] or by the distillation of GeCl4 [7], [8], 

[9]. Much less often, recovery occurs from alkaline solutions [1], [7], [10], [11] and 

due to the fact that more valuable reagents (concentrated caustic soda) are required 

and technological conditions are more difficult (high temperature process, high 

viscosity of solution etc.). 

Precipitation of Ge from alkaline solutions can be carried out by acidifation, 

according to EH-pH diagram of Ge-Na-H2O system [12]. Another method of Ge 

recovery is using of magnesium salts to form germanates [1], [10], [13], [14]. In 

recycling processes, almost always Ge is accompanied by other elements, especially 

silicon, arsenic, heavy and rare metals. The presence of other elements may turn out 

to be crucial. Arsenic is such an element that should be avoided due to co-distillation 

with GeCl4 during refining by distillation. Silicon and lead are chemically similar 

to Ge and also undergo alkaline leaching, which explain their co-occurrence. 
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OBJECTIVES 

The objective of this study was to investigate the recovery of germanium, in 

accompaniment of other elements, from an alkaline solution by changing pH 

(acidification). The chemical composition of the experiment’s products was 

examined. The recovery yields were determined. It was verified whether the above 

tests are comparable to recovery from a synthetic solution. 

EXPERIMENTAL AND MATERIALS 

The research material was an industrial strongly alkaline (pH approx. 14) 

sodium hydroxide solution containing Ge, Pb, As, Zn and others elements. The 

recovery proceeded using either acids: sulfuric (H2SO4), hydrochloric (HCl), citric 

(C6H8O7) and oxalic (C2H2O4). The precipitation was carried out in the following 

order:  

1. 40 ml of the solution was stirred at 200 rpm and the acid was added via a 

dropping funnel until the given pH was reached;  

2. after 15 min the pH value was read;  

3. gravity filtration was performed, the precipitate was rinsed and then dried in 

air for 24 h. 

Recovery tests was carried out in 250 ml beakers (BOMEX glasses). 

Quantitative medium filters (EUROCHEM, Poland) were used for filtration. 

Reaction products were rinsed with distilled water or 80% ethanol (in the case of 

precipitates obtained using C2H2O4, to prevent the chromatography effect) using 

approx. 200 ml rinsing medium. 

Experiments were carried out on a magnetic stirrer with a heating plate – LGG-

uniSTIRRER7. The parameter characterizing precipitation with acids is pH of the 

solution. pH values were recorded with an ELMTRON CX-741 multimeter. The 

pehameter (pH-electrode type ERH-13-6, Hydromet, Poland) was calibrated with 

buffers (Hamilton Duracal). Each solid product was analyzed quantitative by 

energy disperse X-ray fluorescence technique (ED-XRF, MiniPal4 PANalytical), 

and qualitative by X-ray powder diffraction analysis (XRD, Rigaku MiniFlex II). 

Also additional analyses were performed: inductively coupled plasma – mass 

spectroscopy (ICP-MS, ELAN 6100 Perkin Elmer) and thermogravimetry (TGA, 

SDT Q600 TA Instruments) – for C2H2O4 and C6H8O7. Results from these analyses 

allowed the characterization of products and calculation of the recovery yields (ηx): 

𝜂𝑋 =
(𝑚𝜏−𝑚𝑅)∙

𝑐𝑋,𝜏
100

𝑉0∙𝐶𝑋,0
∙ 100%       (1) 

where: V0 – initial volume of solution [ml]; CX,0 - initial concentration of X in 

solution [g·ml-1]; mτ – solid product mass [g]; mR – mass of acid moiety in solid 

product [g]; cX,τ – concentration of X in solid product [wt.%]; concentrations of X 

in solutions were determined by ICP-MS and in solid products by EDXRF; X is Na, 

S, Cl, Fe, Ni, Cu, Zn, Ga, Ge, As, Ag, In, Sn or Pb; mass of acid moiety were 

determined by TGA (applies of cases of precipitation with using organic acids). 
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For the preparation of acids solutions were used 95% H2SO4, 35÷39% HCl, 

C6H8O7·H2O (p.a., Avantor, Poland) and distilled water (κ=0,07±0,01 µS·cm-1); 

oxalic acid (p.a. C2H2O4·2H2O, Avantor) was in the form of alcoholic solution (the 

solvent was an 80% ethanol which prepared from 99.8% C2H2O5, p.a., Chempur, 

Poland). 

Tests on synthetic solution (SS) proceeded similarly to experiments on an 

industrial solution (IS) with using acids. The SS was obtained by alkaline leaching 

with a sodium hydroxide solution of the synthetic mixture. This mixture consisted 

of the following compounds: calcined Scheele’s Green (50.20 wt.% CuO, 44.9 

wt.% As2O3, at 4000C for 1 h), In2O3 obtained from metallic In by oxidation in air 

(9500C, 10 h), Fe2O3, CuO, ZnO, GeO2, Ag, SnO, PbO (all of the above were p.a., 

Avantor) in such proportions that the final composition of the SS is approximate to 

the IS. 

RESULTS AND DISCUSSION 

Comparing the chemical compositions of IS and SS (Tab. 1), it can be seen that 

Na, Sn and Pb contents are comparable in both solutions, while the other 

components are not. In SS , there is more Ni, Cu and Zn, but less Ge and As. It 

follows that the composition of the synthetic mixture does not correspond the 

composition of the industrial material, in which these components are not just in the 

oxides form, but in other, difficult leachable in alkali. In2O3 and Ag do not leach 

out. 

Table 1. Compositions of IS and SS, ICP-MS analysis, components calculated as 

oxides 

 
Na2O NiO CuO ZnO Ga2O3 GeO2 As2O3 SnO PbO other 

wt.% 

IS 28.7 0.081 0.257 1.037 0.009 3.47 3.77 0.24 58.3 4.14 

SS 26.2 3.375 1.074 6.472 0.000 2.01 1.31 0.34 56.1 3.12 

Depending of the chemical agent used for recovery studies, the phase 

composition of the resulting solid was different. In case of using H2SO4 (Fig. 1), 

co-precipitation of Pb5(GeO4)2(SO4) and NaPb(AsO4)3 takes place in the pH range 

10.71-7.20, and also additionally Na2GeO3 at pH 9.39 and 7.20. Na2GeO3 phase 

disappears at a pH below 7.20. Precipitates obtained at pH 5.69 and 4.79 consist 

Pb5(GeO4)2(SO4) and PbSO4, while below pH 4.79 practically only PbSO4. 

Precipitation with using HCl (Fig. 2) causes the appearance of Pb5(AsO4)3Cl phase 

in the whole pH range. In addition, the Pb5Ge3O11 phase is present at pH range 

10.91-7.22. PbCl2 phase is recorded for pH 5.91 and 4.93 (several reflexes in the 

range of 2θ from 23 to 41 deg). Using C6H8O7 (Fig. 3) is obtained precipitates 

composed of the following phases: Pb5Ge3O11, NaPb4(AsO4)3 and Pb5(AsO4)3OH. 

Below pH 5.73 no precipitates are received. The use of C2H2O4 (Fig. 4) causes the 

precipitation of oxalate salts: C2Na2O4 (alkali neutralization) in the whole pH range, 

as well as C2PbO4 (form plumbates) below pH 7.56. For pH=2.07, C2Na2O4 phase 

disappears and C2HNaO4∙H2O phase appears. 
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Fig. 1. XRD patterns of precipitates obtained by using H2SO4 at different pH 

 
Fig. 2. XRD patterns of precipitates obtained by using HCl at different pH 
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Fig. 3. XRD patterns of precipitates obtained by using C6H8O7 at different pH 

Fig. 5-8 show recovery yield results for H2SO4, HCl, C6H8O7 and C2H2O4, 

respectively. In all cases, the following trends can be noticed: - the highest recovery 

yields of Ge is received at the highest pH values, and as the pH decreased, the 

recovery yield also decreases; - the yield of Pb is constant at the same level 

regardless of pH (in the case of HCl it slightly decreases with decrease in pH; expect 

for C6H8O7, when the precipitate completely dissolves at the lowest pH). In 

addition, for H2SO4, HCl and C5H8O7, ηZn has a similar trend as ηGe - also decrease 

as the pH decrease. For HCl, ηAs is kept constant regardless of the pH (expect for 

pH=10.91, when it reaches the maximum). Recovery of Ga is noted for H2SO4 and 

HCl, with best results reached at low pH (pH=3.64 for H2SO4 and pH=4.93-3.60 

for HCl). The highest ηGe is noted for C2H2O4 in the pH range 10.58-9.56 and is 

more than 60%, to decrease significantly to a dozen % as the pH decreases; for other 

acids, ηGe are also achieved at the highest pH and amount 25-35%. Generally, it is 

not possible to selective separation of Ge from other elements by precipitation by 

changing the pH. For C2H2O4, ηAs is kept constant (40-45%) for pH range 10.58-

7.56 and decrease linearly to several % for pH below 5.78. 
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Fig. 4. XRD patterns of precipitates obtained by using C2H2O4 at different pH 

 
Fig. 5. Effect of pH value on recovery yield resulting from the use H2SO4 

Comparison of recovery yields for industrial and synthetic solutions was made 

for H2SO4, HCl and C6H8O7 (Fig. 9, 10 and 11, respectively). Contents of Pb in both 

solutions were at similar level, so recovery yields should also be at a similar level 

at the same pH. Indeed, the absolute differences between ηPb,IS and ηPb,SS values are 

barely a few percentage points. While the content of Zn in SS was much higher than 

in IS, hence ηZn,SS should be lower than the corresponding ηZn,IS. Contrary to 

expectation, it doesn't happen, while the ηZn values for IS and SS are similar (in the 

case of H2SO4, the absolute difference are slightly larger and are 3-6%). Due to the 

lower contents of Ge and As in SS, higher recovery yields of these elements for SS 

can be expected. This representation can be found in each case. The discrepancies 

between ηAs,IS and ηAs,SS are significant and amount to dozen-tens percentage points; 

only for H2SO4 at pH about 1.90 these values are at a similar level. For each acid, 

the differences between ηGe,IS and ηGe,SS are also significant, but decrease as the pH 

decreases. Generally, comparing the results of recovery yields of Ge and As for 

both solutions, it can be noticed that the lower the element concentration, the higher 
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the recovery yield. Thus, solutions with low elements concentrations or diluted are 

suitable for recovery. 

 
Fig. 6. Effect of pH value on recovery yield resulting from the use HCl 

 
Fig. 7. Effect of pH value on recovery yield resulting from the use C6H8O7 

 
Fig. 8. Effect of pH value on recovery yield resulting from the use C2H2O4 
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Fig. 9. Comparison of recovery yields for industrial and synthetic solutions, 

H2SO4 

 
Fig. 10. Comparison of recovery yields for industrial and synthetic solutions, HCl 

 
Fig. 11. Comparison of recovery yields for industrial and synthetic solutions, 

C6H8O7 

CONCLUSION 

Germanium recovery process from an alkaline solution, which also contains 

other elements, especially heavy metal ions: Pb, As, Zn and other, by acidification 

is not the most effective method. This is because it does not allow for the selective 

recovery of germanium. However, it allows preparation of different phases 
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depending on the acid, which was used and final pH of the solution. The higher the 

pH value, the recovery yield of germanium is higher. The highest recovery yield of 

germanium was received using oxalic acid, at pH 10.9-9.5, achieving a result of 

over 60%. Sulfuric and hydrochloric acids cause co-precipitation of gallium at low 

pH (approx. 3.6-4) which can be taken into account when considering the recovery 

of this element. Both industrial and synthetic solutions can be used for investigation. 

Comparing recovery yields received from industrial and synthetic solutions, it can 

be concluded that a lower concentration of germanium in solution results in a higher 

value of recovery yield. 
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ABSTRACT 

Electricity production has the greatest impact on socio-economic development 

in Romania. However, it is also responsible for the cumulative (often negative) 

environmental effects. In order to meet the energy demand, while achieving the 

Energy and Climate Change goals, Renewable Energy has become an important 

alternative, especially during 2010-2013 period when substantial funding has been 

allocated. Renewable energy sources available in Romania (hydro, solar, 

geothermal, wind and biomass) have the capacity to reduce greenhouse gases and 

improve population health by producing energy without using fossil fuels. The 

current study focuses on the examination of the environmental and socio-economic 

impact of photovoltaic (PV) energy in the West Development Region (WDR). The 

area is located in the western part of Romania, covering 32,028 km2 (13.4% of the 

country's surface) and gathering 1,828 million inhabitants (9.4% of the country's 

population). It includes four counties: Timiș, Arad, Caraş-Severin and Hunedoara. 

For the current study, 35 photovoltaic parks were identified, mapped and analysed, 

based on which several indicators were computed in order to highlight the 

environmental and socio-economic consequences: share of PV parks/land use 

category/main soil type; distance to forests, waters, Natura 2000; no. of jobs created 

during the construction/operation of the PV parks; the value of PV parks 

investment; the impact on the local budget. The total analyzed area covers 177.76 

ha. 

Keywords: photovoltaic (PV) parks, environmental impact, socio-economic 

impact, West Development Region (WDR), Romania 

INTRODUCTION 

Nowadays, energy consumption is a key component of the economic 

development of countries worldwide. The ever-expanding energy demand is linked 

with the increase in the living standards of the population, but also with the 

economic expansion of some developing countries [1]. All of these put pressure on 

the efficient use of energy resources, but especially on the search for alternative 
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solutions for energy production. In addition, the exploitation of conventional energy 

resources (coal, oil) involves the production of a significant amount of polluting 

gases, i.e. greenhouse gases (e.g. CO2, SO2, NOx) that affect the long-term health 

of the Earth's population and ecosystems through the pollution of water, soil, air or 

the caused greenhouse effect. However, the energy produced globally through the 

use of fossil fuels has a high share (over 80%), differing greatly from one region to 

another (over 95% in the Middle East and about 70% in Central and South 

America), according to the Statistical review of World Energy, 20191. In Romania, 

the primary energy consumed was based on the following types of fuel: oil (0.45 

exajoules), natural gas (0.39 exajoules), coal (0.19 exajoules), nuclear energy (0.10 

exajoules), hydropower (0.14 exajoules), and other renewable energy sources (0.10 

exajoules)1.  

It is estimated that the energy produced from fossil fuels will reach its peak in 

the next 10 years [2], and this will happen rather because of the increasing 

application at national level of policies that reduce pollution, than of geological 

reasons [3]. Currently there are alternative solutions for energy production which 

involves: hydropower, biomass, geothermal energy, wind energy, solar energy 

(captured using photovoltaic panels). Of the renewable energies, the largest amount 

of energy worldwide is produced by the wind energy (1250 Terawatt-hours) 

followed by the solar energy (750 Terawatt-hours) https://www.bp.com/content 

/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-

review/bp-stats-review-2019-full-report.pdf. However, the use of renewable 

resources for energy production has some negative effects on the environment i.e. 

water accumulations behind hydropower dams alter the ecosystems, the location of 

wind farms or photovoltaic panels occupies significant areas that sometimes involve 

the conversion of productive agricultural land (see [4], [5]). In terms of 

environmental impact, there are studies that have analyzed the negative effects on 

biodiversity [6], [7], protected natural areas [8], [9], the sensitivity of ecosystems to 

changes etc. 

As [10] pointed out, solar energy technologies involve, first of all, the emission 

of a small amount of pollutants in air and water (e.g. CO2, SO2, NOx). Solar energy 

production is currently the most expensive renewable energy [11]. The positive 

socio-economic effects include increasing the energy independence of the area 

where such technologies are located [12]. The use of photovoltaic technology is 

driven by the application of European policies on reducing the carbon footprint [13]. 

The European Union has planned for 2030 a share of renewable energy of 32% in 

total energy production. Romania, through the Energy Strategy, aligns with 

European policies on renewable energy, including the ways in which community 

objectives can be achieved [8], [9].  

The analysis of the climatic potential for energy production in different regions 

of Romania has been the subject of numerous studies [14], [15], [16]. As solar farms 

will continue to develop in Romania, integrated regional studies are needed to 

investigate the socio-economic and environmental impact of photovoltaic parks. 

The environmental impact of photovoltaic parks is different, depending on their 

location. For example, a forest area will be differently affected by the impact of PV 

parks compared to a steppe area. In line of the above, the current analysis will focus 
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on the socio-economic and environmental impacts of PV parks in the West 

Development Region (WDR) in relation to the diversity of natural and human-made 

conditions.  

STUDY AREA 

The WDR is located in the western part of Romania close to the border with 

Hungary and Serbia (to the west and southwest). The area is covering 32,028 km2 

(13.4% of the country's surface) and gathering 1,828 million inhabitants (9.4% of 

the country's population). It includes four counties: Timiș, Arad, Caraş-Severin and 

Hunedoara. The relief forms are rather varied, the eastern part is mountainous, and 

the west corresponds to fertile plains with a high agricultural potential and a 

discontinuous strip of Piedmont hills [17]. 

Between 2013 and 2018, 35 photovoltaic parks were built with areas ranging 

from 1.13 to 41.85 ha. The distribution of PV parks is uneven at county level, but 

closely related to the sunshine duration, as revealed by the slopes exposure which 

shows a positive correlation (the longer the sunshine duration, the larger the number 

of PV parks) and, especially, the relief configuration (Fig. 1). In the study area, 12% 

of the photovoltaic parks in Romania are concentrated making it the 5th 

development region by the number of PV parks. The main reason is the favourable 

sunshine duration of 2200 hours per year, being the second region in the country 

registering such high values, after the Romanian Plain [8], [9]. 

 
Figure 1. Sunshine duration (A) and slopes exposure (B) in WDR 

More than half of the photovoltaic parks (65.7%) were built in Timiș County, 

followed by Arad (28.6%), Caraș-Severin (2.9%) and Hunedoara (2.9%) counties. 

The first two counties overlap the hill and plain relief forms, while the next two 

belong to the rugged mountainous relief, which cannot be exploited in order to 

develop PV solar energy.  

The WDR overlaps with three main relief forms: plain (Western Plain), hill 

(Western Hills) and mountainous (parts of the Southern and Western Carpathians). 

Of these, most plants were built in the Western Plain (85.7%) driven by the relief 

conditions and the sunshine duration which are optimal for the development of this 

type of renewable energy. The Western Hills and the Western Carpathians 

concentrate a small part of the parks (8.6% and 5.7%, respectively), due to the 

rugged terrain, the short sunshine duration, but also the high costs involved in a 
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construction in such areas. In terms of covered surfaces, 68.5% of the power plants 

have areas below 5 ha and only 5.7% exceed 10 ha (Fig. 2). 

 
Figure 2. PV parks distribution on relief units (A) and distribution and surfaces at 

county level (B) 

DATA SOURCES AND METHODS 

The information used for the current analysis is both quantitative (statistical, 

spatial data) and qualitative, i.e. data obtained during field surveys (questionnaires 

and interviews) which, combined, helped us to understand the impact that 

photovoltaic parks have on socio-economic and environmental components. 

The first step was to extract PV fields from satellite images (Landsat 7 ETM 

and Landsat 8 OLI, 2018) and the resulting spatial data was correlated and 

completed with the records provided by the Romanian Transmission and System 

Operator (TSO) Transelectrica. Subsequently, in order to highlight the potential 

negative effects on the environment, the following indicators were analyzed: the 

share of PV farms of each land use/cover category (based on CORINE Land Cover 

2012 and 2018); distance to forests, protected areas (Natura 2000), waters and share 

of PV farms of main soil types. The last step was to assess the social and economic 

impact in relation to the development of photovoltaic energy in the WDR. The data 

sources used were imposed by and adapted to the diversity of the social and 

economic effects of solar projects. Thus, the data sources were identified county 

and local levels (e.g. County Statistics Offices, County Environment Protection 

Agency, and mayoralties) but also at national level (e.g. National Institute of 

Statistics and the National Regulatory Authority for Energy). The territorial 

concentration of photovoltaic farms helped us valorise the regional and local 

specificities of PV parks, enriching and completing the official and statistical data 

by field investigations (carried out in the summers of 2019 and 2020). Also, the 

information obtained from field investigations was completed by other, resulted 

from a detailed research on the web pages of companies/investors in this type of 

renewable energy. The interviews and internet research, as main methods used in 

this study, were focused on four issues: (i) land use/cover changes, (ii) investments 

& new created jobs and (iii) consequences for the local budget (types of taxes). 
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RESULTS AND DISCUSSIONS 

The environmental impacts of PV parks. In Romania, in the plain and hill 

areas, photovoltaic parks were built on areas with high agricultural productivity [8], 

[9]. In terms of distribution on soil types, in the WDR only 43% of the PV parks 

have replaced high fertility lands (mollisols and alluvial soils), the rest being built 

on low fertile or infertile lands (cambisols, halomorphic soils, truncated 

uncultivated soils) or for which additional investments are needed in order to 

perform drainage works in order to acquire agricultural value (hydromorphic soils) 

(Fig. 3). 

 
Figure 3. PV parks distribution on main soil types in WDR (A) and at county level 

(B) 

The WDR covers an area with various water bodies or hydrographical 

resources. Over of 51% of the photovoltaic parks are positioned at a distance of less 

than 1 km from watercourses, of which 31% only in Timiș County. 74% of PV parks 

are located at distances under 2 km. Under these conditions, the existence of 

groundwater at a high level and the use of herbicides by the maintenance companies 

in order to stop the growth of vegetation that leads to shading of photovoltaic cells, 

can become a significant environmental problem for the watercourses. 

 
Figure 4. Distance of PV parks to water bodies in WDR (A) and at county level 

(B) 

0 5 10 15 20 25

Arad

Caraș-
Severin

Hunedoara

Timiș

Cambisoils

Clay-alluvial

Halomorphic soil

Hydromorphic soils

Mollisols

Uncultivated 
truncated soils

No.

0 5 10 15 20 25

Arad

Caraș-Severin

Hunedoara

Timiș

< 1 km

1 - 2 km

2 - 3 km

3 - 4.4 km
No.



 

136 

The distance to natural protected areas (including Natura 2000 sites and 

forests) involves multiple variables that must be taken into account in conducting 

environmental impact studies. Habitat destruction or fragmentation, the side effect 

(with a direct impact on wildlife - feeding mode, movement within the habitat, 

reproduction, etc.) and infiltration of substances for cleaning or removal of 

unwanted vegetation are the result of uncontrolled anthropogenic expansion. 

In the study area, 60% of the photovoltaic parks are built at a distance of less 

than 5 km from the protected natural areas, and 20% of them at a distance of less 

than 1 km. In the case of forests, 31% of the parks were built at a distance of less 

than 1 km, and 66% at less than 3 km. 

 
Figure 5. Distance of PV parks to Natura 2000 sites in WDR (A) and at county 

level (B) 

Unlike other development regions where the distance to the natural areas 

increased over the years, in the West Development region, in 2013, 36% PV parks 

were built at a distance of more than 5 km, and in 2015-2016 only 16 % exceeded 

the 5 km threshold for Natura 2000 sites. For example, in 2015, Băile Herculane 

Local Council invested 4 million euro in a photovoltaic park located just 7 m from 

the SCI Domogled - Valea Cernei. 

 
Figure 6. Distance of PV parks to forests in WDR (A) and at county level (B) 

Proximity to national or county roads is an important factor that investors take 

into account for the easy access of equipment, which is supported by the fact that 

most of the photovoltaic parks were built at a distance of less than 500 m from of 

an access road (57%), and 74% of them are less than 1 km away. On the other hand, 
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the easement roads that reach up to 6 km (in the case of 11% of the parks in Timiș 

County) contribute to the fragmentation of habitats and to the decommissioning of 

potentially productive areas from an agricultural point of view. 

The distance to settlements is less than 1 km in 48.6% of cases and less than 2 

km in the case of 77% of photovoltaic parks, depending on the relief configuration. 

Thus, in the Western Carpathians and in the Western Hills the parks are built much 

closer to the localities, compared to those built in the Western Plain, where both the 

relief and the duration of the sunshine allow their development. 

 
Figure 7. Distance of PV parks to national roads in WDR (A) and at county level 

(B) 

The smaller the parks are located at a distance from a settlement and, implicitly, 

from a national or county road, the lower the impact on the environmental 

components caused by investments in access infrastructure (Fig. 8). Also, from a 

technical and economic point of view, it is more useful for the photovoltaic parks 

to be located in the immediate vicinity of the localities, as close as possible to the 

places of consumption and/or the electricity network because long-distance 

transport implies distribution losses. 

 
Figure 8. Distance of PV parks to settlements in WDR (A) and at county level (B) 
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The exploration of the socio-economic impact follows the aspects linked to 

investments in local rural economies, land/cover changes and the loss of farmland; 

very few jobs opportunities and positive effects on the local budget. 

The analysis of investments in local rural economies was difficult to make 

because of the lack of data at local level, only in the cases of five PV parks being 

identified the values of investments. As other similar research experience show (i.e. 

[18]), this deficiency is caused by the very low level of investments, information 

about this type of investment being difficult to be identified in local or regional 

newspapers or on internet. Thus, form these PV parks, a total of 34 million Euros 

were summarised, the largest park in the WDR requiring an investment of 23 

million Euros (Romanian company - S.C. DELTA & ZETA ENERGY SRL), in the 

Western Hills (Arad County).  

The dimensions of investments are related to the installed capacity of PV power 

plants. So, considering the low level of investment in the majority of WDR’s PV 

parks, we highlight that the installed capacity is predominantly low, 88.6% of them 

registering up to 3 MW/PV park and 57% below 2 MW/PV park. The most 

important investment above mentioned presumed the largest photovoltaic park: 42 

ha and an installed capacity of 15 MW.  

Land use/cover changes and loss of farmland. The photovoltaic parks were 

mostly built, on unirrigated arable land (71.4%), but they also replaced other 

categories of use, such as meadows, artificial surfaces, forests or complex crops 

(Fig. 9). With the adoption of Law no. 23/2014, many parks have not received 

licenses from producers and accreditations from Romanian Energy Regulatory 

Authority. Starting with 2015, the PV parks located on lands removed from the 

agricultural circuit received licenses from the producer, but not accreditations for 

the support scheme. On the other hand, the lack of irrigation, high-performance 

equipment and the negligence of farmers lead to underperforming agriculture.  

 
Figure 9. PV parks distribution on LUC categories in WDR (A) and at county 

level (B) 

Therefore, investments in photovoltaic energy on uncultivated agricultural land 

are profitable both for investors and for local communities, through the taxes that 

investors pay to the local authorities, but also through the jobs created for the 

involved or neighbouring localities. 
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Regarding the issues of jobs opportunities and positive impact on the local 

budget, the field investigations have shown the following aspects: there exists a 

positive impact of the initial investment in PV parks on the local budgets exists and 

also a very small effect on labour force. Related to both issues, our field research 

highlight that the situations from WDR are similar to those emerged from other 

studies developed at national, regional and local levels [8], [9], [18]. Thus, the jobs 

opportunities are few, with a short-term positive impact in terms of small number 

of employees and low qualification; the taxes were perceived on land concession 

for the implementation of PV parks, on land sold to investors for implanting solar 

projects, on building licenses, tax on land, tax on special buildings (according to 

EGD no. 139/2004, the special buildings tax is 1.5) and a special tax on the installed 

operation power of each solar project.  

CONCLUSION  

The West Development Region is taking advantage of the natural potential in 

terms of high values of the sunshine duration (the second in the country after the 

Romanian Plain) and the relief configuration which are placing it fifth among 

Romania’s Development Regions by PV parks number.  

Although considered suppliers of clean and sustainable energy resources, PV 

parks involve several environmental and socio-economic constraints (e.g. land 

degradation, soil erosion, biodiversity loss, habitats fragmentation) as highlight by 

the literature (e.g. [4], [5], [6], [8], [9]. Compared to the southern Romania, where 

the prevalence of the plain relief, arable lands and of more fertile soils explained 

the removal of larger areas from the agricultural circuit at the expense of PV parks 

installation [8], [9], in the study area almost half of PV parks were built on low 

fertile or infertile lands which implies lower pressure on productive lands. The 

proximity to water bodies of nearly 50% of PV parks within less than 500 m shows 

the potential contamination of waters as a result of the PV panels cleaning during 

maintenance. PV parks installation in relation to natural protected areas and forests 

also points to a relatively distance of up to 5 km for nearly 60% of the PV farms (to 

Natura 2000) and of up to 1 km for nearly 30% of the PV farms (to forests). The 

relatively good accessibility to main roads (nearly 60% of PV parks within 500 m) 

and settlements (50% of PV parks within 1 km) shows an increased possibility of 

being valorised and maintained. These setting conditions are often considered 

essential since the beginning of the investment. 

Also, in order to complete the overall picture of the environmental and socio-

economic impacts of PV parks in the West Development Region, the authors 

computed a solar electric footprint. The solar electric footprint, as defined by [19] 

quoted by [20], is the land area necessary to supply all end-use electricity from solar 

PV related to inhabitants (expressed in sqm/inh.). As such, the solar electric 

footprint explains the direct relationship between (i) the main beneficiaries of the 

energy produced by the PV parks from a certain rural or urban settlement (i.e. the 

locals), and (ii) the land use category required to supply electricity from a PV park. 

In the WDR, the values of the solar electric footprint vary from 2.1 sqm/inh. in 

Săcălaz commune, to 86.7 sqm/inh. in Brestovăț, both located in Timiș County (Fig. 

10). 
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Figure 10. Distribution of solar electric footprint values in West Development 

Region 

Compared to the WDR average solar electric footprint value of 12.5 sqm/inh., 

almost a half of PV parks had higher values. Some PV parks overcome the regional 

average to seven times (e.g. Brestovăț, Timiș County), five times (e.g. Sebiș, Arad 

County). Those photovoltaic farms are too large compared to the local needs and to 

the true economic and environmental loss of arable land covered by the solar panels. 

This study revealed the positives and negatives of the PV parks installation and 

use in the West Development Region. However, the solar power has proved to be 

an important player of the national renewable energy system, with general positive 

effects on local economy. Thus, both at national and local levels, increasing the 

share of solar energy has been one of the main achievements in view of reaching 

the energy efficiency goals Romania has committed to.  
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ABSTRACT 

The effects of extreme climate phenomena (mainly heat-related) on agricultural 

crops, infrastructure and human health have become increasingly severe, varying 

between regions in response to the differences in the socio-economic and 

environmental features. In Romania, heat-related phenomena (i.e. drought) are 

affecting extended areas in the southern and south-eastern parts where the study 

area (Dobrogea) lies. The paper aims to develop a multi-criteria vulnerability 

assessment. Over 20 indicators were selected and processed in order to assess the 

vulnerability to heat-related phenomena using the statistical data available at local 

administrative units (LAU). The indicators were grouped into the three key 

components of vulnerability (potential exposure, sensitivity and adaptive capacity) 

and on two dimensions (socio-economic and environmental), resulting two indexes: 

Socio-Economic Vulnerability (SEV) and Environmental Vulnerability (EV). 

Finally, an integrated Heat Vulnerability index (HV) (using Hull score, average 50 

and standard deviation 14) was computed.  

Keywords: Socio-Economic Vulnerability index (SEV); Environmental 

Vulnerability index (EV); Heat Vulnerability index (HV), Dobrogea 

INTRODUCTION 

During the last decades almost every region has witnessed an increase in the 

occurrence and intensity of the effects of extreme climate phenomena (mostly heat-

related) on society and economy. The local responses to the adverse effects of heat-

related phenomena significantly vary in relation to the differences in the socio-

economic and environmental characteristics. Because of the high damage potential 

of heat-related phenomena, i.e. droughts (e.g. economic losses, ecological damages, 

and negative implications on life quality through the injury of human health), the 

socio-economic and environmental vulnerability assessment raised the interest for 

development of indices [1]. According to [2], the quantification of vulnerability can 

be made at local scale but it should be based on a global scale conceptual approach. 

Thus, in this paper, the components of the vulnerability were addressed in the light 

of international conceptual and methodological framework of vulnerability 

assessment; vulnerability is a function of exposure, sensitivity and adaptive capacity 
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[3]. In Romania, heat-related phenomena (mainly drought) are affecting wide areas 

in the southern and south-eastern parts where the study area (Dobrogea) lies. The 

current study aims to assess the socio-economic and environmental vulnerability to 

heat-related phenomena (i.e. drought) in Dobrogea having as main research steps: 

i) to characterise each local administrative unit (LAU) in terms of susceptibility to 

the negative effects of drought; ii) to determine the vulnerability level based on 

statistical indicators and secondary indexes; iii) to integrate these indexes into a 

single final index of heat-related vulnerability.  

STUDY AREA 

Dobrogea is located in south-eastern part of Romania (Fig. 1), being almost 

entirely surrounded by the Danube River (in the west and north) and by the Black 

Sea (in the east).  

 
Fig. 1. The location of the study area in Romania 

The area is made up by 2 counties (Tulcea and Constanța), counting a total area 

of 15,570 km2 and a population of about 999,000 inhabitants. The study-area fully 

feels the climatic influences of water surfaces, especially in coastal strip, but in has 

a semi-arid continental temperate climate [4]. 

Dobrogea is an unique region in terms of natural (the oldest land of the country 

from a geological point of view Casimcea Plateau and the newest – Danube Delta), 

historic (since Antiquity it bears the positive and negative effects of the geo-

strategic position between the Black Sea, Danube River and its delta), cultural (an 

ethnic, confessional and linguistic mosaic) and economic (e.g. the largest Romanian 

seaport - Constanța, river and sea harbours - Galați, Tulcea, extended, fertile and 

productive arable land, renewable energy resources – solar and wind). All these 

landmarks influence each component of vulnerability of both socio-economic and 

environmental dimensions. 

METHODOLOGY 

In order to select and apply the best set of socio-economic indicators to heat-

related phenomena, this study also took into account the analysed climate hazard 
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(i.e. drought) in relation to the characteristics of the underlying biophysical 

conditions. In order to highlight the areas exposed to heat-related phenomena in 

Dobrogea, the authors used Palfai aridity index, which considers an initial complex 

of factors (air temperature and precipitation) corrected by the number of extremely 

hot days, the number of days with precipitation amounts ≤ 0.5 mm and the 

groundwater contribution. In this way, it highlights the drought phenomena in its 

complexity. 

Theoretically, as agreed by the scientific community [5], [6], [7], the socio-

economic and environmental vulnerability is influenced, among other factors, 

mainly by population density, age, gender, race and ethnicity, income, the quality 

of inhabited environment, occupancy, rural-urban relations, education, water 

resources and their accessibility, medical services and health status, land use/cover, 

climate conditions, vegetation etc. Thus, in order to build-up a successful method, 

all these factors should be reflected in their main internal features by statistical 

indicators. Their selection is a very important step for compute the secondary and 

final indexes of vulnerability. The conceptual and empirical frameworks, the 

drought vulnerability indicators, the persistent gaps in drought vulnerability 

assessment are only few relevant issues debated by academics [8], [9], and by the 

worldwide and European bodies focused on climatic changes (e.g. European 

Drought Observatory, Intergovernmental Panel on Climate Change - [10], [2], [11]. 

The assessment of drought vulnerability in Dobrogea is based on this broad 

scientific background. Some of the indicators were considered as the most relevant 

for the socio-economic and environmental dimensions of vulnerability (i.e. 

dependency on agricultural land for livelihood, irrigated land, water resources, 

water quality, access to clean water), as they have already been evaluated by [2], 

[11], [9].  
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Fig. 3. Vulnerability assessment framework to heat-related phenomena 

(based on & adapted after: [2], [7], [9], [11], [12], [13]. Note: please see 

Table 1. for abbreviations, descriptions and data sources 

In addition, other indicators were included (e.g. aged and very young persons, 

unemployment, areas protected for biodiversity conservation) based only on their 

availability and significance at local territorial level. Fig. 3 shows the main steps of 

the heat stress vulnerability approach. 

Table 1. Selected indicators – details useful for their importance in 

methodological approach 

Indicators/Abbreviation 
Description (i), data sources (ii) and measurement 

units (iii) 

1.Permanent resident 

population=POP 

(i) number of persons with Romanian citizenship and 

permanent residence at LAU level; (ii) NIS, TEMPOnline 

time series; (iii) number of persons. 

2.Agricultural area=AGR 

(i) all agricultural lands (arable, pastures, meadows, 

vineyards and vine nurseries, orchards and fruit tree 

nurseries) from the farm registers; (ii) NIS, TEMPOnline 

time series; (iii) ha. 

3. Climate conditions=CL 
(i) Palfai aridity index (ii) National Meteorological 

Administration (iii) units. 

4. Impervious surfaces 

(grey areas)=GREY 

(i) land covered by built-up areas and infrastructure-related 

uses (e.g. roads, parking lots) at LAU level; (ii) Urban 

Atlas Copernicus Land Service dataset (2012); (iii) %. 

5.Green areas=GREEN 

(i) land covered by “green fingerprint” in different shares, 

regardless of their structure or functionality (e.g. green 

urban areas, pastures, forests), as well as green 
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infrastructure (e.g. isolated trees, tree lines) at LAU level 

(ii) Urban Atlas Copernicus Land Service dataset (2012), 

Street Tree Layer (STL); (iii) %. 

6.Water 

resources=WATER 

(i) surface water bodies (e.g. rivers, lakes, ponds) and 

groundwater productivity; (ii) Urban Atlas Copernicus 

Land Service dataset (2018), International 

Hydrogeological Map of Europe, scale 1:1500000 (2008); 

(iii) %. 

7.Vulnerable age 

groups=AGE  

(i) persons aged 65 and above and the children (0 to 10 

years old); (ii) NIS, TEMPOnline time series; (iii) %. 

8.Ethnic Diversity 

Index=ETHNIC 

(i) Ethnic Diversity Index (EDI) is based on the share of 

the minorities of total population (ii) NIS, Census 2011; 

(iii) % 

9. Dependency on 

primary sector for 

livelihood=PRIMARY 

(i) population employed in agriculture, forestry and fishing 

of the total population; (ii) NIS, Census 2011; (iii) %. 

10.Unemployment 

rate=UNEMPLOY 

(i) unemployed population of the total labour resources 

aged 18-62 years (ii) NIS, TEMPOnline time series; (iii) %. 

11.Agricultural 

income=INCOME_AGR 

(i) households income as money from agriculture 

multiplied by the number of employed population in 

agriculture/LAU level; (ii) computed by authors based on 

NIS-Romanian Statistical Yearbook 2017 and 

TEMPOnline time series, using a methodology developed 

by [14]; (iii) Lei/month/LAU. 

12.Access to clean 

water=CLEAN_WATER 

(i) houses connected to the drinking water supply network 

(ii) NIS, TEMPOnline time series; (iii) km of water supply 

network/1,000 inhabitants. 

13.Cultivated 

environment (arable 

land)=ARABLE 

(i) arable land from farm registers; (ii) NIS, TEMPOnline 

time series; (iii) ha. 

14.Inhabited 

environment=INHAB_A

REA  

(i) total floor areas of habitable rooms, measured by 

interior dimensions/1,000inh.; (ii) NIS, TEMPOnline time 

series; (iii) m2. 

15.Connectivity to 

drinking water 

infrastructure=WATER_

INFR 

(i) length of drinking water infrastructure/LAU (ii) NIS, 

TEMPOnline time series; (iii) km. 

16.Health care services 

provided by high-level 

medical 

infrastructure=HEALTH 

(i) health care infrastructure as the number of hospital beds 

in each LAU (ii) NIS, TEMPOnline time series; (iii) no. of 

hospital beds/1,000 inhabitants. 

17.Pharmacies=FIRST_A

ID 

(i) pharmacies considered as fist aid points/LAU; (ii) NIS, 

TEMPOnline time series; (iii) no. of pharmacies/1,000 

inhabitants. 

18.Early warning and 

intervention 

services=ESU 

(i) Inspectorates for Emergency Situations; (ii) 

https://www.igsu.ro/; (iii) number of Emergency Situations 

Units/1,000 inhabitants. 

19. Education 

level=EDUC 

(i) literates; (ii) NIS, 2011 Population Census returns; (iii) 
% of literates/total over 10 year‐old population 

https://www.igsu.ro/
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20.Heat management & 

adaptation in 

agriculture=IRRIG 

(i) measures to cope with heat stress in agriculture (i.e. 

irrigation); (ii) NIS, TEMPOnline time series; (iii) ha 
irrigation network. 

21.Blue areas=BLUE 

(i) land covered by static or dynamic surface water bodies 

(e.g. rivers, lakes, ponds) (ii) Urban Atlas Copernicus Land 

Service dataset (2018); (iii) %. 

22.Forest 

areas=FOREST 

(i) land covered by forest areas (ii) NIS, TEMPOnline time 

series; (iii) %. 

23.Protected 

areas=PROTECT 

(i) land covered by protected areas (natural reserves, 

Natura 2000) (ii) NIS, TEMPOnline time series; (iii) ha. 

The statistical data used in the current study, available at 121 LAU level - the 

lowest level administrative-territorial units -, was provided by the TEMPO-Online 

time series published by the National Institute of Statistics.  

The set of indicators was introduced in a graph matrix to establish the degree 

of determination or subordination of each statistical indicator on a dichotomous 

query [15]. Each indicator, which had the highest value of the general level of 

determination, has been maintained as is shown in Tab. 1, with its influence on 

vulnerability (Tab. 2). All indicators are equally weighted in the final index. The 

values of SEV, EV and HV show the levels/degrees of exposure, sensitivity and 

adaptive capacity to heat-related phenomena, as reflected by all figures and Table 

3. 

Table 2. Selected indicators and their influence on socio-

economic and environmental vulnerability to heat-related 

phenomena 

 

Abbreviation 
Influence of indicators on heat 

vulnerability 

Final expression of 

influence 

1. POP If ↑ POP, then VULN ↑ + 

2. AGR If ↑ AGR, then VULN ↑ + 

3. CL If ↑ CL, then VULN ↑ + 

4. GREY If ↑ GREY, then VULN ↑ + 

5. GREEN If ↑ GREEN, then VULN ↓ - 

6. WATER If ↑ WATER, then VULN ↓ - 

7. AGE If ↑ AGE, then VULN ↑ + 

8. ETHNIC If ↑ ETHNIC, then VULN ↑ + 

9. PRIMARY If ↑ PRIMARY, then VULN ↑ + 

10. UNEMPLOY If ↑ UNEMPLOY, then VULN ↑ + 

11. INCOME_AGR If ↑ INCOME_AGR, then VULN ↓ - 

12. CLEAN_WATER If ↑ CLEAN_WATER, then VULN ↓ - 

13. ARABLE If ↑ ARABLE, then VULN ↑ + 

14. INHAB_AREA If ↑ INHAB_AREA, then VULN ↑ + 

15. WATER_INFR If ↑ WATER_INFR, then VULN ↓ - 

16. HEALTH If ↑ HEALTH, then VULN ↓ - 

17. FIRST_AID If ↑ FIRST_AID, then VULN ↓ - 

18. ESU If ↑ ESU, then VULN ↓ - 

19. EDUC If ↑ EDUC, then VULN ↓ - 

20. IRRIG If ↑ IRRIG, then VULN ↓ - 

21. BLUE If ↑ BLUE, then VULN ↓ - 

22. FOREST If ↑ FOREST, then VULN ↓ - 

23. PROTECT If ↑ PROTECT, then VULN ↓ - 
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RESULTS AND DISCUSSIONS 

The socio-economic potential exposure (PE_se) index depends on POP and 

AGR. The first indicator recorded a territorial concentration in three distinct areas: 

i) the two regional county-seats (i.e. Constanța and Tulcea); ii) along the A2 

Highway that crosses from west to east the study-area and iii) in the southern coastal 

areas. The PE_se index shows a relative homogenous low level, exceptions being 

the two county-seats and the Delta area, with average and very high levels (Fig. 4). 

The environmental potential exposure (PE_e) is shaped by four indicators: of 

which CL and GREY increase its level, while GREEN and WATER decrease it.  

  
Fig. 4. The socio-economic potential 

exposure 
Fig. 5. The environmental potential 

exposure 

Fig. 5 shows the predominance of very low (north-eastern and extreme south-

western parts) and low (north, centre and south) PE_e levels. The largest impervious 

surfaces coupled with the highest Palfai index values explain the average PE_e 

index in the southern coastal area. 

In the study-area, the socio-economic sensitivity (S_se) has a very homogenous 

territorial distribution with the predominance of the low level of this index (Fig. 6). 

The fact is explained by a mix of two situations: i) the indicators which increase the 

S_se (e.g. ETHNIC, AGE) have values close to the regional average and a balanced 

territorial distribution; ii) other indicators which increase (e.g. EMPLOY_AGR) or 

decrease (e.g. CLEAN_WATER) the S_se have an homogenous territorial 

distribution of their high values, an opposite situation to i) but with the same effect 

on the spatial distribution of the S_se index, in terms of a balanced one. Average 

S_se values are recorded in 12 LAUs territorially concentrated mainly in the 

northern half of the study area, while very high S_se values are registered in one 

LAU, in extreme south-west of Constanța County (Fig. 6). 
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Fig. 6. The socio-economic sensitivity Fig. 7. The environmental sensitivity 

The environmental sensitivity (S_e) appears to register a territorial variation in 

relation to the two indicators it relies on, i.e. ARABLE and INHAB. ARABLE is 

largely spread in study area, especially in the central and southern parts, while 

INHAB registers the highest values in north and on coastal sector (Fig. 7). 

The socio-economic adaptive capacity (AC_se) is shaped by five indicators 

(Fig. 3) and their high level is linked with the highest values of WATER_INFR, 

HEALTH, FIRST_AID and EDUC; these values are specific to Constanța county-

seat and to its surrounding area. Also, one deltaic LAU falls into the high AC_se 

level, due to the highest ESU values. Extended areas register low and very low 

AC_se levels, especially those located in the northern and extreme southern parts. 

These LAUs are devoid of several vital services, e.g. drinking water infrastructure, 

education, health care services, first aid units and early warning and intervention 

services (Fig. 8). 

  
Fig. 8. The socio-economic adaptive 

capacity 
Fig. 9. The environmental adaptive 

capacity 
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In terms of the environmental adaptive capacity (AC_e), the study-area is 

divided in two areas: i) an extended one comprising the central, north-western and 

southern parts, which registers the lowest AC_e levels; ii) a smaller one, in north-

eastern part, recording average (in 11 LAUs from the Danube    

Delta and North Dobrogea Plateau, with high value of FOREST and 

PROTECT), high (in 5 LAUs with very high values of indicators considered) and 

very high (in one deltaic settlement, with very large protected and “blue” areas) 

AC_e levels (Fig. 9).  

According to the heat socio-economic vulnerability (SEV) index, Dobrogea is 

dominated by the very low and low levels in northern and western parts. Three 

LAUs (in Tulcea County) register average SEV level and one LAU very high level 

(extreme south-west of Constanța County). This situation is driven by the different 

PE_se levels: a high level in Constanța county-seat and in few deltaic localities, the 

territorially dominant average of S_se and AC_se, with high degrees only in 

Constanța county-seat and in one deltaic settlement (Fig. 10).  

  
Fig. 10. Heat socio-economic 

vulnerability 
Fig. 11. Heat environmental 

vulnerability 

The heat environmental vulnerability (EV) index varies between very low and 

high, with a predominance of very low and low in the north-eastern part. The central 

and south-eastern parts are dominant by high EV because of a very low AC_e, high 

and very high S_e and a general low and average PE_e (Fig. 11)   

In Dobrogea, the prevalence of very low and low levels registered by the final 

heat vulnerability (HV) index (88% of total LAUs analysed) is presented in Fig. 

12. The LAUs with HV average level are mainly located in Constanța County) being 

linked with the high and very high EV levels which are caused by the highest S_e 

level and the very low AC_e level.  
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Fig. 12. Heat vulnerability (HV) index (A); SEV, EV and HV values and the 

levels of PE, S and AC to heat stress 

The lowest HV level recorded by a large area in Dobrogea is due to the low 

and very low SEV levels in several sub-areas overlapped by the same EV levels 

(e.g. in extreme south-western, northern and partially central parts of the study-

area). 

CONCLUSIONS 

In Dobrogea, the climate features are combining with two different socio-

economic and environmental situations: i) in the urban areas and along the southern 

coastal sector, they are overlapped high population densities, continuous built-up 

areas, traffic-induced pollution, lack/reduced vegetation cover etc.; ii) in the large 

rural areas, they are linked with high and very high levels of socio-economic and 

environmental sensitivities and with a very low or the lack of adaptive capacity. 

These differences between urban and rural areas indicate the need for future 

researches to be carried out at finer scales (e.g. “HV urban and rural hotspots”) in 

order to complete the existing picture of the socio-economic vulnerability in a 

complex and varied region as Dobrogea is in terms of climatte, social and economic 

features. Within this context, the current research would be fruitful for academics 

(to replicate and/or to improve the methodology for future studies), but also for local 

decision-makers and planners, thus further contributing to the local climate change-

related mitigation and adaptation strategies. 
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ABSTRACT 

The continuous population growth and built-up areas expansion requires an 

increasing urban demand for goods and services and a high pressure on land 

resources. As a result, farming adaptation around cities in a multifunctional way is 

a must in their effort to reach resilience, sustainability and food security. In 

Romania, agriculture in metropolitan areas is still dominated by small family 

households owned by undertrained aged people, practicing subsistence agriculture, 

most of them with little financial resources. Thus, the paper aims to identify and 

analyze the ways multi-functionality can contribute to sustainable farming by 

addressing some of the key sustainability solutions in southern Romania (i.e. 

Bucharest Metropolitan Area) – a region characterized by extended and fertile 

agricultural land resources, significantly transformed during the post-communist 

period through land abandonment and fragmentation, but also by land concentration 

and grabbing to the detriment of traditional farming. By combining quantitative 

(spatial and statistical analyses) and qualitative (questionnaires & interviews to key 

actors) approaches, the authors pinpointed critical issues of metropolitan farming 

(e.g. type of agricultural activities, agro-support services, urban pressures, market 

access, networking, survival strategies) to support sustainability. 

Keywords: metropolitan farming; Bucharest Metropolitan Area; 

sustainability; multi-functionality; COVID-19  

INTRODUCTION 

The continuous (sub)urbanization processes are associated with a substantial 

increase in food demand, which is more likely to further grow in the next half of 

century when most of earth’s population will be prominently urban [1] or urban 

dependent. This progress has been generally developed in relation to some global 

imperatives such as climate change mitigation, more equitable economic models or 

health concerns, placing urban agriculture at the centre of the public discourse [2] 

and rising the interest and attention in many academic and practical fields [3], [1]. 

This unprecedented dynamics has raised serious questions related to the food chain, 



 

156 

from production and processing to transport and consumption [3]. As a result, the 

pressure on land resources has increased especially at city fringe where the mix of 

heterogeneous landscapes is the result of the high degree of land use transition and 

conversion in favour of urban uses and the existence of idle and marginal open 

spaces [4], [5]. This calls for the adaptation of farming around cities (i.e. 

metropolitan areas) in a multifunctional way in their effort to reach resilience, 

sustainability and food security. In order to produce sustainable urban food one has 

to consider all pillars of sustainability i.e. environmental, social and economic 

progress [1]. State-of-the-art narrative of sustainable farming often includes "multi-

functional", "organic", "ecological", "resilient", "community-based" etc. among its 

guiding concepts [6], [7] to achieve the SDG 2 (to end hunger, achieve food security 

and improved nutrition and promote sustainable agriculture), SDG 11 (to make 

cities and human settlements inclusive, safe, resilient and sustainable) and SDG 12 

(to ensure sustainable consumption and production patterns) of the 2030 Agenda 

for Sustainable Development. Two complementary concepts - "sustainability" and 

"multi-functionality" - have developed in response to the consumption-oriented 

requirements of the urban and metropolitan farmers to provide a useful framework to 

acquire appropriate knowledge on metropolitan agriculture, to be applied by planners 

in real situations [4], [5], [7], [8]. 

In Romania, agriculture in metropolitan areas is still dominated by small family 

households owned by undertrained aged people, practicing subsistence agriculture, 

most of them with little financial resources. Moreover, the onset of the COVID-19 

pandemic has revealed gaps and inconsistencies in the relationship between 

producers/farmers and consumers which had primarily affected the producers 

(small farmers, in particular). In this context, Romanian small farmers and 

landowners need to learn how to implement and/or further develop multi-functional 

farming techniques in a sustainable way by making use of the best practice examples, 

state-of-the-art research findings, policy guiding etc. National and European 

(Common Agricultural Policy-CAP) agricultural policies have undergone changes 

towards sustainable farming. For instance, the post-2020 CAP includes, among its 9 

objectives, activities to support climate change action, environmental care and 

preservation of landscapes and biodiversity  (https://ec.europa.eu/info/food-

farming-fisheries/key-policies/common-agricultural-policy/future-cap_en), which 

could be achieved by practicing sustainable agricultural practices, i.e. organic 

farming, in the continuous process of "greening" the CAP [9]. In response, Romania 

can successfully use organic agriculture to support sustainable development of rural 

areas, as they provide favourable conditions for large-scale production [10], [11] 

and quality products for the nearby urban markets.  

Within this broader context, the current paper intends to identify and analyze 

the ways multi-functionality can contribute to sustainable (metropolitan) farming, 

with a focus on organic farming, by identifying some of the key sustainability 

solutions in the most dynamic urban-rural system in Romania - Bucharest 

Metropolitan Area.  
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STUDY AREA 

Bucharest Metropolitan Area is located in the Romanian Plain (southern 

Romania), acting as a complex urban-rural structure made up of one core city 

(Bucharest) and over 100 administrative units (LAU level) with over 2,500,000 

inhabitants on a surface of nearly 531,292 hectares. The study area is characterized 

by extended and fertile agricultural land resources (mainly arable with over 70%) 

as a consequence of its favourable geographic, social and historical conditions. 

During the post-communist period, it has been significantly transformed through 

land abandonment and fragmentation, but also by land concentration and grabbing 

to the detriment of traditional farming. Currently, the total arable area is of 367,722 

hectares. The growing demand for organic products, but also the need for recreation 

and leisure of the urban population has led to the adaptation of farmers in the peri-

urban area in terms of diversification or multi-functionality of farming to meet the 

population needs. As such, in the Bucharest Metropolitan area the following 

functional types of farms have developed: 49 organic farms, most of them 

specialised in cereals, oil plants and vegetables; 3 tourism-based farms 

(accommodation and recreational services); 3 recreational farms; 2 educational 

farms and 2 urban gardens (Fig. 1). Overall, 424 hectares are cultivated organically 

(0.12%) of which 175 hectares are under conversion to organic farming (Fig. 2).  

 
Fig. 1 Multi-functional farming 

activities in the Bucharest 

Metropolitan Area. Types of farms 

Fig. 2 Organic area (% of total 

agricultural area) 

METHODOLOGY AND DATA 

The research methodology mainly relies on actor-oriented approach that has 

the ability to analyze the food supply chain and the role of multi-functionality 

around cities. This approach focuses on the analysis of multi-functionality and 

sustainability of agriculture considering the farm and the farmers as units of 

analysis. To achieve the proposed goal the authors use quantitative (geospatial, 

statistical, published sources) and qualitative (interviews, questionnaires) data, 

available or provided by the: National Institute of Statistics (Census Data, TEMPO-

Online Statistical Databases, Farm Structure Survey); ESRI Romania (geospatial 

data); Ministry of Agriculture and Rural Development; Inspection and Certification 
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Bodies of Organic Operators; Interviews & Questionnaires with all involved actors. 

The statistical data was collected at local administrative unit (LAU) level. 

Qualitative data collection methods include document analysis and participatory 

research via semi-structured interviews and questionnaires (open-ended and closed-

ended questions) with organic farmers. Out of the total of 49 organic farms located 

in the study area, 22 farms/farmers have agreed to participate to the current survey. 

By combining quantitative (spatial and statistical analyses) and qualitative 

(questionnaires & interviews to key actors) approaches, the authors will able to 

identify critical issues of metropolitan farming to identify the best models to support 

sustainability. 

Most small organic farmers in Bucharest Metropolitan Area are young people 

with higher education who have moved from city to countryside in order to have a 

healthier life. Initially, these people had cultivated vegetables on small parcels for 

self-consumption, then started selling the surplus, first to friends and then door to 

door through the internet. The delivery is done personally, by courier or in local 

market in the town, in some days, from where the customers come to take the 

products, based on a prior phone or online order. 

RESULTS 

The complexity of multi-functional farming has already been addressed in 

literature e.g. [4], [5], [7], [8], yet almost unanimously agreeing upon the 

environmental, social and economic benefits through the functions and services 

they provide: e.g. recreation & leisure, food security and safety, healthy and organic 

products, job opportunities, farm-based tourism. Organic farms, in particular, are an 

important part of multi-functional agriculture [4], [8], [12], a model for sustainable 

agriculture practices [12] and an alternative for the survival, stability and 

development of small farms, guaranteeing socio-economic and environmental 

sustainability. Moreover, it is highly appreciated by urban residents, being at the same 

time another approach to environmental oriented farming [4]. Hence, the key 

benefits of organic farming are way contributing to sustainable farming through the 

activities and services they provide (environmental benefits, in particular), then the 

multi-functional (Tab. 1).  

Table 1. Key benefits of multi-functional and organic farming 

Benefits 

Multi-

functional  

farming 

Organic  

farming 

Environmental 

Energy saving - i 

Organic waste recycling - i 

Biodiversity - i 

Land use saving i i 

Landscape protection i i 

Climate change resilience - i 

Healthy food provision - i 

Herbicide and pesticide use 

reduction 
- i 

Soil and water protection - i 
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Social 

Psychological/Spiritual health i - 

Job opportunities i i 

Visual amenities i - 

Education i i 

Leisure i - 

Food Security improvement i i 

Economic 
Energy cost minimization i i 

Community economic growth i i 

i – positive; - - neutral 

Adapted after: [1], [3], [4] 

The interviewed farms were generally organic (specialised in vegetable, cereal, 

legume, dairy), conventional, mixed or specialised (e.g. leisure, didactic, 

adventure). The key identified issues refer to both intrinsic, but more to extrinsic 

factors which were grouped into several categories: the agro-support service, urban 

pressures, market access, needs, networking, survival strategies and the COVID-19 

pandemic resilience (Tab. 2).  

The agro-support services, as perceived by the interviewed farms, were 

considered insufficient or irrelevant. Small farmers (organic or traditional) are 

characterized by a poor organization which leading to limited access to markets. In 

the absence of critical supporting functions – such as infrastructure and service 

provision – farmers struggle to shift from subsistence to more productive 

agriculture. Thus, there is a need for an active involvement of local, regional or 

national authorities in providing agro-support services to small producers in order 

to associate/to create groups of producers for improving, first of all, of raw materials 

transfer from producer to processor, distributor and consumer. 

The location within the metropolitan area of Bucharest has made farmers 

identify the continuous urban pressure (i.e. urban expansion/sprawl) as a growing 

threat to the agricultural land resources, the first to be consumed as land resource in 

the urban sprawl process. As a result, the farmland is under pressure of being 

converted, reduced or lost, fragmented, while farmers had to adapt their practices 

in terms of changing of crop structure, farm types (e.g. organic, leisure, didactic 

farms) etc. [14].  

In the general context where the food consumed in urban and rural areas is, to 

a large extent, imported from other parts of the world [14], the interviewed farmers 

pinpointed their reduced capacity of entering the market because of the competition 

with the "low quality" foreign products which come at lower prices. Generally, the 

market delivery is more oriented to small groceries, specialised markets, home 

delivery, than the large chain supermarkets. 

Among the identified challenges, farmers acknowledged as the most important: 

the lack of advice and guidance, the limited funding, the large bureaucracy, limited 

access to the wider market. Organic farmers are facing particular challenges related 

to crops damaging, since they are not using chemicals the products "have a shorter 

shelf life than conventional food" and there is no official information available on 

this issue, "nothing is centralized at the country level". As the "pests are becoming 

increasingly damaging each year", they are using natural treatments, "macerated, 
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aromatic plants" as pest repellers and "sheep and/or cow manure" as fertilisers. 

There is limited access to improved seeds (e.g. drought-tolerant, pest-resistant): "we 

get our own seeds from previous crops; we also make our own seedlings".  

The needs identified by both multi-functional and organic farmers are generally 

related to the market access, support for resilient (seeds) crops, support and 

assistance in case of crops damage (e.g. drought, pests), the limited specialised 

labour forces, especially for organic farming. 

Networking is a critical issue especially when referring to small farmers. It 

provides support and assistance to overcome most of the identified challenges and 

meet their short-and long-term needs [15]. The questioned farmers work 

individually, without being part of an agricultural association or other type of 

networking which is partly affecting their market access and their adapting capacity 

in case of extreme weather events (e.g. drought, heavy rainfall, hail) or prices 

volatility. 

Apart from the fact that networking itself is among the key surviving strategies 

for small-farm businesses, the questioned farmers stated that they adapted their 

business to provide additional revenue from food processing "tinned vegetables, 

jams, everything that is seasonal". Also, unsold products are often canned or frozen. 

Multi-functional agriculture per se, though the variety of functions it engulfs, has 

the capacity to easily adapt to both to urban market demands and potential economic 

challenges. 

When discussing the impacts of COVID-19 pandemic in the study area, the 

immediate effects have revealed a strain on food supply chains due to the limitations 

related to the distancing between producers/deliverers/consumers, safe 

transportation, access to open markets etc. The non-agricultural (e.g. leisure, 

tourism, didactic) component of multi-functional farming has been mostly hit, 

especially during the lockdown, but also afterwards. 

Social distancing measures have significantly limited farm visits, farmers’ 

access to open markets and involved additional costs related to sanitation. Organic 

farmers, which regularly have an established clientele, managed to keep close 

contact and extend the door-to-door delivery. Although they had to close the 

grocery stores (where existed), "the deliveries increased, the requests were many, I 

had to refuse some customers". In addition, "new customers have appeared 

compared to the ones we had". The lockdown period, in particular, determined a 

larger number of customers to choose the home delivery, a practice maintained 

hereafter. Overall, the questionnaire survey has revealed that organic farming was/is 

more resilient during the COVID-19 pandemic despite the mono-functional profile. 

Due to the constant and selected clientele and the "same delivery method, at the 

customer's home", they manage to better cope with this crisis.  
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Table 2. Critical issues of multi-functional and organic farming in Bucharest 

Metropolitan Area 

Critical issues of 

metropolitan farming 

Multi-functional 

farming 
Organic farming 

Agro-support services 

short supply chain; 

inclusion of small 

farmers in decision 

making process; assisting 

of European grants 

beneficiaries 

the lack of coherence of 

policies, insufficient subsidies 

and late payments 

Urban pressures 
land fragmentation, 

threat to agricultural land 

threat to agricultural land, 

environmental pollution 

Market access 
limited access to local 

markets 

less competitive products 

compared to the conventional; 

shorter shelf life; limited sales 

market 

Needs  

support for market 

access; lack of advice 

and guidance; 

bureaucracy 

access to improved seeds; 

support for market access; 

low resilience to crops 

damage; specialised labour 

force 

Networking 

advice and support for 

people who live in or 

manage peri-urban land 

for primary production, 

biodiversity or lifestyle 

goals 

partnership and networking 

programmes to link 

farmers/producers-

researchers-stakeholders-

consumers 

Survival strategies 
multi-functionally inside 

the farm 

food processing; selling other 

goods, other than farm-grown 

COVID-19 

pandemic 

challenges 

no/limited farm visits; 

restricted farmers’ access 

to open markets; closed 

the grocery stores (where 

existed); additional 

sanitation costs 

additional sanitation costs; 

no/limited access to open 

markets    

resilience 

online platforms initiated 

by volunteers; door-to-

door delivery (where the 

case) 

door-to-door delivery; 

maintaining close contact with 

regular costumers; empirical 

online platforms initiated by 

volunteers and social media 

advertising 

As a result, the critic challenges of multi-functional and organic farming in 

Bucharest Metropolitan Area are quite complex, ranging from the impact of policy-

related issues (e.g. agro-support services, strategies) to the spatial and functional 

process taking place in the urban-rural fringe and even the current issues, such as 

the impact of the COVID-19 pandemic (Tab. 2). With slight differences, they are 

all affecting both multi-functional and organic farming in the study area. 
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CONCLUSION  

Multi-functionality is a key characteristic of urban, peri-urban and metropolitan 

agriculture since it is trying to make most of the agricultural space inside and outside 

the city limits, which due to the proximity to the city, has particular features related 

to size, fragmentation and use/functionality - generally dictated by the urban needs. 

In response to providing sustainability farming inside and around cities, organic 

agriculture seems to be one of the generally agreed types of multi-functional 

agriculture. 

The proximity of the Capital-city and the increasing demand of the urban 

residents for quality products and outdoor activities have also influenced 

metropolitan agriculture by opening the door to a new mixture of land use – 

agricultural practices – recreation leading up to a variety of types and functions. As 

a result, multi-functional farming in Bucharest Metropolitan Area is the expression 

of the diversity of functions and services (e.g. organic, leisure, didactic) driven by 

the demand and supply coming from the consumers and the producers (here 

farmers). Organic farming, in particular, is the greatest contributor to sustainable 

agriculture. However, this research has revealed an increased interest of Bucharest 

residents for organic products. The strong support of the post-2020 CAP to key 

components of sustainable agriculture (e.g. organic farming, biodiversity 

conservation, climate change) will provide the knowledge and the financial support 

for effective farm management and the supply of quality food products for urban 

residents, in particular. 

In order to meet the identified critical issues of multi-functional and organic 

agriculture (e.g. urban pressures, market access, networking, survival strategies), 

supporting the food pools within and around important food consumers (i.e. cities) 

has become a critical concern when trying to achieve resilience and food security 

in urban and metropolitan areas. 
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ABSTRACT 

Aim of the paper is to explore the application possibilities of remote sensing 

data for determination of spatial changes in orchards from 1995 to 2019.  

In Latvia, many fruit-growing companies have been established around the turn 

of the century and today have established a solid production base. Although many 

farms achieve good yields, the average level of productivity in orchards is 

insufficient. Often the yields are different in the same garden in different places. 

Remote sensing technology provides tree crown size data. Evaluating garden data 

would identify sectors with lower increments. When you see specific sectors on the 

map, they will be surveyed by gardeners looking for factors that have influenced 

tree growth (soil nutrient content, moisture content, abundant fruit yield, etc.). As a 

result, average productivity may increase by at least 10%, but in the longer term (5-

6 years) by 20-30% 

Using Latvian Geospatial Information Agency’s available orthophoto and 

digital surface model (DSM) data, were examined three land units - orchards, where 

the spatial changes could be observed. The spatial changes can be observed over a 

longer period of time, therefore there were compared several orthophoto maps, each 

taken in different period of time. This study is an initial analysis of the data to 

determine the spatial changes. Future research will further investigate orchards with 

aerial laser scanning to determine accurate tree crown volumes and develop digital 

surface models. 

Keywords: ortophoto, spatial changes, orchards, calculation of revenue 

INTRODUCTION 

In Latvia, many fruit-growing companies have been established around the turn 

of the century and today have established a solid production base. Although many 

farms achieve good yields, the average level of productivity in orchards is 

insufficient. Often the yields are different in the same garden in different places. 

One reason is the heterogeneity of soil and terrain within a single field. Increased 

yields are more effective if appropriate measures are taken in well-targeted garden 

sectors where productivity is below average. It is difficult to objectively identify 

these sectors in an orchard - this can be done by listing the yields for each tree 

individually, but it is very laborious and needs to be done in a very short time. The 

vegetative growth of trees is a good indicator of the state of health of trees, of their 

growing conditions in general, and also shows the potential for productivity. The 

vegetative height can be assessed visually, but such an assessment is subjective. The 
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garden's visual judgment is further complicated by the fact that the trees are taller 

than humans and can only be compared in rows. Remote sensing technology 

provides tree crown size data. Repeated measurements would show an increase in 

shoots over some time. Evaluating garden data would identify sectors with lower 

increments. When you see specific sectors on the map, they will be surveyed by 

gardeners looking for factors that have influenced tree growth (soil nutrient content, 

moisture content, abundant fruit yield, etc.). An additional purpose is to obtain data 

on tree crown thickness and total crown volume. This data will be used to evaluate 

the effectiveness of tree-making work, to adjust harvest protection dose 

calculations. As a result, average productivity may increase by at least 10%, but in 

the longer term (5-6 years) by 20-30%  

It is not possible to obtain precise data on what part of the area of the gardens 

is considered to be under-productivity sectors. According to the statistics, the total 

apple production in Latvia is 8 000-10 000 t, if the yield is increased by 5%, it 

amounts to 400-500 t or 160 000-200 000 EUR per year. [1]; [4] 

This study is an initial analysis of the data to determine the current situation. 

Future research will further investigate orchards with aerial laser scanning method 

to determine accurate tree crown volumes and develop digital surface models.  

Aim of the paper is to explore the application possibilities of remote sensing 

data for determination of spatial changes in orchards from 1995 to 2019. To achieve 

the aim, the following tasks were set: 

• gather remote sensing data; 

• process the obtained data; 

• use the obtained results for determination of spatial changes; 

• calculate the revenue of orchards 

MATERIALS AND METHODS 

In result of previous studies [2]; [5] were developed scheme - use of remote 

sensing data. 

Use of remote sensing data could be divided in 4 stages:  

1. Remote sensing data gathering. If it is necessary to obtain data about the 

object from the distance, you may use the available satellite images or orthophoto 

maps. Carrying out remote sensing by aerial photography were used the Latvian 

Geospatial Information Agency orthophoto, scale of 1:10 000, which are freely 

available at the website of Latvian Geospatial Information Agency. In Latvia 

orthophoto maps are prepared in Latvia Coordinate System LKS-92 TM in 

accordance with the TKS-93 division of map sheets (scale 1:10 000 map sheet 

complies with the 5x5 kilometers in nature). For the entire territory of Latvia the 

orthophoto maps are completed in TIFF format, scale 1:10 000 [3]. 

2. Processing of obtained orthophoto and satellite images. Orthophoto can 

be processed in computer programs: Microstation, SAGA, GRASS, Quantum GIS, 

Open JUMP, ILVIS Open and Photomod. In this research orthophoto were 

processed in Microstation software.  
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3. Data accumulation and storage. For this research data are accumulated on 

Latvia University of Life Sciences and Technologies GIS competences center 

server.  It is possible to include this information in Territorial Development 

Planning Information System. 

4. Use of data. After data processing, are obtained thematic maps or data of 

interest for a particular area. These data may be used by the real estate - orchard 

owners. 

 

Fig.1. Use of remote sensing data. 

RESULTS AND DISCUSSION 

Using Latvian Geospatial Information Agency’s available orthophoto and 

LIDAR data, were examined land units – orchards. Spatial changes in these land 

units can be observed over a longer period of time. Therefore, there were compared 

several orthophoto maps and digital surface model (DSM), each taken in different 

period of time. In orthophoto maps the best could see the spatial changes. 

The first of the objects located in Broceni municipality, Blidene municipality 

rural territory (56°38′ N (B); 22°43′ E (L)). In Figure 2 can be seen orthophoto from 

the location. In first two orthophotos which were taken in period from 1994 to 2005 

visible area is used for agriculture purposes as arable land. Situation start to change 
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in third a orthophoto, which were taken on June 7, 2007, where is visible that in part 

of this area the fruit garden – apple trees are planted. In the next three orthophoto 

shows almost the same situation. In last orthophoto, taken in June 3, 2019, can be 

seen that orchard - apple tree garden is expanding. 

 
July 29, 1995 

 
May 29, 2003 

 
June 7, 2007 

 
June 27, 2010 

 
June 2, 2013 

 
May 6, 2016 

 
June 3, 2019 

 
Digital surface model, May 8, 2015 

Fig.2. Orthophotos and digital sutface model from orchard in Blidene 

municipality rural territory. 

Analyzing the orthophoto data, it can be seen that the apple orchard started to 

form around 2007, the initial area was about 5 ha. Already from 2010 the orthophoto 

shows that the orchard has been expanded by 2,8 ha, the total occupied by 7,8 ha 

and in 2019 orthophoto shows that the orchard has been expanded by another 0,7 

ha, bringing the total area to 8,5 ha. 

Orthophoto shows that in some apple garden areas are the places where within 

the boundaries of the garden, there are sectors with smaller increases in harvesting 

levels. 
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When you look at specific sectors on the map, they will be surveyed by 

gardeners looking for factors that affect tree growth (nutrient content, moisture 

content, rich fruit yield, etc.). Improving tree growth parameters can also predict 

productivity growth. As a result, average productivity may increase by at least 10%, 

but in the longer term (5-6 years) by 20-30%  

Improving productivity can be expected to increase revenue. Using the Latvian 

Rural Advisory and Training Center's Calculation of the Gross Agricultural 

Coverage [4], the revenue from the field was calculated. 

Table 1 The calculation of revenue of orchard in Blidene municipality rural 

territory 
 

Field 

area, 

ha 

Productivity 

t/ha 

Price 

EUR/t 

Sum, 

EUR 

10 % 

predicted 

increase 

25 % 

predicted 

increase 

Apples 8,5 10 400 34 000 37 400 42 500 

Apples 

for juice 
8,5 4 100 3 400 3 740 4 250 

Sum:    37 400 41 140 46 750 

The table shows that the revenue from the orchard is currently EUR 37 400, 

but if the increase is 10 %, the revenue would be EUR 41 140, but in longer - term 

(after 5 to 6 years) increase could be 25 %, that is EUR 46 750. 

The second object is located in Jelgava municipality, Vilce municipality rural 

territory (56°26′ N (B); 23°29′ E (L)). In Figure 3 can be seen orthophotos from the 

location.  

 
September 9, 2003 

 
June 10, 2007 

 
May 30, 2013 

 
June 12, 2019  

 
Digital surface model October 2, 2014 

Fig.3. Orthophotos from apple tree garden in Vilce municipality rural territory. 
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Analysis of the orthophoto data shows that the area was arable land in 2000. 

Around 2007 apple trees were planted on an area of 9,5 ha. Orthophoto shows that 

by 2013, the apple tree garden was expanded by another 2,1 ha, bringing the total 

area to 11.6 ha. By the year 2019, the situation is changed a little bit. It can be seen 

in orthophoto that there are some places where the orchard area is increased and at 

the moment the total area of the orchard is 10,7 ha. As can be seen from the 

orthophoto from 2019, some areas of the orchard show areas with lower harvesting 

levels within the garden borders. Also for this orchard, the harvest from the orchard 

was calculated (Table 2). 

Table 2 The calculation of revenue of orchard in Vilce municipality rural territory 

 
Field 

area, 

ha 

Productivity 

t/ha 

Price 

EUR/t 

Sum, 

EUR 

10 % 

predicted 

increase 

25 % 

predicted 

increase 

Apples 10,7 10 400 
42 

800 
47 080 53 500 

Apples 

for juice 
10,7 4 100 4 280 4 708 5 350 

Sum:    47 

080 
51 788 58 850 

The table shows that the revenue from the orchard is currently EUR 47 080, 

but if the increase is 10 %, the revenue would be EUR 51 788, but in longer - term 

(after 5 to 6 years) increase could be 25 %, it would be EUR 58 850. 

The third object is located in Tukums municipality, Pure municipality rural 

territory (57°2′ N (B); 22°52′ E (L)). In Figure 4 can be seen orthophotos from the 

location.  

 
June 29, 1994 

 
June 4, 2007 

 
May 11, 2016 
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June 4, 2019 

 
Digital surface model, May 28, 2016 

Fig.4. Orthophotos from orchard in Pure municipality rural territory. 

Analysis of the orthophoto data shows that this area was arable land in 1994. 

Around 2007 apple trees were planted on 3,3 ha. Orthophoto shows that by 2016 

the apple orchard was expanded by another 2,1 ha, bringing the total area to 5,4 ha. 

And as seen in the orthophoto of 2019, the apple orchard was further expanded, 

bringing the total area to 8 ha. Gross Coverage Calculates that the respective harvest 

per hectare is obtained for the orchard, from 4 to 20 years. The table below shows 

the profit that will be made when the newly planted apple trees reach their 

production period – at least 4 years. 

Table 3. The calculation of revenue of orchard in Pure municipality rural territory 

 
Field 

area, 

ha 

Productivity 

t/ha 

Price 

EUR/t 

Sum, 

EUR 

10 % 

predicted 

increase 

25% 

predicted 

increase 

Apples 8 10 400 32 000 35 200 40 000 

Apples 

for juice 
8 4 100 3 200 3 520 4 000 

Sum:    35 200 38 720 44 000 

The table shows that the revenue from the orchard is EUR 35 200, but if the 

increase is 10 %, the revenue would be EUR 38 720, but in longer - term (after 5 to 

6 years) increase could be 25 %, it would be EUR 44 000. 

CONCLUSION 

The spatial changes can be observed over a longer period of time, therefore for 

this research were compared orthophoto maps and digital surface model (DSM), 

each taken in different period of time (from 1995 to 2019).  

Analysing orthophotos of orchards in Blidene municipality rural territory, 

Vilce municipality rural territory and Pure municipality rural territory, they show 

that in some apple garden areas are the places were within the boundaries of the 

garden, there are sectors with smaller increases in harvesting levels. When you look 

at specific sectors on the map, they will be surveyed by gardeners looking for factors 
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that affect tree growth (nutrient content, moisture content, rich fruit yield, etc.). 

Improving tree growth parameters can also predict productivity growth. As a result, 

average productivity may increase by at least 10%, but in the longer term (5-6 years) 

by 20-30%. 

Calculating the revenue of orchards, actual data were taken from Latvian Rural 

Advisory and Training Centre. For the purpose of research were taken the 

Calculation of the Gross Agricultural Coverage and also calculated revenue if the 

productivity would increase by 10% and in longer time average by 25%.  
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ABSTRACT 

The paper aims to analyse the management of projects on European funding, 

taking into account two major directions, namely the efficiency and effectiveness 

of management. In order to achieve these objectives, a number of issues are 

examined, such as: the achievement degree of the indicators proposed by the 

project, the most efficient use of existing funding and the analysis of project 

sustainability, considering both market realities as well as the provisions of the 

initial project. Important in the analysis are both the results obtained during the 

implementation period of the project and the values recorded after the completion 

of the projects and the way in which, in the absence of financial support, there is 

continuity in the conduct of the activities.. 

Keywords: Efficiency, project, European funding, indicators 

INTRODUCTION 

The implementation of a project must be evaluated from several points of view 

to ensure an overview of the added value that it brings [1], [2], [3]. In order to 

correctly evaluate the efficiency of a project, we consider that there are 2 elements 

[4] that allow an overview of the project and its impact: the target group and the 

project indicators. 

Figure 1. Scheme of qualitative / quantitative evaluation of a project 

Project  

Project indicators  Target group 

Analysis of the efficiency  
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Starting from these elements as well as from Global Quality Indicator [5], we 

will make an evaluation of the efficiency of a project funded from European funds. 

This analysis allows the quantification of the implementation of such a project, at 

the same time it is possible to extend the working model to other categories of 

projects. 

METHODOLОGY 

For the analysis of the efficiency we considered two distinct phases, the 

definition of the indicator and the application of the indicator in the case of such a 

project. 

The definition of the indicator has started from the general formula of the 

Global Quality Indicator and, using the expert method, have been determined the 

weightings of this indicator and for the evaluation of the importance we used the 

expert method [6] 

𝑋𝐺 = ∑ 𝑥𝑖
𝑛
𝑖=1 × 𝑝𝑖   (1) 

with 

XG = Global Quality Indicator, 

xi = specific value, 

pi = weight / importance of the feature. 

For a project 

 

𝑃𝑄𝑆 = (∑ 𝑡𝑎
𝑛
𝑎=1 × 𝑝𝑎𝑡) × 𝑝𝑡 + (∑ 𝑝𝑖𝑎

𝑚
𝑎=1 × 𝑝𝑎𝑖) × 𝑝𝑖  (2) 

with 

PQS = Project Quality Score, 

ta= target group value, 

pat = importance of the element, 

pt =  importance of target group in indicator, 

pia = project indicators value, 

pai = importance of the element, 

pi = importance of project indicators value. 
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The values of the analyzed project are presented in the following tables 

Table 1. Sintese of project indicators 

Indicators Prognosis Achievement  

Number of people benefiting from guidance  125 147 

Number of participants in training  136 135 

Number of ESF participants - women 15 19 

Number of ESF participants - Roma persons 25 32 

Number of ESF participants - people with 

disabilities 

15 31 

Number of ESF participants - other vulnerable 

groups 

70 65 

The target group analysis is presented in the table below: 

Table 2. Structure of target groupe  

Starting from the defined indicator, the calculation methodology and the 

resulting values are presented in Tables 3 and 4, which allow the calculation of the 

Global Quality Indicator of a social economy project. The data source is the project 

under consideration. 

Table 3. Calculation for target groupe  

Target group 
Progn

osis 
Achievement ta pat 

ta × 

pat 

Families having more than 2 

children 
10 12 1 14.29% 14.29 

Mono-parental families 5 8 1 14.29% 14.29 

Women 15 20 1 14.29% 14.29 

People who left school early 10 10 1 14.29% 14.29 

People living from the 

guaranteed minimum income 
40 24 06 

14.29% 
8.57 

Persons with disabilities 15 31 1 14.29% 14.29 

Roma people 25 32 1 14.29% 14.29 

TOTAL  94.31 

 

 

Target group Prognosis Achievement 

Families having more than 2 children 10 12 

Mono-parental families 5 8 

Women 15 20 

People who left school early 10 10 

People living from the guaranteed 

minimum income 
40 24 

Persons with disabilities 15 31 

Roma people 25 32 



 

178 

Table 4. Calculation for project indicators  

Project indicator Prognosis Achievement ta pat ta × pat 

Number of people 

benefiting from 

guidance  

125 147 1.17 60 70.2 

Number of participants 

in training  
136 135 0.99 18 17.82 

Number of certified 

training participants  
125 135 1.08 22 23.76 

TOTAL 111.78 

 
Regarding the importance of each indicator. The 30 selected specialists set a 

importance percentage of 58% (580 points) for target group values and 42% (420 

points) for project indicator values 

Taking into account the importance coefficients assigned to the project 

indicators and the target group. and the values previously calculated, we can 

calculate the value XGP using the formula below: 

𝑃𝐺𝑄𝑆 = (∑ 𝑡𝑎
𝑛
𝑎=1 × 𝑝𝑎𝑡) × 𝑝𝑡 + (∑ 𝑝𝑖𝑎

𝑚
𝑎=1 × 𝑝𝑎) × 𝑝𝑖 = 𝟏. 𝟎𝟏𝟔            (3) 

DISCUSSION AND CONCLUSIONS 

The values calculated for the project under consideration indicate a 

performance of more than 100% of the assumed values. The indicator allows 

quantifying the qualitative aspects of implementing a project at the congruence of 

several areas with specific objectives. Such an indicator has a number of 

advantages, including: 

• The possibility of quantifying heterogeneous elements 

• High applicability for projects in different areas 

• Allows a synthesis view of the impact of a project 

It also has a series of limitations, generated in particular by the reporting of 

values to those assumed, but can be improved. 

Such an indicator could also be used in the analysis of some investment projects 

by referring to two criteria: technological and economic. The major advantage of 

such an approach lies in the possibility of quantifying a large number of categories 

of criteria, regardless of their nature. 

In the analyzed case, we notice an exceedance of the assumed values, which 

determines a superunit value of the indicator, although the achieved values of the 

target group were, in some cases lower than those assumed. 
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managementului, Ediţia a 2-a,  MatrixRom, Bucuresti; 

[2] Borcosi, C.A. , 2017, “Articol într-o revistă”, Research and Science Today 

Issue Nr. 1, Page 98-102; 

[3] Ciubotaru, G., & Florescu, N. (2014). Considerations concerning the 

methodology of achieving local development strategies. Alma Mater University 

journal, 7(2), 3-6; 

[4] Frijns, P., Van Leeuwen, F., & Bierwolf, R. (2017, June). Project 

management-a more balancedapproach. în Technology & Engineering 

Management Conference (TEMSCON), 2017 IEEE (pp. 234-238). IEEE; 

[5] Harrison, F., & Lock, D. (2017). Advanced project management: a 

structured approach.  Routledge; 

[6] Harris, E. (2017). Strategic project risk appraisal and management. 

Routledge;





Section ENVIRONMENTAL ECONOMICS 

181 

CRITERIA AND PRINCIPLES OF THE TECHNICAL-

ECONOMIC ANALYSIS APPLICABLE IN ECOLOGY 

PhD. St. Paul Stefan Trandafir1 

Assoc. Prof. Dr. Adrian Ioana 2 

PhD. St. Roxana Marina Solea 3 

PhD. St. Daniela Tufeanu 4 

PhD. St. Diana Cristina Labes (Craciun) 5 
1, 2, 3, 4, 5 University Politehnica of Bucharest, Romania  

ABSTRACT 

Environment protection, like a new religion consists of: environmental 

programmes, objectives and targets, training, incentive schemes, audit frequency, 

site inspections, administration and community relations. This paper presents the 

main environmental performance indicators.  They should therefore be cost-

effective and appropriate to the size and type of organization and its needs and 

priorities. Organizations should make the optimum use of the environmental 

information they collect. To this end the indicators should fulfill the dual purpose 

of assisting the management of the organization and providing information to 

stakeholders. In article we present a set of Environmental Performance Indicators 

(EPI). These indicators should therefore be cost-effective and appropriate to the size 

and type of organization and its needs and priorities. We present many categories 

of environmental performance indicators: comparability (indicators should enable 

a comparison and show changes in the environmental performance); balance 

between problematic (bad) and prospective (good) areas, continuity (indicators 

should be based on the same criteria and should be taken over comparable time 

sections or units); timeliness (indicators should be updated frequently enough to 

allow action to be taken); clarity (indicators should be clear and understandable). 

Keywords: Ecology, Criteria, Principles 

INTRODUCTION 

Creating environmental information can be expensive and time consuming. 

Environmental Performance Indicators (EPI) should therefore be cost-effective 

and appropriate to the size and type of organization and its needs and priorities. 

They should address primarily those environmental impacts that are most 

significant and which the company can influence by its operations, management, 

activities, products and services. They should also be sensitive enough to reflect 

significant changes in environmental impacts. 

Organizations should make the optimum use of the environmental 

information they collect. To this end the indicators should fulfill the dual purpose 

of assisting the management of the organization and providing information to 

stakeholders [1], [2].  
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Depending on an organization’s capabilities and resources, the use of 

environmental performance indicators may initially be limited to those aspects 

considered most relevant, with the initial scope being gradually widened over time 

[3], [4], [8].  

MATERIALS ANS METHODS 

The basic principles of environmental indicator systems are [5], [6]: 

• Comparability: indicators should enable a comparison and show 

changes in the environmental performance. 

• Balance between problematic (bad) and prospective (good) areas. 

• Continuity: indicators should be based on the same criteria and should 

be taken over comparable time sections or units. 

• Timeliness: indicators should be updated frequently enough to allow 

action to be taken. 

• Clarity: indicators should be clear and understandable  

Usually, three categories of environmental indicators are defined for 

evaluating and reporting the environmental performance of an organization: OPIs, 

MPIs, and ECIs as well as most subcategories correspond directly to relevant 

indicator categories used in EN/ISO 14031:1999 Environmental management — 

Environmental performance evaluation — Guideline. The subcategories products 

supporting the organization’s operation, transport, employee involvement, 

administration and planning, purchasing and investments and health and safety are 

specific for Eco-Management and Audit Scheme -EMAS: 

1. Operational Performance Indicators (OPIs). These concentrate on the 

aspects associated with an organization’s operations including activities, products 

or services and can cover such topics as emissions, product and raw material 

recycling, fuel consumption of vehicle fleet, or energy usage.  

Operational performance indicators can be subdivided into: 

• Input indicators. 

• Physical facilities and equipment indicators. 

• Output indicators.  

They concentrate on planning, controlling and monitoring the environmental 

impacts of the organization’s operations. Operational performance indicators are 

also a tool for communicating environmental data through environmental reports 

or environmental statements, in accordance with the Eco-Management and Audit 

Scheme (EMAS) regulation. By integrating cost aspects into them, they 

furthermore represent a basis for environmental cost management. 

2. Management Performance Indicators (MPIs).  These concentrate on the 

efforts of management to provide the infrastructure for environmental 

management to succeed and can, among others, cover environmental programmes, 

objectives and targets, training, incentive schemes, audit frequency, site 

inspections, administration and community relations [7]. 
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These indicators serve primarily as internal control and information 

measurements, but do not by themselves provide sufficient information to give an 

accurate picture of the organization’s environmental performance. 

Environmental Condition Indicators (ECIs). These give information on the 

quality of the environment surrounding the organization or the local, regional or 

global state of the environment. Examples include the water quality of a nearby 

lake, the regional air quality, concentrations of greenhouse gases or the 

concentration of certain pollutants in the soil.  

While they may be quite wide-ranging they can be used to focus the attention 

of the organization on the management of the environmental aspects associated 

with significant environmental impacts. 

The condition of environmental media (air, water, land) and the environmental 

problems that arise from it depend often on a variety of influences (Jay Gould 1980, 

125). Examples are emissions from different organizations, private households or 

transport.  

Data about the condition of environmental media are usually measured and 

recorded by governmental institutions. These data are used to derive specific 

environmental indicator systems for the main environmental problems.  

In connection with environmental policy goals, public environmental 

indicators can be used by organizations as an orientation for setting priorities in 

determining their own indicators and objectives. This is especially the case when 

the organization is one of the main sources of an environmental problem, for 

example the impact of an airport on its surroundings in respect of noise or the impact 

of a direct effluent discharge on local water quality. In particular in these cases, 

ECIs enable the measurement of environmental impacts of the organization. 

RESULTS 

These three categories of environmental indicators have become widely 

accepted and organizations should consider a combination of these indicators in 

order to be able to demonstrate, that: 

• They understand the environmental impacts associated with their 

activities, products and services (ECIs). 

• They are taking appropriate measures to ensure the management of 

environmental aspects associated with the environmental impacts 

(MPIs) and 

• The result of the management of environmental aspects is improved 

environmental performance of their operations (OPIs). 

It is recognized however that for organizations with less significant 

environmental impacts and a less complex environmental management system the 

most important indicators will be those relating to operational performance. 

Figure 1 presents a model of economic analysis. 
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Fig. 1. Model of economic analysis 

The model of economic analysis presented has as its starting point the 3 

categories of performers: 

• Intern performers 

• Joint performers 

• External performers 

Information (including conclusions) of economic analysis conducted can be 

passed to the three distinct pathways: 

• Domestic Customers 🡪 Direct (Official) 🡪 Company (trader) 

• Indirect (unofficial) 🡪 Company (trader) 

• External Customers (with respect ownership) 🡪 Indirect Competition 

(banks) 🡪 Company (trader) 

CONCLUSIONS 

In selecting environmental performance indicators for a particular 

environmental aspect an organization should ask itself the following questions: 
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• What are the organization’s main environmental aspects and impacts? 

• Where can most improvements be achieved? 

• Where can environmental improvements also lead to cost reduction? 

The selected environmental indicators should comply with environmental 

policy priorities: 

• How does the organization affect the local or regional environmental 

situation in relation to important local or regional environmental 

policy issues? 

• What environmental problems dominate the current political 

discussions? 

• What external requirements, for example from interested parties, 

affect the organization? 

Organizations should select indicators which enhance their management. 

Indicators which do not contribute to the management of the organization will 

ultimately not be incorporated in day-to-day management and hence will have little 

effect in improving performance. In short, only those indicators which enable the 

employees and management to perform their tasks better are the ones which are 

most appropriate to the organization. 

REFERENCES 

[1] Ioana, A.,  Costoiu, M.,  Tufeanu, D.,  Semenescu, A., Marcu, D.,  

Management elements of conception and development of scientific research 

projects, IOP Conf. Series: Materials Science and Engineering 591 (2019) 012092, 

IOP Publishing, Modern Technologies in Industrial Engineering VII, 

(ModTech2019), doi:10.1088/1757899X/591/1/012092, Iasi, pp. 1-5, 2019. 

[2] Tufeanu, D.,   Semenescu, A.,  Ioana, A.,  Management Criteria and 

Principles Applicable in Education and Scientific Research, Advanced Engineering 

Forum Vol. 33/2019, doi: https://doi.org/10.4028/www.scientific.net/AEF.33, «5th 

Conference of ADVANCES IN ENGINEERING & MANAGEMENT», Drobeta 

Turnu Severin, 2018. 

[3] Andrew, J.P., Hannaes K., Michal, D.C., Sirkin, S.L., Taylor, A., Measuring 

Innovation 2009. The Need for Action, The Boston Consulting Group Inc., 2009. 

[5] Andew, J.P., Manget, J., Michael, C.D., Taylor, A., Zablit, H., Innovation 

2010, A Returne to Prominence and the Emergence of New World Order, The 

Boston Consulting Group, Inc., 2010. 

[6] Barde, J.P., Economie et politique de l’environnement, Press Universitaires 

de France, Paris, 1992. 

[7] Patriche, D., Marketing industrial, Editura Expert, Bucureşti, 1994. 

[8] *** - A Dictionary of Business, Oxford University Press, New York, 2002





Section ENVIRONMENTAL ECONOMICS 

187 

ECONOMIC ANALYSIS OF QUARRY SURVEYING 

Dr.oec. Vivita Pukite 1  

Mg.sc.ing. Vita Celmina 2 

Mg.sc.ing. Dainora Jankauskiene 3 
1, 2, 3 Latvia University of Life Sciences and Technologies, Latvia 

ABSTRACT 

There are several surveying methods whose practical function is to determine 

the areas of land, distances, heights, the amount of earthwork, and to produce 

reduced images of the earth's surface. The research looks at how geodetic and 

remote sensing methods can be used, and the results they provide in quarry 

surveying. The most important in quarry surveying is to get an accurate land surface 

for calculation of the volume of mineral resources. After quarries surveying, it is 

possible to calculate the amount of remaining mineral resources. Within the 

framework of the research, were performed surveying in quarries with geodetic 

surveying and remote sensing methods. For geodetic surveying was used GNSS 

receiver and a robotic total station, but from remote sensing methods were used 

aerial photography and aerial laser scanning. The most important reason why it is 

important to get an accurate surface and make an accurate volume calculation in 

quarry surveying is the economic factor. The economic analysis was carried out 

using a comparison method based on volume, market price and natural resources 

tax.  The research presents the advantages and disadvantages of each surveying 

method and explains the results obtained, based on economic calculations. The main 

conclusion is that the accuracy of the preparation of land surface relief models is 

based mainly on economic calculations because mineral resources are a commodity 

that is bought and sold for which tax is payable. 

Keywords: geodetic methods, remote sensing methods, quarry surveying, 

economic calculation 

INTRODUCTION 

Over time, geodesy has evolved from simple land surveying into a diverse field 

of science. Its scientific task is to determine the type and size of the earth, to study 

the earth's crust movements [1]. Successful completion of this task requires the 

preparation of specific studies that work with accurate tools and include complex 

calculations. The practical task of geodesy, in its turn, is to determine the land areas, 

distances, heights, the amount of earthwork, as well as to produce reduced images 

of the earth's surface. 

Currently, there are several surveying methods - geodetic and remote sensing. 

Geodetic methods include surveying methods with direct human involvement, 

while remote sensing methods collect surveying data remotely [4]. 

Nowadays, surveying can be done using the Global Navigation Satellite 

System (GNSS) [2]. GNSS is based on one-way distance measurement. 
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The study has chosen to look at how these methods can be applied and what 

results they provide in quarry surveying. The most important thing in quarry 

surveying is to get an accurate surface to calculate the volume of the mineral. When 

surveying quarries, it is possible to calculate the amount of extracted or remaining 

mineral resources several times. To achieve higher accuracy in volume calculation, 

the object must be mapped to the Latvia coordinate system - LKS-92 TM and Latvia 

height system - LAS 2000.5 [5]. 

The topic chosen is topical because there are cases where one quarry is 

surveyed by different surveyors and the obtained data differs. In such cases, the 

surveying methods used for quarry surveying should be evaluated. Nowadays it is 

important not only to get accurate and high-quality data but also to get it as fast as 

possible. 

The tasks of the research are: 

• carry out quarry surveying using geodetic and remote sensing 

methods, 

• after data analysis perform the economic analysis of quarries based on 

volume market prices and natural resources tax. 

Two quarries were surveyed within the study – “Gravas” in Vidzeme region 

and “Kalni” in Riga region, using the possibilities provided by geodetic surveying 

and remote sensing. 

METHODS  

The quarry surveying was carried out using geodetic and remote surveying 

methods. From remote sensing methods, aerial photography and aerial laser 

scanning were used. Aerial photography was performed using an unmanned aircraft 

equipped with a passive sensor - a digital camera, while aero laser scanning was 

performed with an unmanned aircraft equipped with an active sensor - a laser 

scanner. From the methods of geodetic surveying, the surveying was carried out 

using GNSS receiver and total station. Instruments used (Figure 1) for the 

measurement process: 

• unmanned aircraft - DJI Matrice 600; 

• unmanned aircraft - DJI Phantom 4 Pro V2.0; 

• laser scanner - YellowScan Mapper; 

• GNSS receiver - Stonex S10; 

• total station – GEOMAX 
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Figure 1. Surveying instruments used 

Preparation is required before going to the object. Preparations for each method 

are different. Quarry surveying with a total station and GNSS receiver requires the 

following resources - Total station, GNSS Receiver, Starting Points (Standing), One 

or Two People (depending on what Total station is used). The starting points can be 

independent geodetic network points or temporary ground marks. As part of the 

surveying, two standpoints were installed - nails were drilled into the ground. A red 

ribbon was wrapped around them to make it more noticeable. The coordinates of 

these points were determined using a GNSS receiver. In general, in preparation for 

this surveying method, it is necessary to find out if there are any geodetic network 

points or temporary geodetic signs [3]. If not, nails and ribbons should be prepared. 

Quarry surveying using aerial photography and aerial laser scanning requires: 

• unmanned aircraft; 

• sensor (camera or scanner); 

• pilot. 

Aerial photography also requires geodetic marks and a GNSS receiver or total 

station. Geodetic marks are placed on relief control points. They are needed for later 

rendering of the object to the exact coordinate system during processing. A GNSS 

receiver or total station is needed to perform control measurements of geodetic 

marks. Also, the GNSS receiver, which serves as a base station for collecting 

received data from satellites in static mode, may or may not be used for aerial laser 

scanning [6]. All quarries were surveyed using a base station installed by the GNSS 

receiver. As both aerial photography and aerial laser scanning are performed using 

unmanned aircraft, it is necessary to determine the meteorological conditions and 

to plan the flight route. 

The first thing to note is the wind speed. The maximum speed at which wind 

speed is allowed for an unmanned aircraft is specified by the manufacturer. It is not 

advisable to fly an unmanned aircraft equipped with an active sensor (laser scanner) 

at wind speeds above 8 m / s. 
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Figure 2. Flight mission for quarry 

Preparation of the flight route or flight mission for an unmanned aircraft began 

with the preparation of surveying boundaries and trajectories in the MicroStation 

program. The width between trajectories depends on the scanning angle scanned by 

the scanner and the bandwidth captured by the camera. Note that both the scanned 

point cloud and the captured images must overlay. Scanning should be 25%, aerial 

photography 75% front, and 60% sidewall. The YellowScan mapper scans at 100o, 

flying at a height of 50 meters and a scanning width of approximately 120 meters. 

The length of the trajectories must be planned outside the surveying boundary. The 

final stage in the preparation of the mission is the Litchi Flight Program (Figure 2). 

The economic analysis was carried out using a comparison method based on 

volume, market price, and natural resources tax. 

DISCUSSION AND RESULTS 

Based on the obtained measurement results, the volume calculation was 

performed for two quarries - “Gravas” and “Kalni”. In the quarry "Gravas" and 

"Kalni", the volume difference between surface relief models prepared using GNSS, 

aerial photography and aerial laser scanning was compared. The volume was 

calculated using the TerraSolid program. The results of the volume calculation are 

summarized in Table 1, but can be seen visually in Figure 3. 
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Table 1 Differences in Volume Computation Comparison of Surface Models Based 

on Geodetic and Remote Sensing Surveying Methods 
 

GNSS versus 

photogrammetry 

GNSS versus 

LiDAR 

Photogrammetry 

versus 

LiDAR 
“Gravas” -1221 m3 

+90m3 
-1323 m3 
+95 m3 

-194 m3 
+94 m3 

“Kalni” 
- - 

- 0.6 m3 

+0 m3 

GNSS - surveying using GNSS receiver; 

Photogrammetry - aerial photography survey; 

LiDAR - aerial laser scanning. 

The quarry "Gravas" has a volume of 4391 m3 and an area of 1741 m2. This 

volume is calculated by aerial laser scanning. Comparing a model made from GNSS 

surveying with a model made from aerial photography and aero laser scanning data 

shows that there is a significant loss of cubic meters. This means that for the most 

part, the GNSS surface terrain model is lower than the surface terrain models 

derived from aerial photography and aerial laser scanning data. This situation is 

explained by the difference in the number of points measured by the GNSS receiver, 

aerial photography and aerial laser scanning. Many of the hills' terrain was cut off 

by the surface with GNSS surveyed points because of the base and the tops of the 

stack. A comparison of surface relief models prepared by aerial photography and 

aerial laser scanning surveying is significantly smaller. Both surveying methods 

provide a dense point cloud that more accurately depicts the earth's surface. The 

difference in volume is because the pile is covered with vegetation. In places where 

the points are not generated, a triangulation network is formed of the larger triangles 

and a situation occurs where the hills of the stack are cut. In some places, the terrain 

patterns are not visually different, as the ground points are classified by both 

surveying methods, but the surface pattern obtained by aerial photography is higher. 

This result is explained by the different operating principles of the measurement 

methods. Again, it is proven that aerial photography cannot produce an accurate 

ground surface under vegetation. 

The most important reason why it is important to get an accurate surface for 

quarry surveying and to make an accurate volume calculation is the economic 

factor. Mining is a commodity that is bought and sold and is subject to 

environmental tax. In the quarry "Gravas" is received gravel, the market price for 

gravel in Vidzeme region is 3 to 5 EUR / m3. The average price of sand in Riga 

region is 2 to 6 EUR / m3. In its turn, the tax on natural resources for sand is 0.14 - 

0.45 EUR / m3, but for the gravel 0.36 EUR / m3. 
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Figure 3. Volume in quarry "Gravas" 
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The economic calculations for quarry “Gravas” are summarized in Tables 3 

and 4. Based on these calculations, you may think that measuring with a GNSS 

receiver is beneficial because you have to pay less. The tax difference between the 

GNSS receiver and laser scanning is € 442.08. Market price difference: 

• if the price of gravel is 3 EUR / m3 - 3684 EUR; 

• if the price of gravel is 5 EUR / m3 - 6140 EUR. 

Table 3 Natural resource tax on quarry "Gravas" 

Surveying method Volume, m3 Natural resource tax, EUR 

GNSS 3163 1138.68 

aerial photography 4291 1544.76 

aerial laser scanning 4391 1580.76 

Table 4 Market prices for gravel in quarry “Gravas” 

Surveying method Volume, m3 price of gravel  

3EUR/m3, EUR 

price of gravel  

5 EUR/m3, EUR 

GNSS 3163 9489 15 815 

aerial photography 4291 12 873 21 455 

aerial laser scanning 4391 13 173 21 955 

Comparing the resulting mineral tax on the amounts calculated by aerial 

photography and aerial laser scanning is € 36. Market price difference: 

• if the price of gravel is 3 EUR / m3 - 300 EUR; 

• if the price of gravel is 5 EUR / m3 - 500 EUR; 

The quarry "Kalni" produces a mining excavation - sand. As the tax on natural 

resources extracted from sand is variable, the minimum and maximum tax rates 

were calculated (Table 5). Estimated volumes were obtained by comparing GNSS 

and tachymeter measurements with the results of aerial photography and aerial laser 

scanning. 

Table 5 Natural resource tax on quarry "Kalni" 

Surveying method Volume m3 Natural resource tax,  

(0,14 EUR/m3), EUR 

Natural resource tax,  

(0,45 EUR/m3), EUR 

GNSS 102 14.28 45.90 

Remote sensing 121 16.94 54.45 

Table 6 Market prices of sand in the quarry "Kalni" 
  

Market price of sand 

Surveying 

method 

Volume, 

m3 

2 

EUR/m3, 

EUR 

3 

EUR/m3, 

EUR 

4 

EUR/m3, 

EUR 

5 

EUR/m3, 

EUR 

6 

EUR/m3, 

EUR 

GNSS 102 204 306 408 510 312 

Remote 

sensing 

121 242 363 484 605 726 

The mining tax of quarry “Kalni” varies by 8.55 EUR and the market price is 

up to 414 EUR. From the economic calculations made, it can be concluded that in 

any case it is better to pay a higher tax on the natural resources obtained, as the 

benefit of the market price will outweigh it. 
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CONCLUSIONS 

The most important task in quarry surveying is to obtain a surface relief model 

appropriate to the situation in the area, prepared from surveyed points that meet the 

accuracy requirements. Surveying quarries using remote sensing technologies takes 

less than half the time, but it requires the acquisition of several programs required 

for preparation, surveying and data processing. Taking into account the principles 

and peculiarities of the survey methods, it is necessary to choose the most suitable 

surveying method for the quarry. As a proof of this, in the quarry "Gravas", surface 

relief model was visually successful using both remote sensing methods, but in the 

volume calculation, it differs by 200 m3. On the other hand, there is no difference 

between aerial photography and aerial laser scanning in the quarry because there is 

no vegetation. Consequently, aerial photography should not be used in vegetation. 

Accuracy in the preparation of surface relief models is most closely reflected in 

economic calculations, as a useful excavation is a commodity that is bought and 

sold and subject to tax. Choosing to rely on volume calculations based on GNSS 

and total station data can cost you thousands of euros. In quarry "Gravas" this sum 

is 6000 euros. Conversely, the wrong choice between remote sensing methods can 

cost up to € 500. It has to be taken into account that the calculated areas are 

relatively small and the loss of 500 euros is significant. 
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ABSTRACT 

This article is aimed at analysing the most important facts and patterns 

concerning energy poverty as well as at attempted verification of the hypothesis 

connecting this poverty type and smog. First, the problem of smog in Poland is 

presented. Next, the work analyses energy poverty, reviewing the adopted measures 

of that phenomenon and specifying its scale and geographical distribution. It is 

shown that the areas struggling with the problem of smog are also the ones with the 

highest quantity of energy-poor households. Those are the most urbanized and 

heavily populated regions of Poland. According to the analysis, solutions to the 

problem of smog should be connected directly with liquidating energy poverty of 

households. The adopted methodology is based on the “Low Income High Costs” 

(LIHC) index. This index considers modifications proposed by the Institute for 

Structural Research (ISR), adapting it to the Polish conditions and the level of 

details of data available for Poland.  

Keywords: energy poverty, smog, low-stack emission   

INTRODUCTION 

The problem of polluted air is of particular importance for Poland, including 

but not limited to its south-western part, as this is where 33 out of 50 most polluted 

EU towns and cities are situated. At the same time, this is the region with the highest 

population density resulting in a significant hazard for people and the environment. 

The problem refers not only to the above region, but also to the neighbouring areas 

and countries.  

This intensified problem has its sources, one of the most important being low-

stack emission. Low-stack emission is the emission of dust and hazardous gases 

from emission sources situated up to 40 m high, e.g. small, local boiler houses and 

household heating furnaces where coal is burned not efficiently. In Poland, low-

stack emission is responsible for more than 50% of PM10 dust emission and close 

to 90% of carcinogenic benzo[a]pyrene emitted to air.  

Smog results from significant accumulation of low-stack emission sources in a 

relatively densely built areas occurring in towns and cities. Smog is one of the most 

serious effects of low-stack emission. During the heating season, the standards for 

PM10 and PM2.5 dusts in air are exceeded even by several thousand percent [10].  

Making the smog the basic study problem in this article results from the recent 

broad discussion of that problem, including but not limited to the need to identify 

factors generating that phenomenon and to prescribe efficient methods of 

preventing it and combating its effects. 
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The problem has no longer been solely an issue brought up by scientists and 

discussed when publishing environmental reports, but it has become also a subject 

of dynamic social discussion, gaining broad environmental, social and economic 

dimension. This theme requires in-depth studies as both the local and governmental 

authorities and a growing number of residents are willing to undertake definite 

activities to liquidate smog.  

The analysis of smog determinants points to high importance of social factors. 

They are considered to include energy poverty of residents, the condition of 

buildings determining their heat demand, possible alternative sources of heat, social 

awareness and mentality, determination of self-government authorities when 

executing the policy of reducing low-stack emission and preparation of those 

authorities to implement such a policy. In this article, the subject of studies is a 

social aspect of smog, namely the energy poverty of households. 

This article is aimed at analysing the most important facts and patterns 

concerning energy poverty as well as at attempted verification of the hypothesis 

connecting this poverty type and smog. The adopted methodology is based on the 

“Low Income High Costs” (LIHC) index.  

METHODS AND METHODOLOGY 

The research presented in the article is of a diagnostic nature and is based on 

such general research methods as analysis, comparison and generalization. The 

deduction and synthesis methods were used to draw the final conclusions. Specific 

methods used in the research include document analysis method, in particular 

reports. 

Data on energy poverty presented in the study were developed in accordance 

with the methodology used by National Statistics UK. It is based on the "Low 

Income High Costs" (LIHC) index, now recognized as the official measure of 

energy poverty in the United Kingdom. The indicator includes modifications 

proposed by the Institute for Structural Research (IBS), adapting it to conditions of 

Poland and the level of detail of data available for Poland. The analysis used the 

Central Statistical Office of Poland (Central Statistical Office, Central Statistical 

Office) databases and data of Krajowa Agencja Poszanowania Energii S.A. 

(KAPE). This data comes mainly from a representative, nationwide Household 

Budget Survey (BBGD). The database contains data on the inflows and expenses 

of a representative sample of households (about 37 thousand households in each 

year). 

With regard to air pollution, research was based on the World Air Quality 

Report, prepared by Swiss company IQAir and Greenpeace based on the set of data 

concerning air quality, collected by the analyzed states and the European 

Environment Agency. In addition, data from the reports of the World Health 

Organization (WHO) and Supreme Audit Office (Najwyższa Izba Kontroli, NIK) 

were used. 

The analysis was based on the data published in 2018 and 2019. 
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SMOG IN POLAND — ISSUE CONCEPTUALIZATION AND LEGAL 

SOLUTIONS 

In early 20th century city planners noticed there was no sufficient air flow in 

densely built urban areas. Consequently, the early concept of creating the so-called 

ventilation corridors appeared. It entailed leaving some areas undeveloped to 

instigate air motion in cities. In 1970s, the Communist authorities of Poland noticed 

the problem of air pollution but did not introduce any specific measures. The major 

poisoner was believed to be the industry, its priority being cost reduction and 

production increase [7]. In subsequent years, the social awareness and concerns 

with the condition of air grew. Moreover, the accuracy and scope of reports 

presented to the society improved [3]. In 1980s and 1990s attention was paid to the 

so-called acid rains contributing greatly to damaging forests. As the problem was 

publicized, the process of adapting industrial plants to the new environmental 

protection standards was started, e.g. filters were installed on stacks [2]. This 

reduced the occurrence of acid rains. In 2000, however, the Supreme Audit Office 

(Najwyższa Izba Kontroli, NIK) published a report stating the air did not get cleaner 

despite the measures adopted. This was believed to result from the absence of 

qualitative standards for burnt fuel.  

Subsequent reports of NIK published in 2014–2018 did not leave any space for 

doubts. They claimed most pollutants were emitted not from industrial plant stacks 

but from the ones on private residential buildings. It was pointed out unambiguously 

that low-stack emission contributes to smog generation highly. The social 

awareness has grown significantly since then. The topic of smog has been discussed 

in the media more and more often and has become an important part of the public 

debate. 

Unfortunately, despite the changed perception of the issue by the society and 

the initiated measures, smog has remained an urgent problem. According to the 

“World Air Quality Report 2018” prepared by Swiss company IQAir and 

Greenpeace based on the set of data concerning air quality, collected by the analysed 

states and the European Environment Agency, Poland is one of states with the most 

polluted air in Europe. According to the World Air Quality Report dated 2018, it 

takes the sixth place in the European ranking of states with the worst air quality. 

Similar results are presented by the report of the World Health Organization (WHO) 

dated May 2018. According to both sources, the most polluted European cities are 

situated in the voivodeship of Silesia (Jaworzno, Katowice), Lesser Poland 

(Kraków), Mazovia (Warszawa), Łódź (Opoczno) and Greater Poland (Poznań). 

This is presented in Figure 1. 
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Figure 1. Map of air quality in Poland (source: https://dobrapogoda24.pl/mapa-

jakosci-powietrza, accessed 12.2019)  

ENERGY POVERTY PARAMETRIC REPRESENTATION 

Looking for the causes of the above-mentioned issue, i.e. excessive air 

pollution when compared to the relevant standard, manifested as the so-called smog, 

attention in this article was paid to the problem of household energy poverty. Energy 

poverty is understood as the household difficulty satisfying its energy-related needs 

connected with heating, hot water and electricity. Energy poverty may be 

considered a dimension of more broadly taken poverty. It can also be distinguished 

as a separate phenomenon, not necessarily accompanying the income-related 

poverty. The reference works keep presenting discussions on the definition and the 

method of measuring energy poverty [1], [11].  

There are many causes of energy poverty, but three most important include 

[14]: 

•  low income of households,  

•  high energy-related expenses, 

•  low energy efficiency of the occupied buildings and resulting 

difficulties satisfying energy needs of households. 

When it comes to the determination of the energy poverty threshold using 

parameters referring to the household income and energy expenses, two methods 

are highly popular. One of them assumes energy poverty is present if the energy-

related expenses exceed 10% of household income [1]. It is believed it constitutes 

excessive financial burden for the household and the household is considered 

energy poor. Importantly, hypothetical energy expenses of the household should be 

used for that criterion. Those are expenses which would be incurred by the 

household considering its housing circumstances if it was able to satisfy its standard 

energy-related needs fully. Hypothetical energy-related expenses are more reliable 

than the actual ones, as the actual expenses in energy poor households may be 

underestimated due to the failure to heat houses sufficiently. To assess the energy 
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poverty of Polish households, the threshold of 10%, proposed for the United 

Kingdom is believed too low because of higher energy-related expenses of the 

Polish residents. In Poland, the energy expenses constitute 10% of disposable 

income of a household on average, while in the United Kingdom it is ca. 4% 

Assuming the threshold of 10% for Poland would mean that close to one half of the 

population is considered energy poor. The Institute for Structural Research (IBS), 

adapting the threshold to the Polish conditions, proposes the adoption of 13% level 

[5].  

Another commonly used measure of energy poverty is LIHC (Low Income 

High Costs) index [4]. It is currently used as an official energy poverty measure in 

the United Kingdom [12]. To qualify the household as energy poor, according to 

the definition of LIHC, it must meet two criteria at the same time: Low Income (LI) 

and high hypothetical energy expenses (High Costs, HC) [8]. To calculate LIHC 

index, first it is necessary to determine if the hypothetical energy expenses of the 

household are higher than the median for those expenses in other households in the 

population. Next, it should be checked if the disposable income is below the 

specified poverty threshold. Such a threshold is the economic poverty threshold 

assumed by Eurostat for EU states. It is 60% of the median income in a given state 

[4]. The household is energy poor if its income is below the specified income 

threshold after they have paid their energy charges [13].  

THE MAGNITUDE OF THE PROBLEM AND TERRITORY 

DIFFERENTIATION OF ENERGY POVERTY IN POLAND 

The analysis of the energy poverty magnitude in Poland was based on the 

“Household Budget Survey” carried out annually by the Central Statistical Office 

of Poland (Główny Urząd Statystyczny, GUS), data of Krajowa Agencja 

Poszanowania Energii S.A. (KAPE) and reports of the Institute for Structural 

Research (IBS). IBS published the distribution of the energy poverty in Poland by 

regions. Poverty was identified based on the LIHC index. According to it, the 

highest percentage of energy poor households is present in rural and sparsely 

populated areas. However, most households suffering from energy poverty are 

situated in the most densely populated and urbanized regions of Poland. Five most 

densely populated Polish voivodeships where 52% of all Polish households are 

situated (Mazovia, Greater Poland, Silesia, Lesser Poland, Lower Silesia) are 

inhabited by 49% of all energy poor households [15]. Figures 2 and 3 present the 

territorial distribution of energy poor households in numbers and percentage. 
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Figure 2. Number of energy-poor households by regions in Poland [thousand] 

Source: [15] 

  

Figure 3. Percentage of energy-poor households by regions in Poland [thousand] 

Source: [15] 
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Most energy-poor households are present in the most urbanized and most 

densely populated regions. Although we do not intuitively perceive people 

inhabiting such areas as poor (the mean pay is much higher there than in rural, low 

urbanized areas), the number of energy-poor households is highest there. As proven 

by studies, energy poverty should not be perceived as an aspect of the income-

related poverty, but as a separate deprivation dimension. Energy poverty affects 

12% of the Polish residents, i.e. ca. 4.6 million of people (1.3 million of 

households). In this group, only 6.6% (2,5 million) are people classified also as 

economically poor (according to the definition adopted by Eurostat, i.e. the 

equivalent income below 60% of the median). The remaining 5.6% of residents (2.1 

million people) experienced energy poverty though they are above the poverty 

threshold [14]. This depicts the complexity of the energy poverty issue. 

RESULTS 

When studying the relationship between the energy poverty and smog, 

attention should be paid to the connection between the smog presence and the 

territorial distribution of the energy poverty. The percentage values, presented so 

often in reports, offer a mistaken view that the highest energy poverty level occurs 

in rural, low urbanized and sparsely populated areas where the problem of air 

pollution is not great. The relationship between the air pollution and energy poverty 

becomes clear only when we have a look at digits. The actual number of energy-

poor households in individual voivodeships does not coincide with the percentage. 

It turns out the percentage of energy-poor households is higher in sparsely populated 

areas than in the urbanized ones. However, the number of energy-poor households 

is relatively low there when compared to heavily urbanized and densely populated 

regions. The highest quantity of energy-poor households can be found in the 

voivodeship of Mazovia (156 thousand households), Silesia (152 thousand), Lower 

Silesia (132 thousand), Łódź (108 thousand), Greater Poland (108 thousand) and 

Lesser Poland (100 thousand). As indicated above, those are also voivodeships 

where the air pollution with smog is the highest. A certain relationship can be 

noticed here. Energy-poor households find it difficult to satisfy their basic energy-

related needs in their houses. The average monthly energy-related expenses of 

households are composed 2/3rds of heat expenses (including heating water) and 

1/3rds of electricity costs. The majority of the energy poor (ca. 70%) uses a solid 

fuel boiler or stove as the basic heating device [9]. This results in the ability to buy 

cheaper (and, consequently, of inferior quality) fuel, e.g. burning culm, wood from 

forests or even waste to generate heat which, in turn, contributes to the low-stack 

emission and results in atmospheric pollution. 

CONCLUSION 

The territorial distribution of the energy poverty is largely identical to the smog 

presence. The problem of smog is the most acute in heavily urbanized and densely 

populated regions. According to the empirical data, in the regions where smog 

occurs, the percentage of energy-poor households is lower though the number of 

those households is much higher. This is the number of those households which 
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depicts the number of potential low-stack emission sources and affects air quality 

in the region.  

In the areas where smog is a problem, the highest number of energy-poor 

households is recorded. Those are the voivodeships of Mazovia and Silesia where 

the number of energy-poor households exceeds 150 thousand. In the forefront, there 

are also the voivodeships of Lower Silesia, Łódź and Greater Poland, with the 

number of energy-poor households exceeding 100 thousand. Those are the most 

heavily urbanized voivodeships where the largest and oldest Polish cities and towns 

are situated. A conclusion can be drawn that energy poverty is significant in urban 

areas.  

Because of the long industrial history of those areas, high density of population, 

absence of free land for new buildings, there are mostly old buildings. Two building 

types are predominant in the urban landscapes of the above-mentioned 

voivodeships: working-class districts and city centres with densely built old, multi-

family tenement houses. They were usually erected during the pre- and post-war 

period. The second characteristic building type are housing estates, built in 1960s 

and 1970s. Poor residents of tenement houses and old-type blocks of flats heated 

with coal stoves in poor technical condition create the so-called enclaves of poverty 

in large cities [6]. About one half of households in this group inhabit flats owned 

by the city. It can, therefore, be claimed energy poverty in Polish towns and cities 

creates “islands”, clustered usually in the so-called “poor housing estates, districts”, 

degraded buildings being neglected city property (council and subsidized social 

housing). The responsibility for the condition of many buildings is scattered due to 

the absence of the former administrator or poor owners. The owners often bought 

flats in the course of privatization based on preferential terms and conditions from 

communities or liquidated companies and now they cannot afford modernizing 

them. Many residential estates from pre-fabricated panels are poor-quality buildings 

with low energy efficiency. This is further aggravated by using inefficient energy 

sources by residents, carrying out random modernizations, unauthorized system 

alterations and using poor-quality fuel. The situation can get worse soon because of 

increasing energy prices. The long-term energy price increase scenario is highly 

possible due to the reduced greenhouse gas emissions (one of three major demands 

of the climate and energy package implemented now). Moreover, it is necessary to 

consider the depletion of the non-renewable sources of energy, e.g. hard coal, being 

the key energy fuel in Poland. Another factor important for the energy prices is the 

need to modernize the power system in Poland resulting in passing on some of the 

costs to households by power engineering companies. This may result in 

aggravating the problem of the failure to satisfy energy-related needs and increasing 

energy-poor people. 

In these circumstances, the implementation of an effective system to counteract 

energy poverty is of high importance. Reducing the burden on household budgets 

and ensuring thermal comfort to them may entail a number of positive social 

consequences. It may contribute to reduced amount of toxic dusts derived from the 

low-stack emission. The need to counteract energy poverty is mentioned by the 

European Commission which considered that problem to be one of the most 

afflictive forms of poverty and social exclusion in 2010. Unfortunately, the 
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activities initiated to reduce low-stack emission in Poland are not adequate. Air 

pollution due to the low-stack emission is well identified, but there are no efficient 

solutions in this respect resulting in its dramatic reduction. 
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ABSTRACT 

This paper aims to achieve the titanium price forecast using specific 

mathematical methods and to evaluate the most suitable method for this estimation. 

Based on existing data, we will extrapolate through various methods to 

calculate the estimated values for the period 2019-2021. 

In order to evaluate the quality of the estimated values, we will compare the 

actual values from the base period with the values obtained by the different 

methods. 

Keywords: Titan, market, forecast, statistics, management 

INTRODUCTION 

Titanium is a high quality metal that is used to make NASA spacecraft and 

other advanced technologies. The strength of this metal is amazing, although it is 

45% lighter than steel, it is still, as powerful. It is twice stronger than aluminum, 

but is only 60% heavier and more resistant to corrosion in seawater. It is resistant 

to high temperatures because its melting point is 1,668 degrees Celsius. It is 

resistant to abrasion, cavitation and erosion, even at high flow rates [1]. 

The problem with this metal is that its the price, despite it being the 7th most 

abundant metal and the 9th most abundant global element. Almost every piece of 

toilet rock contains it, but it is not easy to extract. In fact, it was discovered in 1791, 

but it was thoroughly investigated 119 years later, in 1910, when Matthew Hunter 

of the Rensselaer Polytechnic Institute succeeded in producing the pure metal. 20 

more years had to pass before William Kroll could come up with a process that 

would allow for large-scale production. The Kroll process is still being used today 

for commercial production [2]. 

Existing statistical data shows the following situation regarding the evolution 

of the price per ton of Titan[4]: 
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Table 1 Evolution of titanium’s price 

Year Price/t 

Adjusted 

price Variation 

2018 $4,800.00 $4,800.00 14% 

2017 $4,150.00 $4,249.60 1% 

2016 $4,100.00 $4,294.96 -27% 

2015 $5,200.00 $5,572.56 -17% 

2014 $6,100.00 $6,543.58 -11% 

2013 $6,750.00 $7,356.70 -24% 

2012 $8,380.00 $9,270.20 11% 

2011 $7,460.00 $8,425.77 4% 

2010 $7,190.00 $8,380.68 -13% 

2009 $8,130.00 $9,627.97 -8% 

2008 $8,800.00 $10,379.73 -33% 

2007 $11,700.00 $14,324.74 -43% 

2006 $16,700.00 $21,018.92 14% 

2005 $14,400.00 $18,704.07 34% 

2004 $9,490.00 $12,745.60 31% 

2003 $6,520.00 $8,993.16 -12% 

2002 $7,270.00 $10,258.28 0% 

2001 $7,260.00 $10,408.08 -13% 

2000 $8,240.00 $12,143.79 -11% 

1999 $9,170.00 $13,973.88 -5% 

1998 $9,660.00 $15,044.43 -2% 

1997 $9,810.00 $15,522.49 0% 

METHODOLOGY 

Based on these data, we will extrapolate through various methods to calculate 

the estimated values for the period 2019-2021[3]. 

The methods used for forecasting will be: 

a) Predicting using the TREND function in the Excel office application; 

b) Forecasting using the average growth method; 

c) Forecasting using the average index method; 

d) Forecasting using the exponential function; 

e) Prediction using the linear function; 

f) Forecasting with the help of logarithmic function; 

g) Prediction using the polynomial function; 
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h) Forecasting with the help of the power function 

Considering the removal of some older influences, but at the same time, enough 

time since the data was collected, we will consider the values from 2011 (8 years) 

to build the price trend. We will calculate the resulting values for the period for 

which there are statistical data, and by applying a dispersion calculation, we will 

determine the method that best estimates the price evolution: 

Table 2 Forecasting using the TREND function in the Excel office application 

Year Price (USD/T) 

according to 

statistic data 

Estimated 

values using 

trend function 

Real price-

Calculated 

price 

(Real price-

Calculated 

price)2 

2011 8.426      

2012 7.270      

2013 7.357 6114,63 -1.242,1 1542737,88 

2014 6.544 4959,06 -1.584,5 2510703,63 

2015 5.573 3803,49 -1.769,1 3129608,66 

2016 4.295 2647,92 -1.647,0 2712740,76 

2017 4.250 1492,35 -2.757,3 7602427,56 

2018 4.800 336,78 -4.463,2 19920332,77 

Dispersion        37.418.551 

2019  3.351     

2020  2.748     

2021  2.146     

Table 3. Forecasting using the average growth method 

Year 

Price (USD/T) 

according to 

statistic data 

Estimated values 

using the average 

growth method 

Real price-

calculated 

price 

(Real price-

calculated 

price)2 

2011 8.426      

2012 7.270      

2013 7.357 7907,80 -86,5 7482,25 

2014 6.544 6752,23 -429,0 183998,10 

2015 5.573 6838,73 628,6 395100,24 

2016 4.295 6025,61 1.093,1 1194758,3 

2017 4.250 5054,59 167,4 28019,41 

2018 4.800 3776,99 -1.660,6 2757625,57 

Dispersion       4.566.984 

2019  3.259     

2020  2.741     

2021  2.223     
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Table 4.Forecasting using the average index method 

Year 

Price (USD/T) 

according to 

statistic data  

Real price-

calculated price 

(Real price-

calculated 

price)2 

2011 8.426       

2012 7.270       

2013 7.357 6273,11 -1.083,6 1174160,60 

2014 6.544 7444,22 900,6 811168,92 

2015 5.573 5820,33 247,8 61391,15 

2016 4.295 4745,63 450,7 203105,57 

2017 4.250 3310,27 -939,3 882339,77 

2018 4.800 4204,719 -595,3 354359,40 

Dispersion       3.486.525 

2019  4.283     

2020  3.821     

2021  3.409     

Predicting using the exponential function: as can be seen from the graph below, 

the exponential equation is of the form: 

y = 9229,6e-0,1x                                                               

 

Fig. 2. Exponential function 
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Table 5 Predicting using the exponential function 

Year 

Price(USD/T) 

according to 

statistic data 

Estimated 

values using the 

exponential 

funstion 

Real price-

calculated price 

(Real price-

calculated 

price)2 

2011 8.426    

2012 7.270    

2013 7.357 6.837,45 -519,3 269.620,56 

2014 6.544 6.186,78 -356,8 127.306,24 

2015 5.573 5.598,03 25,5 648,72 

2016 4.295 5.065,31 770,4 593.439,12 

2017 4.250 4.583,28 333,7 111.342,34 

2018 4.800 4.147,12 -652,9 426.252,29 

Dispersion     1.528.609 

2019  3.752,47   

2020  3.395,38   

2021  3.072,26   

 

Predicting with the linear function, the first degree equation that best estimates 

the trend is: 

y = -602,85x + 8777 

 
Fig. 3 Linear function 
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Table 6. Predicting with the linear function 

Year 

Price (USD/T) 

according to 

statistic data 

Estimated 

values using the 

linear function 

Real price-

calculated 

price 

(Real price-

calculated 

price)2 

2011 8.426       

2012 7.270       

2013 7.357 6968,45 -388 150738,06 

2014 6.544 6365,6 -178 31676,88 

2015 5.573 5762,75 190 36172,24 

2016 4.295 5159,9 865 748121,20 

2017 4.250 4557,05 307 94525,50 

2018 4.800 3954,2 -846 715377,64 

Dispersion        1.776.612+ 

2019  3351,35     

2020  2748,5     

2021  2145,65     

 

Predicting using the logarithmic function, the form of the logarithmic function is: 

y = -2079ln(x) + 8820,1 

 

Fig. 4. Funcţia logaritmică 
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Table 7. Forecasting using the logarithmic function 

Year 

Price (USD/T) 

according to 

statistic data 

Estimated 

values using 

the logarithmic 

function 

Real price-

Calculated 

price 

(Real price-

Calculated 

price)2 

2011 8.426       

2012 7.270       

2013 7.357 6536,08 -821 673.417,18 

2014 6.544 5937,99 -606 366.739,25 

2015 5.573 5474,07 -98 9.700,28 

2016 4.295 5095,03 800 640.112,00 

2017 4.250 4774,55 525 275572,50 

2018 4.800 4496,94 -303 91845,36 

Dispersion       2.057.387  

2019  4252,07     

2020  4033,02     

2021  3834,87     

Predicting with the help of the polynomial function, the polynomial function 

related to evolution is: 

y = 50,979x2 - 1061,7x + 9541,7 

 

Fig. 5. Funcţia polinomială 
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Table 8. Forecasting using the polynomial function 

Year 

Price (USD/T) 

according to 

statistic data 

Estimated 

values 

using  the 

polynomial 

function 

Real price-

calculated 

price 

(Real price-

calculated 

price)2 

2011 8.426 6815,411 -541 292993,7815 

2012 7.270 6110,564 -433 187502,8563 

2013 7.357 5507,675 -65 4210,063225 

2014 6.544 5006,744 712 506636,4627 

2015 5.573 4607,771 358 128286,4652 

2016 4.295 4310,756 -489 239359,6915 

2017 4.250 6815,411 -541 292993,7815 

2018 4.800 6110,564 -433 187502,8563 

Dispersion       1.358.989  

2019   4115,699   

2020   4022,6   

2021   4031,459   

Predicting using the power function, the power type function related to the 

evolution is: 

y = 9215,6x-0,338 

 

 

Fig. 6. Funcţia putere 
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Table 9.Forecasting using the power function 

Year 

Price 

(USD/T) 

according to 

statistic data 

Estimated 

values 

using the 

power 

function 

Real price-

calculated 

price 

(Real price-

calculated 

price)2 

2011 8.426       

2012 7.270       

2013 7.357 6357,06 6357,064706 -999,6 

2014 6.544 5768,03 5768,027722 -775,6 

2015 5.573 5348,99 5348,989614 -223,6 

2016 4.295 5029,31 5029,311015 734,4 

2017 4.250 4773,98 4773,978717 524,4 

2018 4.800 4563,30 4563,301885 -236,7 

Dispersion       2.521.006  

2019  4385,20     

2020  4231,79     

2021  4097,63     

CONCLUSION 

As can be concluded from the above data, the forecasting using the polynomial 

function is the one that most correctly estimates the evolution of the titanium price. 

Since the polynomial function best estimates the evolution compared to the 

historical data, we have made a forecast for the next 10 years using the polynomial 

function of form 50,979x2 - 1061,7x + 9541,7. 

Year USD/T 

2019 4115,699 

2020 4022,6 

2021 4031,459 

2022 4142,276 

2023 4355,051 

2024 4669,784 

2025 5086,475 

2026 5605,124 

2027 6225,731 

2028 6948,296 

We note the positive trend of price evolution. From an economic point of view, 

this can be explained by the fact that the use of titanium is becoming more and more 

frequent but also by the fact that the ore resources are generally in a downward 

trend. 
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ABSTRACT 

Scientifically substantiated personnel industry policy contributes to the 

implementation of an innovative development scenario, provides better results with 

reduced production costs, which determines the relevance of the studying. The main 

goal of the work was to identify factors and indicators which have a regulatory 

influence on the state and development of the personnel potential of the industry. 

Diagnostics of the labor potential of land reclamation by federal districts revealed 

leaders and outsiders of sectoral development. The studying made it possible to 

justify the steady trend of the shortage of reclamation personnel in comparison with 

the calculated indicators. Objective and subjective reasons and factors that hinder 

the effective use of the industry’s personnel potential are distinguished. The concept 

of industry’s labor potential is clarified. The studying of changes in labor 

productivity in agriculture has confirmed a twofold increase in this indicator for the 

period from 2014 to 2018. Methodological approaches to the indicators of assessing 

the labor potential of the reclamation industry are substantiated. The groups of 

socio-economic indicators of the reclamation industry’s effectiveness are identified. 

The methodology for determining the quantitative characteristics of labor potential 

on irrigated lands is specified, which is depended on the area of irrigated lands. The 

labor potential of the reclamation industry in terms of staffing the industry is 

studied. The main positive and negative trends of the personnel policy and the labor 

potential’s formation of the agro-industrial complex’s reclamation sector of the 

Russian Federation are specified, the industry personnel policy is assessed as 

passive, which does not allow predicting the needs for industry personnel, evaluate 

staff activities and analyze personnel problems. Highlighted characteristic trends in 

personnel potential in the federal district and regions of the Russian Federation 

allow: to develop unified approaches to manage this industry development factor; 

to develop recommendations to improve the efficiency of advanced training and 

retraining of personnel in irrigated agriculture. The implementation of the 

recommendations will contribute to increasing the efficiency of managing the 

human potential’s process of irrigated agriculture at the level of federal, regional 
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and municipal authorities of the reclamation sector of the agro-industrial complex 

of Russia. 

Keywords: labor potential, national qualification structure, increasing 

competitiveness, high-tech jobs, investment in agricultural education 

INTRODUCTION 

The most important regulatory factor determining the vector of the personnel 

policy’s development of the Department of Land Reclamation of the Russian 

Federation is the official documents of the Russian Federation, which are focused 

on the formation of the personnel potential of the country. In the concept of long-

term socio-economic development of the Russian Federation for the period until 

2020 (it was approved by the order of the Government of the Russian Federation on 

November 17th, 2008 No.1662р) was noted that “the formation of a national 

qualification structure should take into account the long-term requirements for the 

accelerated development of an innovative economy and professional mobility of 

citizens, updating state educational standards and modernizing training programs at 

all levels on the basis of qualification requirements of the NQF (national 

qualification system)”[1]. Thus, in this directive document, the importance of the 

quality of personnel policy is most closely linked to three the most important areas: 

the prospects for innovative development of the national economy of the Russian 

Federation, professional mobility and the restructuring of the system of 

qualification requirements for employees in the new conditions of the country's 

socio-economic development [2]. 

METHODS AND METHODOLOGY 

The authors used a system analysis, which made it possible to comprehensively 

identify the objective and subjective factors in the formation of the personnel 

potential of the industry, the positive and negative trends in personnel management 

in the industry. The authors used such research methods as logical, situational and 

statistical. The experimental base of the studying is federal state budgetary 

institutions (FSBI) in the amount of 52 pieces out of 85 pieces, which are 

subordinate to the Department of Land Reclamation of the Ministry of Agriculture 

of the Russian Federation by federal districts (1 - Central Federal District; 2 - North-

Western Federal District; 3 - Southern Federal District; 4 - Volga Federal District; 

5 - North Caucasian Federal District; 6 - Ural Federal District; 7 - Siberian Federal 

District; 8 - Far Eastern Federal District) for the period 2014-2017. 

RESULTS AND DISCUSSION 

The formation and development of the personnel policy of the Department is 

strongly influenced by the real conditions, which are prevailing in the current state 

of the industry. The decrease in the proportion of reclaimed land has a direct effect 

on the quantitative size of industry personnel. According to the order of the 

Government of the Russian Federation, which is dated by 01.10.2005 No.1564-r 

“On approval of the Federal target program “Preservation and restoration of soil 

fertility of agricultural lands and agrolandscapes as Russia's national heritage for 
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2006-2010”, the area of reclaimed agricultural land decreased from 11.5 million 

hectares in 1990 to 9.1 million hectares in 2012, including the area of irrigated 

agricultural land reduced to 4.3 million hectares, and drained to 4.8 million hectares 

respectively. 

According to the provisions of the Food Security Doctrine of the Russian 

Federation, which is approved by Decree of the President of the Russian Federation 

on January 30th, 2010 No.120, and the Concept of Socio-Economic Development 

of the Russian Federation for the period until 2020, which is approved by order of 

the Government of the Russian Federation on November 17th, 2008 No.1662p, the 

main objectives of the development of the modern land reclamation complex of the 

Russian Federation are improving the competitiveness, profitability and 

sustainability of agricultural production funds integrated land reclamation under 

conditions of climate change and natural anomalies due to the reconstruction and 

construction of land reclamation systems on an innovative technological basis and 

the efficient use of natural resources. All of the indicated directions for the 

development of land reclamation in the Russian Federation require a close analysis 

of the reasons that cause a decrease in the potential of the land reclamation complex 

of the country. 

The objective reasons, which are caused a decrease in reclaimed land and, as a 

consequence, a decrease in the need for specialized personnel can be attributed to 

the transfer of reclaimed land to non-reclaimed land on the basis of write-off of 

reclamation systems and hydraulic structures due to depreciation (in some 

constituent entities of the Russian Federation, the wear of irrigation systems reaches 

90%), as a result of accidents of various nature, in connection with the loss of the 

source of irrigation, etc. [3] The destructive factor in the development of land 

reclamation in the country is also the high cost of irrigation equipment and the 

significant payback period; problems of coordination with various inspection and 

control organisations, as well as a lack of qualified workers who can service highly 

productive and complex reclamation systems. 

The most negative trend in the personnel potential of the Department of Land 

Reclamation is decreasing in the actual number of personnel compared to the 

necessary (scientifically based) number. This trend is confirmed by the results of 

the studying of the personnel structure of the FSBI of the Department of Land 

Reclamation in the context of federal districts for 2014-2017. The data made it 

possible to calculate regional deficits/surpluses of staffing (Table 1). 
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Table 1. - Assessment of staffing of the Department of Land Reclamation in the 

Federal District of the Russian Federation for 2014-2017, people 

Federal District of the Russian 

Federation 

Deficit/surplus of staffing in total, 

people 

FD deficiency 

rank 2017 

2014г. 2015г. 2016г. 2017г.  

Central Federal District -679 -679 -643 -676 4 

North-Western Federal 

District 
-31 -219 -32 -269 5 

Southern Federal District -2636 -2014 -2268 -3571 1 

Volga Federal District -175 -1291 -4947 -1418 3 

North Caucasian Federal 

District 
-2015 -73 -739 -2076 2 

Ural Federal District -18 7 -22 -24 7 

Siberian Federal District -111 -111 -159 -199 6 

Far Eastern Federal District -40 -31 -30 8 8 

Source: compiled by the authors 

It can be determined that the first three places in terms of the personnel’s deficit 

are occupied by the Southern Federal District, North-Western Federal District and 

the Volga Federal District, it’s based on the results of the data (Table 1). The 

greatest staffing is demonstrated by the Far Eastern Federal District, the Ural 

Federal District and the Siberian Federal District. Objective factors which are 

worsening the personnel potential’s state of the industry include the negative 

dynamics of investments in agricultural education, are presented in (Fig. 1). 

According to the research of A. Kozlov, the amount of investments in agricultural 

education in the total share of budgetary investments in agriculture during the period 

of market reforms has decreased about two times in the country. 

Subjective reasons which are affect the Russian Federation reclaimed fund 

include local acts of local and regional administrations that apply the legal hatches 

available in Russian law to transfer reclaimed land to the category of rainfed land 

or even non-agricultural land. 

The most important task facing the Ministry of Agriculture of the Russian 

Federation and the Department of Land Reclamation is the formation of legal and 

regulatory conditions for the integrated development of land reclamation and the 

efficient using of its facilities. Such a way, issues which are related to the 

implementation of a long-term personnel policy aimed at solving the tasks outlined 

come first [4], [5]. 
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Fig. 1 - Dynamics of investments in agricultural education, in % of total budget 

investments in agriculture 

Source: [6]. 

In modern conditions, the creation and development of the personnel potential 

of the industry is influenced by a number of factors that are drivers of the 

development of the industry. They can rightfully include: 

• reduction of the share of state property of the Russian Federation in 

the total volume of reclamation systems and hydraulic structures, and, 

consequently, an increasing of a number and significance of personnel 

serving private reclamation systems; 

• implementation of investment projects by private agricultural 

producers related to the construction (reconstruction, modernisation) 

of reclamation facilities, which can provide the parallel creation of 

high-tech jobs; 

• preservation of existing and creation by 2020 of 92.89 thousand new 

high-tech jobs for agricultural producers in the operation of 

reclamation systems, hydraulic structures and reclaimed agricultural 

land [7], which definitely puts forward the tasks of training, retraining 

and advanced training of reclamation personnel, clarification of the 

list of necessary competencies, processing of state educational 

standards and training programs (in accordance with modern 

requirements), adaptation of the qualification characteristics of 

specialists of land reclamation systems to the requirements of the 

national qualification system and the technological cycle; 

• implementation of work to restore and improve the efficiency of land 

reclamation systems, which determines the need for the formation of 

a scientifically-based list of competencies for personnel serving these 

systems. 

The implementation of the personnel policy of the Department of Land 

Reclamation has distinctive features from the personnel policy of the Ministry of 

Agriculture of the Russian Federation as a whole, while maintaining the orientation 

of the main vectors of sectoral development. These features are in the following 

indicators: 
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• smaller specific weight of the reclaimed land compared with the total 

number of arable lands, which affects the number of specialists needed 

to service the reclaimed land; 

• connection with the seasonal employment of land reclamation 

workers and the frequent combination of functional duties in the field 

of rainfed farming; there is a need to obtain combined competencies 

to ensure maximum labor mobility for these workers; 

• due to the existing differentiation of reclamation areas into irrigated 

and drained lands, the formation of specialized competencies of 

workers serving cultivated areas in various conditions is required. 

At the same time, the implementation of the personnel policy of the Department 

of Land Reclamation reflects some common features of a similar policy of the 

Ministry of Agriculture. In particular, such factors as: 

• lower average indicators of the level of remuneration of agricultural 

workers, compared with other industries, which reduces motivational 

incentives for workers in the industry; 

• poor mobility of industry workers, caused by unequal price 

characteristics for residential real estate in the city and the village, 

insufficient development of rural infrastructure (primarily the poor 

quality of the road network), the dominant remoteness of rural 

workers from educational institutions; 

•  negative demographic processes characteristic of most regions of the 

Russian Federation and exacerbated by the outflow of able-bodied 

youth from rural areas to cities; 

• the negative stereotype prevailing in society about the prestige of 

agricultural labor negatively affects the preservation and 

replenishment of the personnel potential of the industry. 

Thus, based on the analysis of the leading trends in the personnel policy of the 

Department of Land Reclamation, we will determine the most important directions 

for its implementation: 

• the need for comprehensive reform of the wage system in agriculture 

and specifically in land reclamation, focused on the formation of a 

competitive employee in the industry, interested in the results of his 

work; 

• ensuring a close relationship of the necessary competencies of land 

reclamation workers with the results and remuneration, focused on the 

formation of a portfolio of competencies for each industry specialty; 

• stimulation of infrastructural development of the village, as the basis 

for consciousness of an attractive place to work and rest; 

• implementation of policies that ensure positive demographic shifts in 

the formation of the rural population; 

• the introduction of a differentiated approach to the formation of the 

labor potential of reclamation specialists in the context of federal 

districts and regions of the Russian Federation. 
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The labor potential of an industry should be understood as a synthesis of its 

three components: the number and structure of people employed in the industry, the 

qualitative composition and productivity of workers, the quality and size of the 

managerial potential of the industry. The distribution of employed by the main types 

of farms can be graphically presented in (Table 2). 

Table 2. - The share of crop production in agricultural products in 2018, in actual 

prices; % of agricultural products 

  

  

  

Farms of 

all 

categories 

Agricultural 

organizations 
Households 

Peasant 

(farm) 

enterprises, 

individual 

entrepreneurs 

Russia 50,2 45,7 48,0 76,9 

Central Federal District 48,9 41,5 61,0 84,4 

North-Western Federal 

District 
33,6 17,9 74,7 60,1 

Southern Federal District 66,2 73,4 42,5 86,3 

Volga Federal District 55,9 70,6 41,7 58,8 

North Caucasian Federal 

District 
46,6 40,6 46,4 73,9 

Ural Federal District 40,1 26,0 52,9 75,2 

Siberian Federal District 43,6 40,2 35,5 76,4 

Far Eastern Federal 

District 
51,6 54,7 45,9 62,7 

Source: gks.ru - the official website of the Federal State Statistics Service 

As we can see from (Table. 2), the most significant group is peasant (farm) 

enterprises and individual entrepreneurs. The creation and stimulation of jobs, in 

this particular sector, ensures dominant employment and agricultural output [8]. At 

the same time, the development of large agricultural organizations is characteristic 

of such federal districts as the Southern Federal District and North Caucasian 

Federal District, which are associated with the traditional orientation of these 

territories towards large-scale agricultural production. Let’s consider the 

productivity of labor in the agricultural sector. As the most common indicator, labor 

productivity is determined as the quotient of the division of gross value added in 

the industry (in order to exclude double counting) and the average annual number 

of employees (Table 3). 
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Table 3 - using of labor resources in agriculture, hunting and forestry for 2014-

2018 

Indicators Years 
Variation  

(+, -) 

2018  

to 

2014  

 2014 2015 2016 2017 2018  % 

Gross value added 

of the industry at 

basic prices, 

billion rubles 

2 665,9 2 665,9 2 665,9 3 270,3 3 268,6 30020,1 122,6 

The average 

annual number of 

workers in the 

industry, 

thousand people 

6247,0 5418,0 5374,0 5059,3 5 340,0 -907 117,0 

Labor 

productivity, 

thousand rubles 

for 1 employee 

426,7 426,7 426,7 646,4 612,1 185,4 230,2 

Source: gks.ru - the official website of the Federal State Statistics Service 

The result, which is obtained for the period 2014-2018 (table. 3), is, in fact, a 

twofold increasing of labor productivity in the country's agriculture needs certain 

clarifications and comments. 

The growth rate of labor productivity in national agriculture is lower than in 

market developed countries. So, according to Json & Partners Consulting, labor 

productivity in Russian agriculture lags behind German productivity by three times, 

and productivity in our country is 2.5-3 times lower [9]. 

In our opinion, the real productivity growth will be less, and its objective 

assessment is hampered by both the specifics of the information collected by 

Federal State Statistics Service and the industry specifics of the country's 

agricultural development. In particular, the above calculations should be adjusted 

for the influence of the following factors: 

• a number of people which are employed in the sub-sectors of hunting 

and forestry should be allocated as a separate group, since it distorts 

the real estimate of labor productivity of workers directly employed 

in agriculture of the Russian Federation; 

• it is also necessary to divide the workers which are employed directly 

in agriculture into two sub-sectors that differ in working conditions: 

crop production and animal husbandry, since employment in crop 

production has pronounced seasonal character, and animal husbandry 

is characterized by year-round use of wage labor; 

• the tendency to increase the average age of agricultural workers is 

characteristic not only of the national economy, but also of sectoral 

employment in the developed countries of the world (over the past 

thirty years, the average age of an American farmer has grown from 
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50.5 years to 58.3 years, and the average age of a farmer in Japan is 

66 years old [10]); 

• the most important factor that has a significant impact on the current 

rate of labor productivity is the fixed asset retirement rate due to the 

high degree of depreciation (46.6%) of fixed assets in agriculture. 

Thus, according to a number of studies, increasing in the drop-out rate 

by 1% with the update coefficient at the 2007 level reduces the 

number of employees by 2.1%, a similar increasing in the update rate 

leads to a decrease in a number of employees by 1.5% [11]; 

• in addition to the state of fixed assets, the objective trend in the 

development of scientific and technical progress and the turnover of 

technological cycles also affect the decreasing in a number of people 

which are employed in agriculture. Elements of partial and full 

automation naturally cause a decrease in the using of living labor and, 

as a result, a reduction in available jobs. According to D. Teplov, 

today in the world one farmer provides an average of 155 people with 

products, with the development of digital technologies in agriculture, 

this figure will increase to 255 [10]. 

According to published prospective forecasts, the number of people which are 

employed in agriculture in Russia is excessive, and by 2030 it should be reduced to 

a level no higher than 3 million people. [12]. 

All the characteristic features of the labor potential of the agricultural sector 

noted above must be taken into account during implementing its personnel policy, 

which provides the most important sectoral resource - the possibility of intensive 

development. In this regard, the reclamation industry needs a set of measures to 

assess, maintain and effectively manage labor potential. The presented targets for 

the personnel policy of the industry must be specified for the specialized conditions 

of irrigated agriculture. 

CONCLUSION  

Thus, on the basis of the presented studying, a number of conclusions can be 

drawn that allow us to formulate the main trends in the personnel policy and the 

formation of the labor potential of the reclamation industry of the Russian agro-

industrial complex. The choice of the final path for the development of the 

personnel potential of the reclamation industry and the implementation of the 

personnel policy will largely determine the possibility of the industry itself as a 

system providing agricultural insurance against adverse climatic conditions. 
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ABSTRACT 

The article has as a starting point the definition of the notion of commerce in 

its two senses: economic sense and legal sense. We also defined the notion of eco-

commerce as "the presentation and sale of organic products, under prescribed 

ecological conditions", according to European regulations. Also, in the article we 

present original elements of technical-economic management specific to eco-

commerce. We present and analyze the correlations between the "4 P" of the 

marketing mix (production, price, promotion, placement) and the technological 

elements. Based on an original correlation scheme, we have designed and analyzed 

7 levels of such correlations, of which we notice: the biunivocal correlation Product 

(P1)  - Promoting (P2) is based on assuring the quality of the product, The level of 

technological optimization is directly correlated with the product’s quality. In the 

article we also present an original model of economic analysis. This model has as 

its starting point 3 categories of subjects: Intern performers, Joint performers and 

External performers. Information (including conclusions) of economic analysis 

conducted can be passed to the three distinct pathways: Domestic 

Customers → Direct (Official) → Company (trader); Indirect 

(unofficial) → Company (trader); External Customers (with respect 

ownership) → Indirect Competition (banks) → Company (trader). 

Keywords: Eco-Commerce, Management, Technical, Economic   

INTRODUCTION 

In the etymological sense, the expression "commerce" comes from the Latin 

"commercium", which in itself represents a juxtaposition of the words "how" and 

"merx", which means "with the goods". So commerce consists of operations with 

the goods.   

In the economic sense, commerce is defined as an activity that aims at exchange 

and, thus, the movement of goods from producer to consumer. In this respect, 

commerce consists of the operations between the time of the production of goods 

and their entry into circulation, until they reach the consumers [1], [2]. In the legal 

sense, the notion of commerce has a wider content than the concept defined in 

economic sense. It includes not only the operations of interposition and the 

movement of goods, which the merchants carry out, but also the operations of 

producing the goods, by transforming raw matter, materials, etc. and obtaining 
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results of a higher value, which the manufacturers and the entrepreneurs realize  in 

general. A simple definition of the concept of eco-commerce is "the presentation 

and sale of organic products, under prescribed ecological conditions" (European 

Regulation no. 834/2007, European Regulation no. 889/2008). 

MATERIALS AND METHODS 

The economic analysis examines the activities or phenomena from the 

economic point of view. The essential issue when performing economic analysis is 

that it observes the structural relationships, including functional relationships and 

the cause and effect relationships [3], [4]. 

The economic analysis is a research method, based on decomposing and 

dismantling an object or a phenomenon in its components or its basic elements [5]. 

By the means of economic analysis we investigate various phenomena, their 

structure, we verify those phenomena, find out their intimate rules and based on that 

we substantiate and take actions concerning the future of the company’s economic 

activity [6], [7]. 

Creating environmental information can be expensive and time consuming. 

Environmental Performance Indicators (EPI) should therefore be cost-effective and 

appropriate to the size and type of organization and its needs and priorities. They 

should address primarily those environmental impacts that are most significant and 

which the company can influence by its operations, management, activities, 

products and services. They should also be sensitive enough to reflect significant 

changes in environmental impacts. 

Organizations should make the optimum use of the environmental information 

they collect. To this end the indicators should fulfill the dual purpose of assisting 

the management of the organization and providing information to stakeholders.  

Depending on an organization’s capabilities and resources, the use of 

environmental performance indicators may initially be limited to those aspects 

considered most relevant, with the initial scope being gradually widened over time. 

RESULTS 

We propose many correlations between the four „P-s” of marketing mix (P1- 

Product; P2- Price; P3- Promoting; P4- Placement-Distribution) and technological 

elements. In figure  1 there are briefly presented the main correlations.   

Aspects regarding management: 

1. The biunivocal correlation Product (P1)  - Promoting (P2) is based on 

assuring the quality of the product. 

2. An important role in optimizing the correlation (1) is held by 

advertising directly correlated with the product’ s quality level. 

3. The Product (P1) needs and determines technological development for 

assuring the quality technical requirements. 
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4. The biunivocal correlation Product (P1) – and Price (P2) is based on 

cutting of production costs. 

5. The level of technological optimization is directly correlated with the 

product’s quality [1], [2], [8]. 

6. A good (low) price of the product assures good placement condition 

of it. 

7. A good placement of the product can lead to a good price (optimal in 

direct correlation with the sales level). 

8. The technological optimization ensures conditions of price reduction. 

 

 

 

 

 

 

 

 

 

 

Figure 1. The main correlations between the 4 marketing mix components and 

technological elements 

The lower the price (P2) is (witch is facilitated by a high level of technological 

optimization), the higher the profit (benefit) is, which allows investing it in 

research-development. 

The analysis of the main correlation between the 4 marketing mix components 

in a case of a product from the materials’ industry (presented in figure no.1) 

highlights the importance of management in order to optimize that product. 

 

Figure 2 presents the main correlations between the functional and constructive 

betterments regarding a product from the materials’ industry [3]. 
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Fig. 2. The main correlation between the functional and constructive betterments 

in the technology of a product from the materials’ industry, needed in order to 

assure an optimal marketing mix 

It is to be noticed that. In order to obtain an optimal marketing mix for a product 

from the materials’ industry, the technological optimization management must 

focus on both functional and constructive betterments. 

The functional betterments need constructive betterments and constructive 

betterments generate functional betterments. 

An important component of the marketing mix for a product in the 

metallurgical industry is the quality and the cost control activity . 

The main steps (and their correlations) of the quality and cost control activity 

management for product in the metallurgical industry are briefly presented in figure 

no. 3. 

The level of the product’s completion is to be noticed. This based on the 

following activities: planning the product, conceiving the product, preparing 

production and marketing. 
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Fig. 3. The management of the quality and cost control activities for a product 

from the metallurgical industry 
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CONCLUSION 

The concept of eco-commerce is a current and very important one, including in 

terms of European prescriptions in the field. 

Eco-commerce is also of great importance in the context of sustainable 

development. Thus, eco-commerce, placing a priority on the protection of the 

environment, implicitly ensures an increased level of security for future 

generations. 

The marketing mix analysis for products in the materials industry highlights 

the importance of the technological optimization in order to obtain an optimum in 

the field. 

An interesting aspect revealed in the article, in relation to the "4P" of the 

marketing mix specific to the ecommerce, consists of the multiple correlations 

between: Constructive modernization - Functional modernization - Technological 

conditioning. From this point of view, the economic field (the marketing mix) is 

determined and optimized by the technical and technological domain. 

The technological optimization in the metallurgical industry is based on 

functional and constructive betterments. The optimization of the biunivocal 

correlation between them (need-determination) assures the efficiency of the 

marketing mix of that product. 
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ABSTRACT 

The purpose of the study is to identify whether remote sensing has any benefits 

for controlling economic activity and protection, especially in forest areas.  

The practical value of research is that to substantiate the recommendations for 

applying remote sensing to increase efficiency of nature protection and economic 

activities in forests areas (using international experience, including Russia and 

Kazakhstan).  

The results show that remote sensing may help to collect the required data 

which has the significance for developing the reaction strategy to the external 

threats and for minimising their impact on forestry. 

Keywords: remote sensing, forestry, nature protection activities, international 

experience 

INTRODUCTION 

Flame and fires are one of the main threats for forests, and they play a huge 

role in the past, present and future in the self-regulation of the ecosystem of our 

planet [1]. Monitoring of dynamic and territorial data about fires is fundamental in 

understanding environmental processes and the impact of anthropogenic activities 

in different areas of economic activity, including arable regions [2]. Scorched areas 

of agricultural land can go out of economic use if disturbances in the vegetation-

water balance occur [3]. Also we need to know that forestry play a huge role in 

maintaining the water balance of the area [4]. In case of large fires, huge vegetative 

arrays can be disappeared, which may affect on disturbances of the water balance 

of the area, which can lead to a decrease in the fertility of nearby agricultural lands 

[5]. 

The analysis shows that fires can be divided into three categories: 1) 

anthropogenic origin; 2) natural origin; 3) improper planning of economic activities.  

Incorrect planning of economic activities can lead to fires not only in the 

territories of forestry enterprises, but also in other adjacent territories. 

Fires caused by anthropogenic activities are destructively reflected in 

ecosystems [6]: 
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• Carelessness at production facilities.  

• Errors and miscalculations at industrial complexes. 

• Non-compliance with safety rules in agricultural enterprises.  

• Population’s  misunderstanding about threats of fire.  

• Poor construction of buildings, which lead to a fire as a result of a 

natural disaster.  

• Wrong using and storage of explosive substances at production 

facilities.  

• And so on. 

Also fires can be of natural origin and they took place before the appearance of 

man, which is proved by paleoclimatic and paleovegetation studies [7], [8]. 

Ignition often occurs during dry seasons, and in areas where combustible 

natural minerals are located close to the soil [9]. Thunderstorm is also the most 

frequent source of ignition on the large areas [10]. 

Low burning intensity after a thunderstorm or other natural disasters plays an 

important role in the cycle of useful and nutrients for vegetation, compliance with 

the diversity of the plant world and the structure of the vegetative cover of the soil 

[11]. 

However it should be remind that human economic activities, as well as the 

economic activity of enterprises in particular, have become the main source of 

increase in the number of precedents of fire: from the end of the 20th century, 

anthropogenic activity began to put more pressure on the balance of the planet’s 

ecosystem, mainly having a negative impact [12]. 

A high frequency of fires or even the number of seasonal precedents of fire in 

a certain forest area has a negative effect on the following components [13]: 

• Biosphere.  

• Pedosphere or layer in which processes associated with the formation 

of soil and soil cover occurs.  

• Components of the atmosphere. 

FOREST AREA AND WILDFIRES   

Humanity is well aware that the forest is the lungs of our planet. The earth's 

forest resources retain and process carbon dioxide into oxygen. Scientific research 

shows that there is an excess of СО2 and a "greenhouse effect", resulting in global 

warming and climate change on Earth. One of the most important factors affecting 

the change in the composition of the atmosphere is the decrease in the area of the 

earth's forests, which is accelerating as global warming develops (table 1). In 2016, 

the area of forests worldwide was 3995.8 million hectares, which is 117.9 million 

hectares less than in 1992. In recent decades, forests in Russia and Canada have 

been the main contributors to improving the earth's atmosphere. Russia remains one 

of the few countries in the world where the area of forests has not decreased, but 

has significantly increased. In comparison with Russia, Kazakhstan has 

insignificant forest areas, which have even decreased somewhat in recent years. 
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Table 1. Forest area in the world, Russia and Kazakhstan 

 World Russia Kazakhstan 

Forest area (million hectares) 

1992 4113.74 809.27 3.4 

2016 3995.8 814.89 3.3 

Forest area (% of land area) 

1992 31.6 47.7 1.3 

2016 30.7 49.8 1.2 

Source: The World Bank  

We have already noted that the area of forests continues to decline worldwide. 

The loss of forest cover is mainly due to industrial logging, as well as massive fires 

of a natural nature, especially in the Northern forests. In the world, the largest 

number of fires and areas covered by forest fires occur in Russia, Canada and the 

United States, primarily because of the huge forest areas of these countries 

compared to others (table 2). However, these countries have accumulated important 

experience in fighting forest fires using remote sensing technologies that can be 

useful to others, including Kazakhstan. 

Table 2. Forest fires in some countries of the world 

 Russia  Canada USA 

Number of wildfires  

2010 33423 7291 71971 

2016 11025 5243 67743 

Area of forest land covered by fires, thousands of hectares 

2010 1962.3 3052.5 2396.5 

2016 2508.3 1404.7 2229.8 

Source: Federal State Statistic Service of Russian Federation 

Analysis of statistical data shows that about 500 fires occur annually in 

Kazakhstan with a total area of more than 10 thousand hectares. These fires cause 

significant damage to the economy, so it is necessary to use effective measures to 

combat them based on our own developments and international experience. 

METHODS AND METHODOLOGY 

REGIONAL ASPECTS OF FACTOR ANALYSIS  

Many researchers believe that there are at least three main factors of negative 

impact from fires and fires of varying degrees of complexity that must be taken into 

account when planning and determining solutions to economic and environmental 

activities in forests. These factors are: A) the harmful effects of high temperatures 

during a fire; B) the disruption of vegetation processes; C) the greenhouse effect. 

All this is also typical for the object of our research Almaty region of the Republic 

of Kazakhstan. 
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Research shows that fires have a bad effect on the process and formation of 

vegetation phases [14], [15]:  reduction of nutrients needed for vegetation; decrease 

in total biomass; in particular, trees and shrubs are affected, which can lead to the 

disappearance of representatives of the plant and animal worlds that are sensitive to 

fires, which is bad for forests. 

The destructive effect of high temperatures, accompanied by chemical 

secretions during burning, cans: change the chemical characteristics of the soil; 

violate the natural physical properties of the soil; bring to erosion, loss of useful soil 

cover; bring some areas in the forests to an unsuitable condition for the living of 

certain species of animals and plants before carrying out expensive restoration 

work. 

The greenhouse effect from fires negatively affects on the atmosphere and 

make harm to the environmental situation. 

We agree with the opinion of a number of scientists who believe that the drying 

of swamps and other activities aimed at agricultural needs, which often violates the 

water balance, which is one of the natural protective mechanisms against fires, can 

create areas covered with dry grass that are easily combustible in the summer time 

of Almaty province. However, indirect activity as the creation of infrastructure and 

industry make a good platform for ignition due to negligence, lack of 

professionalism, lack of control or after a great cataclysm. 

As a result of the fire damage, for the safety of the country and the population, 

and for economic inactivity, it becomes necessary to monitoring and collect data 

about the fires as quickly as possible. The remote sensing of forests in fire, is one 

of the methods of collecting information necessary to develop a strategy for 

firefighting. We need to remember that each plot of land can have its own 

characteristics, so the collection of information by sensing before, during and after 

the fire will allow you to create dynamic models for fighting fires for this area. 

Forests can be burnt, especially in dry periods; their deforestation does not 

solve these problems. 

The disappearance of forests creates environmental problems not only for 

Kazakhstan, but also leaves mark to a global climate change and the disappearance 

of biological diversity. 

Wrong exploitation of forests, deforestation of forests for agricultural, 

infrastructural and economical needs, and using lands for agricultural activities are 

some of the strongest sources of greenhouse gas production. 

Below is a brief analysis of the factors that can lead to the disappearance of 

forests, taking into account the realities of the Almaty region of Kazakhstan. It 

should be borne in mind that economic development, environmental pressures 

created by population growth, as well as pressures created by institutions and 

businesses are not the last deforestation factors. 

Urbanization is not only one factor of deforestation, but also it cause of the 

disappearing of the natural habitat for many representatives of flora and fauna. If in 

1800 only 2% of the world population lived in urban areas, then in 1900 - already 
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15% of the global population lives in cities and towns. The process of increasing 

the number of cities and the population moving there accelerated in the 1950s. In 

the 1950s, 70% of the world's population lived in rural areas. In 2007, for the first 

time in the written history of humanity, the population of cities and their 

agglomerations exceeded the number of people living in rural areas. In 2017, 

already 54% of the world population lived in cities. As we can see economic growth, 

migration, and urbanization, many scientists predict further growth in the urban 

population. The urban population growth and created tremendous pressure on 

nearby territories. If there are forests in areas adjacent to the cities, then they will 

most likely be cut down for agricultural purposes, which will feed the urban 

population. The growth of cities and towns near forests can make deforestation for 

the following reasons: clearing land for development, deforestation for the creation 

of industrial and industrial zones. 

Another factor of deforestation that is associated with the process of 

urbanization - the creation of infrastructure in place of forests. The construction of 

infrastructure, which helps for economic activities in the forest, can also negatively 

affect for the local flora and fauna. Trade development is one of the strongest factors 

that make forests disappear. It should also be noted the role of industrial production 

for international trade, which often lead to the disappearance of forests. Agriculture, 

focused on mass production and it is also one of the causes of deforestation, which 

is especially evident in South America and Southeast Asia. 

Not only fire has a bad effect on the balance of the forest ecosystem. It is 

necessary to list other natural disasters that can damage or destroy forests in many 

regions of the world, including the Almaty region of Kazakhstan. These are floods, 

earthquakes, droughts, epidemics, and more. 

Forest conservation is more effective for reforestation than the creation of 

shared areas in forests. Monitoring situations of consequences of anthropogenic or 

natural factors that harm the soil-plant balance of forest biomes, and constant 

monitoring of the current situation in forests is one of the necessary factors for 

harmonious economic and environmental development. Sounding is one of the best 

methods for collecting forest data for a wide range of tasks, from monitoring the 

current state of flame propagation to identifying the effects of an earthquake or an 

accident at a local chemical plant near forests.  

ADVANTAGES OF REMOTE SENSING TECHNOLOGY 

The special literature points to the many advantages of remote sensing 

technology, including: large coverage of the territory, repeated study of the territory, 

easy data collection at various scales and resolutions, there are no restrictions on 

the amount of information obtained from a single image, the data can be easily 

processed and quickly analyzed using a computer, remote sensing does not violate 

the object or area of interest, data analysis is carried out in the laboratory and this 

minimizes the duration of field work, sensing is a relatively cheap and constructive 

method of reconstructing the base map in the absence of detailed data on forest 

lands, it is easier to detect forest fires that have spread to a large region, which 

facilitates planning a rescue operation easily and quickly. Figures 1 and 2 shows 

some possibilities for using modern remote sensing technologies. 
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Figure 1 - Typical picture of a forest obtained on the basis of remote sensing 

technology Source: Open information platforms 

It is necessary to be objective to recognize some disadvantages of remote 

sensing technology, including: the fact that this is a fairly expensive method of 

analysis if we consider small areas, sensing requires special training for image 

analysis, human errors are possible when collecting and analyzing data, the 

analyzed image may sometimes be disturbed by other phenomena, the collected 

information may be incomplete and temporary, and more. 

In the Almaty province, there are two sensing methods that can be used to 

collect information on the state of forests: 1) obtaining images through satellite 

reconnaissance devices allows you to get understanding about mesoscale of the 

forest biome and the landscape characteristics of the ecosystem; 2) the use of 

drones, various remote control aircraft, aerial photography tools allows you to get 

information about the micro topographic characteristics of the areas, especially of 

the soil and vegetation layer, also to get information about the main representatives 

of the flora.  
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Figure 2 - Space image of a forest fire 

Source: Open information platforms 

Depending on the situation, the following recommendations are proposed for 

further strategy and effectiveness of forest biome protection when using sensing in 

the Almaty region. 

1. It is proposed to plant a new forest if there is a complete destruction of the 

forest biome, for example, when the entire soil vegetation layer is washed away 

along with trees as a result of natural disasters. 

2. Prohibition and monitoring of compliance with the ban on any economic 

activity in the forest, if there was a strong destruction of the forest biome, for 

example, if many representatives of flora and fauna disappeared as a result of an 

earthquake and fire. 

3. Reclamation of forest land and permission for limited economic activity in 

the forest, if there is an average destruction of the forest biome, for example, when 

about half of the forest is cut down for agricultural purposes. 

4. If there is a weak destruction of the forest biome, for example, when zoning 

shows localized fires, it is recommended to impose restrictions on economic 

activities in the forest until the threat is neutralized. 

CONCLUSION 

The study showed that remote sensing technologies have both advantages and 

disadvantages, but it is obvious that they need to be used for monitoring 

environmental activities, which is especially important for such an economic sector 

as forestry. 
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The forest is extremely important for humanity. Unfortunately, long-term 

analysis has shown negative dynamics of forest area changes in most countries and 

in the whole world, and one of the main reasons for this phenomenon is forest fires. 

Despite the fact that Kazakhstan currently plays a minor role in the world's 

forestry, it is necessary to change the situation so that over the next 20 years, the 

area of forests in the country has increased 3 times to about 10 million hectares, and 

the number of forest fires has been reduced to a minimum. 

Kazakhstan should make more active use international experience to fight 

forest fires based on remote sensing technologies. At the regional level, the country 

should take into account the impact of various factors in the development of forestry 

in order to develop effective proposals for the use of remote sensing technologies. 

The use of drones for sensing forests has great potential for the Almaty region 

of the Republic of Kazakhstan: easy transportation, compared to aircraft; optimality 

in use; cheaper to maintain in working condition; the massive use of drones can 

become the basis for the emergence of a competitive industry of aircraft in the 

Almaty region; the development of the industry for the production and maintenance 

of drones on a global scale can make these devices cheaper and more efficient as 

global technological progress. 
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ABSTRACT 

Construction industry creates an environment for people's lives. On the other 

hand, construction activities have a negative impact on various aspects of the 

environment. It consumes natural raw materials, significantly contributes to carbon 

footprint, waste, etc. Appropriate choice of constructional, material, technical, 

technological and environmental parameters of buildings can partially reduce this 

negative impacts. By designing, implementing and using wood-based constructions 

it is possible to reduce the negative impact in the area of construction waste 

generation. Currently, the construction market offers a large number of construction 

systems of wooden buildings, which have both strengths and weaknesses. In this 

paper are identified construction systems of wooden buildings offered on the Slovak 

construction market. The aim of the paper is a detailed identification of construction 

waste generation during the realization of particular wooden structures and 

monitoring of waste generation in production factory (off site) and on construction 

site (on site) during the construction of wooden buildings. Based on the obtained 

information, the individual construction systems of wood-based constructions are 

compared in terms of construction waste generation. 

Keywords: wooden constructions, construction waste, assessment, generation 

INTRODUCTION 

Construction affects the environment. We started to recognize this impact in 

the 1990s. Significant changes were needed to mitigate the environmental impact 

of building section [1]. The emergence of ‘green construction’ over the past 20 years 

has challenged developers and builders to adopt a ‘sustainability mindset’ towards 

the design and management of construction projects. Sustainable development in 

the construction industry has become an important issue, but it seems to be lagging 

behind other sector [2].  Sustainable development in general is a concept which 

came today in many spheres of economic and social life. A measure of utilization 

advantages of each construction systems that reflected in environmental, social and 

economic areas of sustainability is an important factor in decision of the most 

customers on choosing the construction system. The evaluation of the construction 

sustainability consists in the complex evaluation of single period of life cycle of 

investigated product or process [3].  Authors Udomsapa and Hallinger [4] have 

define four areas of interest of sustainable construction: alternative materials for 

sustainable construction, sustainable construction management, recycling and 

waste reduction, and social sustainability in construction management. The 
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development of the new construction materials and composites, as well as the basic 

requirements for construction reflecting increasing its energy and environmental 

aspects and the development the new methods of construction which have to 

consider also the aesthetic, architecturally divers and the socio-economic 

requirements and limitations of costumers [5]. 

The wooden buildings present sustainable construction approach while meeting 

all constructional, technical, technological and environmental parameters of 

modern constructions. Wooden buildings are considered to be energy efficient that 

is an increased energy standard [6]. Therefore, the costs incurred when building the 

house are compensated by reduced energy consumption. When constructing 

buildings using wood-based materials, the cost of its impact on the environment is 

neglected. It is not only about lower energy consumption for heating, but also a 

small amount of energy needed during construction. The weight of such a wall is 

also lower which directly transfers to the cost of transporting construction materials 

and as a consequence of the final house price. In the case of timber houses the costs 

of utilizing other materials left following the period of building exploitation are also 

significantly lower.  

Prefabricated building systems (modern method of construction) on the 

wooden base are the most common in Slovakia. An important factor in deciding the 

most of the builders in the choice of wooden construction system is a measure of 

utilization advantages of each construction system that reflected in cost, quality and 

speed of construction [7]. 

Modern methods of construction using timber and wood-based materials we 

can divided into [8]: structural insulated panels (SIPs); cross laminated timber 

panels (CLT); log wooden construction; wooden blockwork system; wooden 

column construction; wooden frame construction; wooden volumetric systems. 

In general, the construction methods are divided into two basic groups. The 

first group consists of “off-site” construction methods using the prefabricated 

elements or parts of wooden constructions, made off-site and then transported and 

assembled on site. The second groups consist of “on-site” construction methods 

when the production of construction elements and parts of construction are directly 

on the site. There belong the traditional construction methods (currently are still the 

most used the masonry and monolithic reinforced concrete structures) which are 

currently extended to a number new(modern) methods characterised as “semi-

prefabricated” or hybrid construction [9]. There is a part of construction elements 

produced in the factory (off-site) but its functional location is completed to the site. 

Many wooden constructions can be constructed of-site or on-site method.  

MATERIALS AND METHODOLOGY OF RESEARCH 

One of the drivers to using wooden construction is production of less 

construction waste compared to traditional construction [10]. The aim of the paper 

is a detailed identification of construction waste generation during the realization of 

particular wooden structures and monitoring of waste generation in production 

factory (off site) and on construction site (on site) during the construction of wooden 

buildings. Based on the obtained information, the individual construction systems 
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of wood-based constructions are compared in terms of construction waste 

generation. 

Materials of research 

Analysis of construction waste generation was carried out for four selected 

types of wooden constructions which presents a research material. These four 

selected types are the most used wooden based construction systems in Slovakia: 

1. wooden beam construction  

2. log wooden construction  

3. wooden panel construction (open panels)  

4. wooden volumetric systems  

a)  b)  

c)  d)  

Fig. 1 Types of wooden constructions: a) wooden column construction, b) log 

wooden construction, c) wooden panel construction – off site, d) wooden 

volumetric systems [11], [12], [13], [14] 

The load bearing system of the wooden beam construction is formed by beams 

(Fig 1a). This dimension of beams is derived from the static action and load 

impinging on the structure. Spatial stability of the beams construction can be 

ensured by the large-format plates used to coat the structures. Nowadays, the use of 

plasterboard boards is receding in front of the glass fibre boards, which are much 

more rigid and resistant to impact. As with any type of woodworking, this type of 

construction requires a good quality of contact with the base joint. Advantage of 

this system is a simple installation directly on the construction site. It is unlikely 

that the construction will be influenced by weather conditions. The system is simple, 

does not require heavy mechanization and makes it possible to respond flexibly to 

problems and changes in building construction. Log constructions belong to the 
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oldest buildings used in traditional architecture. In the log constructions, traditional 

logs made of coniferous trees. The wall of the log house consists of horizontal 

beams - logs joining in corners with locks (Fig 1b). The basement presents a 

reinforced concrete foundation slab. The wooden panel construction system has 

evolved from a wooden beam construction. The difference between these types is 

in construction technology. The basic part of the structure is a wooden frame. The 

panel frame is adapted and dimensioned in relation to the panel function (ceiling, 

wall, partition). The panels can be pre-assembled in off-site (in the production hall) 

(Fig 1c) or can be assembled on site. Volumetric (modular) wooden structures are 

characterized by a high degree of prefabrication. The entire facility is manufactured 

at the factory and transported to the destination. The building can make objects from 

the cells both vertically and horizontally. Depending on the size of the object, the 

individual modules are usually individually imported on the means of transport. 

Cellular structures are used mainly for the construction of temporary buildings, but 

also for residential and civil construction (Fig 1d).  

These four selected types of wooden construction were analysed from the 

structural, material, technical, technological and environmental point of view. 

Based on this analysis it was possible to prepare a survey of the construction waste 

generation (according European waste catalogue) during the construction of 

particular types of wooden building on site or off site. 

Methodology 

The analysis of waste generation was based on verification of the specific type 

of waste generation in the process of production and construction of wooden 

buildings. Data were processed in tabular form (Fig 2). The arrangement of the data 

in the table is consistent with the European waste catalogue (EWC). Moreover, this 

form was used to determine the places (on site, off site) of construction waste 

generation. Data were obtained through structured interviews of wooden 

construction producers or constructors.   

Analysis of waste generation in wooden construction 

Type of waste 

Place of waste generation 

off-site on-site 

Construction system realization phase 

Number of 

group, 
subgroup, 

type of waste 

Name of 
group, 

subgroup, 

type of 

waste 

Foundation 
structure 

Structural 
works 

Roofing 
Foundation 

structure 
Structural 

works 
Roofing  

Fig. 2 Tabular form of identification of types and place of construction waste 

generation  

RESULTS AND DISCUSSION 

Data concerning on the frequency of waste generation and frequency 

percentage of waste generation were processed in table (Fig. 3). Table provides a 

summary identification of types and place of construction waste generation. Based 

on these data were made three conclusions: 
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Analysis of waste generation in wooden construction 

Type of waste 

Place of waste generation 

off-site on-site 

Construction system realization phase 

Number 

of group, 

subgroup, 

type of 

waste  

Name of 

group, 

subgroup, 

type of 

waste  

Foundation 

structure 

Structural 

works 
Roofing 

Foundation 

structure 

Structural 

works 
Roofing  

17 

CONSTRUCTION AND DEMOLITION WASTES (INCLUDING 

EXCAVATED SOIL 

FROM CONTAMINATED SITES) 

17 01 concrete, bricks, tiles and ceramics 

17 01 01 concrete    ①②③    

17 01 03 
tiles and 

ceramics 
     ①③  

17 02 wood, glass and plastic 

17 02 01 wood 

  timber  ①③④ ①③ ④ ①②③ ①②③④  

 
wooden 

based 

material  

 ③ ③ ④ ①②③ ①  

17 02 03 plastic  ③④ ③ ④ ①②③ ①②④  

17 03 bituminous mixtures, coal tar and tarred products 

17 03 02 bituminous mixtures other than those mentioned in 17 03 01 

  
asphalt 

insulation 
   ①②③    

17 04 metals (including their alloys) 

17 04 02 aluminium     ② ②  

17 04 05 
iron and 

steel 
   ①②③  ④  

17 05 soil (including excavated soil from contaminated sites), stones and dredging spoil 

17 05 06 

dredging 

spoil other 

than those 

mentioned 

in 17 05 05 

   ①②③    

17 06 insulation materials and asbestos-containing construction materials 

17 06 04 insulation materials other than those mentioned in 17 06 01 and 17 06 03 
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  polystyrene        

  
mineral 

wool 
 ③④ ③ ④ ①②③ ①②④  

  glass fibres        

  
natural 

insulation 
       

17 08 gypsum-based construction material 

17 08 02 

gypsum-

based 

construction 

materials 

other than 

those 

mentioned 

in 17 08 01 

 ③④   ①②③ ②④  

 
Notes: ① wooden column construction; ② log wooden construction;  ③ 
wooden panel construction; ④ wooden volumetric systems 
Fig. 3 Summary identification of types and place of construction waste generation  

1. Less construction waste is generated in the production hall (off-site) than on 

site 

The transfer of wooden construction to the production hall (off-site) provides 

several advantages, including, time savings on site, reduced workforce on site, 

independence on climatic conditions. Greater production automation over site 

production can minimize the amount of unused building material more efficiently 

with respect to its further processing and utilization. 

Based on the obtained data, the hypothesis that less waste was generated in the 

production hall than on the construction site was confirmed (Fig. 4). While there 

were 15 (24%) situations in construction off-site production in which construction 

waste from selected materials is generated, in construction site production it was up 

to three times more, 47 (76%).  

 

Fig. 4 Construction waste generation off site vs. on site 

2. Less construction waste is generated by wooden volumetric system than by 

other types of wooden construction systems  
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We assumed that the least waste would be generated by wooden volumetric 

system than by other types of wooden construction systems. Because of, wooden 

volumetric systems are largely prefabricated and assembled in factories according 

to customer requirements. 

 

 

Fig. 5 Construction waste generation considering the construction system 

This hypothesis has been confirmed (Fig. 5). Construction waste during the 

wooden volumetric system manufacturing was generated in 13 situations (20%). 

Most construction wastes were generated by wooden panel construction – in 20 

situations (31%).  

3. Wooden waste is the largest part during the production and realization of 

wooden constructions 

The hypothesis of the highest frequency of wooden waste generation can be 

clearly verified. The summary table (Fig. 3) shows that during the production and 

realization of wooden construction, up to 37% of wood waste is generated, of which 

24% are wooden debris of unused timber and 13% of other wood-based materials, 

most often OSB boards (Fig. 6). Mineral wool waste accounts for 18% (10 

situations) of the total waste generated, followed by 13% (7 situations) with 

gypsum-based construction materials. According to figure 3, it is evident that the 

most wooden waste is generated during the construction phase of the structural 

works, as the largest amount of wood waste is consumed. The lowest waste rate in 

timber construction is 4% for tiles and ceramics and aluminium. 
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Fig. 6 Construction waste generation in terms of waste type 

CONCLUSION  

Wooden buildings belong to ecological and environmental buildings that are 

environmentally friendly during production, throughout their lifetime and also 

during their removal. Properly selected construction of wooden buildings can 

eliminate waste, which contributes to the protection of human health and 

conservation of nature. The paper was focused on detailed identification of 

construction waste generation during the realization of particular wooden structures 

and monitoring of waste generation in production factory (off site) and on 

construction site (on site) during the construction of wooden buildings. The most 

used (in Slovakia) selected types of wooden construction were analysed from the 

structural, material, technical, technological and environmental point of view. Three 

conclusions were confirmed: (i) less construction waste is generated in the 

production hall (off-site) than on site; (ii) Less construction waste is generated by 

wooden volumetric system than by other types of wooden construction systems; 

(iii) Wooden waste is the largest part during the production and realization of 

wooden constructions.  
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ABSTRACT 

Ecology and environmental protection have been discussed more and more in 

the last few years. This trend was also affected by the construction and architecture 

department. Concepts such as green building, environmentally friendly materials, 

alternative energy sources and energy-efficient construction systems of buildings 

are depressed. All of this comes under the name "Green Buildings". Wood-based 

construction and material solutions are a response to these trends. Investors and 

users are gradually starting to think more environmentally friendly and therefore 

many times also make decisions for wood-based constructions. There are several 

systems that fall into the category of so-called crushed buildings. The aim of this 

work is to provide a look at the "greener" options offered in the construction 

industry with an emphasis on their energy and thermal characteristics. The subject 

of the research was selected structural parts of timber-based buildings applied to 

model constructions by means of which selected thermal-technical characteristics 

were evaluated. This work points out the differences between the compared design 

variants of wooden buildings in terms of their ability to effectively save energy 

sources for heating inserted during the operation of wood-based buildings. 

Keywords: efficiency, energy, green buildings, sustainability, wood 

constructions 

INTRODUCTION 

Construction is a sector that consumes almost half of the energy produced; the 

other consequences of the construction process activities [1] relate to the 

consumption of materials, their extraction, processing and transport. This is 

followed by the energy demand during the operation of the building, the waste load 

and also the load associated with the demolition of the building [2]. All the above 

aspects accompanying the construction are put together in the resulting total load 

by which the constructed building affects the natural environment [3]. 

Act no. 17/1992 SR on the environment: "Sustainable development of society 

is such development that preserves the ability of current and future generations to 

meet their basic living needs, while not reducing the diversity of nature and 

preserving the natural functions of ecosystems". This definition is based on a report 

Brundtland (1991) issued in 1987 by the World Commission on Environment and 

Development (WCED) [4]. 
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Sustainable construction is one where the required characteristics and functions 

of the construction are fulfilled with minimal adverse environmental impact [5], 

ideally with the simultaneous improvement of economic [6] and social conditions 

that have a positive impact on improving the quality and culture of the environment 

- local level to global level. 

The “Green Buildings” philosophy aims to minimize the environmental impact 

of design, construction, full use, but also house demolition. One of the main 

approaches in the so-called eco-construction is the assessment of the so-called eco-

construction. life cycle. It is a method that examines the life cycle of a product (a 

particular building material or building as a whole) in terms of its environmental 

performance [5], [6], [7]. 

As part of the "Agenda 21" and the evaluation of sustainable development 

indicators, it was adopted at the United Nations Summit in Rio de Janeiro in 1992 

The Global Community Strategy and Action Plan sets out concrete steps towards 

sustainable development. Agenda 21 is followed by the "Agenda 21 for Sustainable 

Construction" document, which defines a sustainable building as follows: 

• consumes minimal amounts of energy and water during his / her life, 

• uses efficient raw materials (environmentally friendly, renewable 

materials), 

• has a long lifetime (quality construction, adaptability), 

• generates as little waste and contamination as possible during your 

life; 

• uses land effectively; 

• fits well into the natural environment, 

• is economically efficient in terms of both implementation and 

operation; 

• satisfies user needs now and in the future (flexibility, adaptability, 

quality of space), 

• creates a healthy indoor environment [8]. 

In accordance with the strategic plans for sustainable construction, in particular 

in terms of the idea of efficient use of energy resources also in the construction 

industry, we have focused in this article on the phase of construction operations as 

such. The aim of this work is to provide a look at the "greener" options offered in 

the construction industry with an emphasis on their energy and thermal 

characteristics. 

Timber-based constructions in terms of sustainability 

Wood-based structural and material solutions are a response to sustainability 

trends. Wooden construction is an environmentally and economically beneficial 

way of building low-energy houses [9]. This is due to the use of wood as a building 

material as well as significant energy savings for heating. With a suitable 

combination of materials and building elements, it is possible to achieve passive 

house characteristics. 
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For hundreds of years, wood has not only been considered to be part of nature, 

but the use of this material as a building material is more environmentally friendly 

and environmentally friendly compared to masonry buildings [10], [11]. This 

material is one of permanently renewable resources that excels in several of its 

properties. Wooden buildings require less energy, leaving less carbon footprint 

compared to traditional buildings. This concept traditionally represents buildings 

that are made by materials that have been used for hundreds of years, proven and 

most trustworthy for the consumer [9]. 

The position of wood as a building material must also be assessed from the 

global point of view of the expected availability of raw materials in the 21st century. 

Wood as a permanently renewable raw material in well-maintained forests with 

favorable environmental properties will put high priority on the expected depletion 

of solid, liquid and gaseous fuels. Furthermore, the need to reduce the threat to the 

Earth's atmosphere by greenhouse gases, of which 61% is CO2 as a product of 

combustion. Therefore, wood as a building material is increasingly coming to the 

fore for sustainable construction. A timber building made of wood is considered to 

be an environmentally friendly building that prevents heat loss and heat radiation to 

the surroundings. Raw wood is an energy-saving raw material. Raw timber 

processing is environmentally friendly and could have a relatively zero balance of 

pollution. Timber itself as a building material in a timber building construction has 

a negative emission balance (after recalculation of energy consumption in the 

construction, operation and disposal of the greenhouse gas production building), as 

it absorbs or regulates more pollutants during tree growth than it produces . It is no 

wonder that a timber building is considered an ecological house. Our future lies in 

eco buildings, modern timber houses [12], [13], [14]. 

MATERIALS AND METHODS 

In terms of sustainability, the environmental benefits of wood-based buildings 

are indisputable. From the point of view of energy efficiency, especially in the phase 

of building operation, it is necessary to distinguish different energy standards of 

building envelope structures as such. The assessment of the thermo-technical 

parameters of buildings is important for both the consumer and the contractor, 

where, thanks to the quality of its construction product or work, it determines its 

reputation on the market and facilitates consumer decision-making. In terms of 

thermo-technical characteristics of the peripheral structures, three structural 

variants of wood-based constructions were compared within this paper. The 

calculations of the individual thermo-technical characteristics were realized by 

means of the standard STN 73 0540. The following constructional variants were 

assessed: column perimeter wall variant, CLT perimeter wall variant and modern 

log wall perimeter variant and their material composition shown in Figures 1-3. The 

parameters of the thermal resistance of the structure R and the heat transfer 

coefficient U were chosen for the comparison of the structures. 
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Fig. 1 Scheme peripheral wall – column variant [13]. 

(Note: material composition - 1- System plaster, 2- Facade graphite polystyrene, 3- 

Chipboard OSB, 4-Carrier system KVH, 5- Mineral insulation, 6- Vapor barrier 

foil; 7- Installation grid SM, 8- Mineral insulation, 9-Drywall). 

 

Fig. 2 Scheme peripheral wall – CLT variant [14]. 

(Note: material composition - 1- Facade slab larch, 2-Ventilation grate, 3- Facade 

foil Traspir UV, 4-Steico wall, 5-thermal insulation, 6-CLT panel).  
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Fig. 3 Scheme peripheral wall – modern log variant [15]. 

(Note: material composition - 1 - log profile of massif thickness, 2 – vapor-

permeable foil; 3 – insulating prisms, thermal insulation; 4 – vapor barrier; 5 – 

wooden grate, air gap; 6 – wooden lining). 

RESULTS AND DISCUSSION 

The individual analyzed and compared variants in terms of parameters 

considered are summarized in Tables 1-3. 

Tab. 1 Structure of the perimeter wall construction – column variant. 

Layer name ρ Λe Λi с μ 
Thickness 

[mm] 

Drywall 750 0,22 0,15 1060 9 12,5 

OSB board ECO 600 0,14 0,13 1700 150 12 

Vapor barrier foil Jutafol 

D110 
1740 0,35 0,35 1470 9090 0,22 

Mineral insulation ISOVER 

Unirol 
17 0,039 0,036 940 1 120 

OSB board ECO 600 0,14 0,13 1700 150 12 

Expanded polystyrene (EPS) 15 0,038 0,043 1270 55 120 

Tab. 2 Structure of the perimeter wall construction – CLT variant. 

Layer name ρ Λe Λi с μ Thickness [mm] 

CLT panel 400 0,13 0,12 2510 50 100 

Thermal insulation 65 0,036 0,031 1030 1 240 

Facade foil TRASPIR UV 1000 0,21 0,21 1470 155 0,21 

Ventilation grate 200 0,075 0,07 1630 5 40 

Facade tile 800 0,11 0,1 1500 13 21 

 

 

 



 

260 

Tab. 3 Structure of the perimeter wall construction – modern log variant. 

Layer name ρ Λe Λi с μ Thickness [mm] 

Drywall 750 0,22 0,15 1060 9 12,5 

Wooden grate 200 0,075 0,07 1630 5 28 

Jutafol D 110 SP 1740 0,35 0,35 1470 9090 0,22 

Thermal insulation 40 0,038 0,035 1020 1 140 

Vapor-permeable foil 1000 0,21 0,21 1400 40 0,5 

Log profile 400 0,13 0,12 2510 157 92 

On the basis of analyzes of selected construction types of peripheral walls of 

wooden buildings the following characteristics were found: Post variant R = 6,033, 

U = 0,161; CLT variant R = 8.161, U = 0.120 and Modern log variant R = 4.825, U 

= 0.200. Based on the findings of the analyzes, the CLT construction achieved the 

best parameters in terms of the characteristics evaluated. The CLT construction was 

followed by a column variant and the last of the evaluated was placed a modern log 

variant. 

CONCLUSION  

Within this article, the basic sustainability context in the context of green 

buildings has been defined and the benefits of wood-based construction from the 

above mentioned areas have been discussed. Within the trend of decreasing the 

energy intensity of buildings as such, the principles and conditions related to this 

issue were listed. Within the increasing trend of increasing the number of timber-

based buildings, the main environmental benefits of using timber-based buildings 

as well as other benefits were mentioned. In the practical part we focused on 

comparing three selected variants of wooden buildings in terms of thermal-technical 

characteristics and their mutual comparison. Concerning the outer peripheral wall, 

the CLT construction had the most favorable results and the least favorable log 

construction. From the findings it can also be stated that the evaluated design 

variants have reached such a thermo-technical standard through which it is possible 

to realize constructions that can offer efficient energy solutions in terms of saving 

financial costs during the construction use phase. 
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ABSTRACT 

The present paper deals with pollutants in the building’s indoor environment 

and possibilities of their elimination, carbon dioxide (CAS 124-38-9), further 

from volatile organic compounds were investigated trichlorethylene (CAS 79-01-

6), toluene (CAS 108-88-3) and benzene (CAS 71-43-2). A new experimental 

method for effectively reducing the concentration of pollutants in the indoor 

environment of buildings is presented, which is based on the placement of plants 

into the research area and has the potential to bring operating costs savings 

in the field of building ventilation. 

The issue is closely related to the increasing requirements for the healthiness 

of the indoor environment of building. Quality of the indoor environment is also 

assessed according to the quality of indoor air. Increased concentrations of 

pollutants in the indoor environment can have a negative impact on the human 

health for the building’s users. In the paper, the modelling of indoor ventilation is 

shown, where one model case examines the theoretical quantity requirement of 

ventilated indoor air without plants and the other model case examines the 

requirement for the amount of ventilated air in plant environment. For both models 

cases the same final value of pollutant concentrations was required. After the 

computational modelling, the results were compared to determine the percentage 

difference of the supply air demand. Based on the computational model, it was 

shown that selected plants can favourably influence the pollutant concentration in 

the indoor environment. The model environment for research was determined as an 

office area, initial concentrations of pollutants were determined before the arrival 

of persons, also was determined the constant production of pollutants during 

working hours, and reduction of pollutants by plants 

This is a completely new perspective on the issues of building ventilation and 

improving the quality of the indoor environment, and according to the achieved 

calculation, the costs of building operations on a global scale can be significantly 

reduced. 

Keywords: indoor air quality, volatile organic compounds, carbon dioxide, 

green buildings, building ventilation 
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INTRODUCTION 

The paper deals with the problem concerning influence of pollutants in the 

internal building’s environment. It mainly deals with CO2 (CAS 124-38-9), and 

selected VOCs (volatile organic compounds) - namely benzene (CAS 71-43-2), 

toluene (CAS 108-88-3) and trichlorethylene (CAS 79-01-6). These are substances 

that have a negative effect on the human health of building users and need to be 

reduced in the indoor environment. 

Nowadays, it is possible to reduce the concentration of these pollutants quite 

effectively by using of intensive ventilation, which, however, has a direct impact on 

the operating costs of ventilation. Thus, with the requirement for high indoor air 

quality is directly related to the requirement for intensive air ventilation and 

conditioning of the supply air to a predetermined operating temperature and quality. 

Especially in areas with significant temperature differences between the outside 

environment compared to the internal environment, this issue is very topical, and it 

is expected that a minimum reduction of the amount of supplied air has the potential 

of substantial savings in operating costs on a global scale. 

In order to maintain high standards for indoor environments while reducing 

energy demands of buildings it is necessary to find new ways of elimination of 

pollutants, thanks to which it will be possible to reduce the amount of ventilated air 

while maintaining the required quality of indoor air. 

DESCRIPTION OF THE CURRENT STATE 

Among the basic requirements for the quality of indoor environment is the 

quality of the air, which is primarily assessed according to the current concentration 

of CO2 and VOC. The phenomenon where buildings have a negative impact on the 

health of buildings users can be called the sick building syndrome, which is already 

well described [1] and generally known. 

It is proven that the user's stay in an environment where the concentration of 

pollutants to be solved is above the limit, or in case of long-term exposure to 

pollutants, can have a negative impact on human health addressed pollutants, which 

can lead to chronic diseases [2]. It is also appropriately described that increased CO2 

and VOC concentrations have a significant effect on the performance of the 

occupants of the building [3], [4]. 

Determination of pollutants and risks 

Solved pollutants benzene, trichlorethylene are classified as proven 

carcinogens of group 1 [2], [5], toluene is not a proven carcinogen, at higher 

concentrations may cause nausea, fatigue and hallucinations, irritating the mucous 

membranes. CO2 at elevated concentrations causes fatigue and nausea, and it has 

been shown that at a concentration of 0.1%, productivity for basic work activities 

is reduced by around 25% [4]. 

In the commonly used residential rooms or administrative workplaces is not 

expected that any of these pollutants in the indoor environment in such 

concentration that threatened the lives of users. Due to the ventilation of the internal 
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environment, the pollutants are kept at the permissible concentrations. However, 

there are measurements showing that in new buildings or in buildings that have 

undergone significant refurbishment, the VOC concentration may be so high that 

the building is uninhabitable in the first few months [6]. The permissible 

concentrations of pollutants to be solved for residential areas are as follows for 

selected VOCs in the Czech Republic [7]: benzene 7 μg · m−3, toluene 300 μg · m−3, 

trichlorethylene 150 μg · m−3. The permissible concentration of CO2 in the Czech 

Republic is 0.15% [8]. The permissible CO2 and VOC concentrations may vary 

according to local regulations at national level. The concentration of pollutants must 

also be monitored with regard to the performance of the building users, where it is 

shown that the working performance of the building users is substantially improved 

in an environment that meets stricter indoor quality criteria than the legislative 

framework [3]. 

Possibilities of reducing the concentration of pollutants in indoor 

environment of buildings 

Reducing the concentration of pollutants in the indoor environment of 

buildings can be solved either by exchanging the contaminated air with newly 

supplied air from the outside, treated with air conditioning or by modifying the 

existing indoor air. The possibility of exchanging air naturally through windows 

without the use of air-handling equipment is neglected in this paper. During 

exchange on hot or cold days, ventilation would cause thermal discomfort to the 

users of the building. Adjusting the supply air from the outside is energy intensive. 

It has been shown that selected plants can reduce the pollutants contained in the 

environment in which they are found [9]. Tab. 1 shows selected plants and their 

ability to reduce followed VOC. 

Tab. 1 The average ability of selected plants to reduce the observed VOC 

[μg · m−3 · m−2 · h−1] [9] 

Latin name of plant Benzene Toluene Trichlorethylene 

Hemigraphis alternata 5.54 9.63 11.08 

Hedera helix 3.63 8.25 8.07 

Tradescania pallida 3.86 9.10 7.95 

Asparagus densiflorus 2.65 7.44 6.69 

Hoya carnosa 2.21 5.81 5.79 

 
The ability of plants to reduce CO2 depends primarily on temperature, lighting 

and CO2 concentration. It has been shown that as the concentration of CO2 in the 

indoor environment increases, the ability of the plant to bind CO2 also increases, 

and the ability of the plant to bind CO2 decreases with less illumination [10]. The 

indoor environment can be classified as a temperature-stable environment. The light 

may vary depending on the location of the plant within the space and depending on 

the combination and intensity of artificial and natural lighting. For a design 

temperature of 21°C, atmospheric CO2 concentration of 0.04%, a photosynthesis 

rate for plants with a C3 and C4 metabolic cycle of approximately 22 μmol · m−2 · 
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s−1, [11] can be considered due to daylight variable illumination to determine the 

true degree of photosynthesis and it is appropriate to consider possible variations. 

METHODS AND METHOLOGY 

Methodology description and input data  

For the determination of the efficiency of individual elimination methods, a 

model has been created. This model examines what area the plants must have in the 

indoor environment in the model space in order to equalize the ventilation, which 

will be controlled according to the limit concentration of the solved pollutants. 

Furthermore, it is investigated how much 1 m2 of plant for model space can have 

ventilation savings in case that both methods will be used at the same time in 

comparison with traditional plant-free ventilation. 

For the model case, it was considered an office area with a total volume of 67.2 

m3, which has 4 users, initial concentrations of substances are considered as 80% of 

the allowable limit: CO2 0.12%, benzene 5.6 μg · m−3, toluene 240 μg · m−3, 

trichlorethylene 120 μg · m3. At the same time, the following abatement of 

pollutants must be considered: CO2 for administrative work 0,28 l · min−1 · person−1 

[12], it is difficult for VOCs to determine specific production values, because the 

concentration may vary in each building life cycle [6], therefore the hourly 

production is determined as 3% of the initial starting concentration, ie benzene 

0.168 μg · m−3 · h−1, toluene 7.2 μg · m−3 · h−1, trichlorethylene 3.6 μg · m−3 · h−1. 

The concentration of monitored pollutants in the supply air is determined: 

CO2 0.04% [12], due to outside air filtration, the model assumes that the air is 

completely free of harmful VOC, filtration efficiency is considered as 100%, system 

wear or leakage that could affect performance in a real-world environment. 

Performance of individual plants listed in Tab. 1 with ability to bind the VOC 

was averaged. Therefore, for further calculations, the following plants are 

considered to bind pollutants: benzene 3.58 μg · m−3 · m−2 · h−1, toluene 8.05 μg · 

m−3 · m−2 · h−1, trichlorethylene 7.92 μg · m−3 · m−2 · h−1. 

Methodology description and input data  

To convert the volume production to the monitored pollutants by mass, it is 

necessary to start from (1): 

V=m ·R ·TM·p (1) 

Where V [dm3] is the gas volume, m [g · dm−3] gas mass, R [J · K−1 · mol−1] 

universal gas constant, T [K] gas temperature, M [kg · mol−1] gas molar mass, p [Pa] 

gas pressure. For 4 people, CO2 production is calculated at 112.3 g · h−1. 

In the model space, the total leaf area of the green plant is 1 m2, which 

corresponds to 0.25 m2 for 1 person. The CO2 binding capacity of 22 μmol · m−2 · s−1 

corresponds to 0.872 g · m−2 · h−1 when converted to hours and grams. 

The requirement for the amount of supply air in relation to the required 

concentration is based on (2): 
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qh=Vin · Creq - Cin(Cout - Cin) (2) 

Where qh [m3 · h−1] is the requirement for the amount of supply air for 1 person, 

Vin [m3] is the volume of air in the room area, Creq [ppm] is the desired pollutant 

concentration, Cin [ppm] is the current pollutant concentration inside the room area, 

Cout [ppm] is the pollutant concentration of the supplied air. 

The concentration of the instantaneous monitored pollutant in the indoor 

environment is based on (3): 

Cin=mori + mpro- mredVin · m0,0001 (3) 

Where Cin [ppm] is the instantaneous indoor pollutant concentration, mori [g] is 

the initial indoor pollutant mass, mpro [g] is the indoor pollutant mass excess, mred 

[g] is the indoor pollutant mass loss, Vin [m3] is the total volume of indoor air, m0.0001 

[g] is the mass of 1 ppm of the pollutant for the specified temperature and pressure. 

RESULTS AND DISCUSSION 

The effectiveness of the investigated methods, respectively the determination 

of the minimum amount of ventilated air and the determination of the minimum 

area of green plants as the equivalent, which has the potential to equalize 

ventilation, are shown in Tab. 2. From this tab. it follows that in order to maintain 

concentration in the indoor environment, it is either necessary to ventilate or have 

plants in the building. The results show that plants can contribute primarily to the 

reduction of CO2 and benzene concentrations, for toluene and trichlorethylene the 

ability to reduce concentrations by an order of magnitude lower and therefore only 

complicated to use in the practical environment of buildings. 

Tab. 2 Overview of required performance of individual methods for maintaining 

the required concentrations in the indoor environment, respectively for CO2 

0.12%, benzene 5.6 μg · m−3, toluene 240 μg · m−3, trichlorethylene 120 μg · m–3 

Substance 
Ventilation 

(m3 · h–1 · space–1) 

Plants 

(m2 · space–1) 

Carbon dioxide 76.08 35.16 

Benzene 2.01 3.15 

Toluene 2.01 60.13 

Trichlorethylene 2.01 30.56 

The results show that the main reason for building ventilation is the 

concentration of CO2 in the indoor environment. The presence and ventilation of 

VOCs are minor in terms of priorities. 

Using the combined regime, i.e. when plants are used together with ventilation 

in order to reduce pollutant concentrations, it can be stated that plants have the 

potential to reduce the ventilation requirement. A comparison for CO2 for the use of 

non-plant ventilation and plant ventilation is shown in Fig.1. 
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Fig. 1 Display of the ventilation of the area without plants and with plants for the 

monitored CO2 pollutant for the required concentration 0.12%. 

Fig. 1 shows the 2.58% potential to reduce the supply air demand for the 

simulation room due to CO2 concentration. This potential applies to 1 m2 of green 

plant leaves per simulation room. Fig. 2 shows the savings potential for reducing 

the concentrations of the VOCs solved for ventilation of plants with and without 

plants. 

 

Fig. 2 Display of ventilation of the area without plants and with plants for the 

monitored CO2 pollutant for the required concentration 0.12%. 

From the Fig. 2 it can be seen, that plants in terms of the ability to reduce the 

concentration of pollutants in the indoor environment are of the greatest importance 

for benzene, where they can have up to 31.66% effect on the reduction of the supply 

air demand. For trichlorethylene, plants have only about 3.26% potential, and for 

toluene 1.66%, the potential to reduce the amount of air required to maintain a given 

concentration. The simulation is considered with a 1 m2 area of green leaves per 

room, in the case of a larger number of plants in the indoor environment there is a 

potential to significantly reduce the demand for the amount of supply air. 

In the simulation case, the effect of variable illumination was neglected, which 

may have a negative impact on the ability to bind the monitored pollutants by plants. 

The effect of increased concentration of pollutants in the indoor environment was 
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also neglected, which may have a positive effect on the ability to bind the pollutants 

by plants. Mixing of fresh supply air and treated plants with exhaust air was 

neglected. All of these considerably variable factors can have an impact on the final 

concentration of pollutants in the indoor environment. 

CONCLUSION  

The present paper points out the possibility of using plants in the indoor 

environment of buildings to reduce the concentration of pollutants in the indoor 

environment and the associated reduced air supply requirements. Research suggests 

that plants can help to reduce the operating costs of building ventilation. Research 

also suggests that plants have the potential to improve indoor environment quality 

by maintaining the same amount of ventilated air as compared to non-plant 

environments, as they help to reduce the concentration of pollutants in indoor 

environments. 

The model environment was designed as an office with a total air volume of 

67.2 m3 for 4 users. The initial concentration of pollutants before the arrival of 

persons was determined for CO2 2.19 g · m−3, trichlorethylene 120 μg · m−3, toluene 

240 μg · m−3, benzene 5.6 μg · m−3. Systematic generation of pollutants into the 

whole model space was determined for CO2 112.3 g · h−1, trichlorethylene 3.6 μg · 

m−3 · h−1, toluene 7.2 μg · m−3 · h−1, benzene 0.168 μg · m−3 · h−1. The ability of 

plants to bind pollutants depends on the type of used plant. The present research 

shows that if 1 m2 of plant green leaves are placed in the examined area, a new 

method in the field of ventilation can save operating costs of more than 2.5% for 

monitoring CO2 concentration, 1.7% for monitoring toluene concentration, 3.3% 

for trichlorethylene concentration monitoring and more than 30% monitoring 

benzene concentration. 

Present article shows that plants can significantly affect the quality of the 

indoor environment and lead to savings in ventilation costs for buildings. In chapter 

Methods and Methodology was created comparison of ventilated environment and 

plants environment of buildings. Methodology is described by equations, that are 

able to set actual concentration of VOC in time. It was researched four pollutants, 

ie CO2, benzene, toluene and trichlorethylene and it is expected that the plants have 

a concentration-reducing effect on all studied substances, with the ability to reduce 

pollutant concentrations in the indoor environment directly dependent on the 

number of plants or their effective green leaf area. In chapter results it was 

confirmed, that using calculations of mentioned simulation, plants can have an 

influence for reducing amount of internal air and able to achieve operating costs 

savings in the field of building ventilation. An article presents new view into the 

issues of building ventilation and the improvement of the quality of the indoor 

environment. The research will be further extended by practical measurement that 

would prove this theoretical assumption. 
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„FROM THE LUFTWAFFE HEADQUARTERS TO A 

SANATORIUM”. THE ARCHITECTURE OF THE HOLIDAY 
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EMPLOYEES IN GOŁDAP, MASURIA 
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ABSTRACT 

This article presents the architecture, origin and the vicissitudes of the holiday 

resort which was dedicated to employees of the state media institutions of that time 

and which is representative of Polish holiday centres in Poland in the 1970s. It was 

developed near a town called Gołdap in northern Poland in the area of the Masurian 

Lake District which constituted a part of German East Prussia before 1945. The 

centre was planned in the land which operated as the Main Headquarters of the 

General Command of Luftwaffe during II World War. One of the key principles 

assumed by the designer of the holiday resort was not only the use of the natural 

advantages of the place but also the maximum adaptation of the preserved facilities, 

the foundations of the buildings and the infrastructure of the former military 

complex. The unusual architecture, attractive location and the scale of the 

constructed  complex bespoke of the investors’ considerable wealth. The history of 

the centre entwined closely with important events in general history and the political 

and economic changes which occurred in Poland after 1989 determined the decision 

to introduce a new function of a sanatorium to the facility. The complex was then 

partially reconstructed and developed. 

This article was based on a number of researches. A detailed analysis was made 

of the related archival materials and scientific publications. A comparative analysis 

was conducted of the architecture of the centre and other facilities used for the same 

purpose which had been built in the 1960s and 1970s in Poland. The required field 

studies and photographic documentation of all the premises were performed 

simultaneously.  

Keywords: architecture, resort, employee holiday centre, sanatorium 

INTRODUCTION 

The city of Gołdap is located in the Masurian Lake District, in the valley of the 

Gołdap River, and at the foot of the Szeskie Hills. Three and a half kilometres 

northeast of the city centre, at the edge of the Romincka Forest, is Lake Gołdap, a 

small ribbon lake surrounded by forests, and intersected by the Russian border at its 

northern end. The varied landscape is accompanied by lush nature, but the 

continental climate is one of the harshest in Poland, and is more suited for winter 

tourism than summer tourism. For this reason, as well as its secluded location near 
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the Russian border, and its single train connection with Ełk (terminal station), few 

vacation facilities were built at the lake during Poland's post-war period relative to 

other Masurian lakes. Of those that were built, the most important was a centre for 

book, press and radio workers from Warsaw. 

GOŁDAP AND THE SURROUNDING AREA UNDER GERMAN 

RULE 

Originally a German name, Gołdap and its surroundings were part of East 

Prussia until the end of World War II. The Romincka Forest was a hunting ground 

for German rulers. The heart of the ground was near the town of Rominten 

(currently Радужное, Russia), around 20 kilometres northeast of Gołdap. It was 

here that in 1891 Wilhelm II erected a wooden, Dragestil hunting lodge designed 

by Norwegian architects Holm Hansen Munthe (1848–1898) and Ole Sverre (1865–

1932). During the Third Reich in 1936, Herman Göring - the prime minister of 

Prussia, commander of the Luftwaffe, State Forest Inspector and Head Gamekeeper 

- commissioned construction of another wooden hunting lodge designed by 

Friedrich Hetzelt (1903–1986) near the previous one. After the German attack on 

the USSR, Rominten became Göring's main quarters. In 1940, a bomb shelter was 

built next to the lodge [5]. 

Beginning in 1878, train networks were built connecting Gołdap with the 

German capital and important cities in Prussia, which was of essential importance 

in using the area surrounding Gołdap for recreational purposes, as well as for 

development of the town itself. Furthermore, Wilhelm’s lodge in Rominten boosted 

the status of the city and its surroundings. During the interwar period, Gołdap came 

to be seen as a health resort town, and began to attract tourists. Recreation facilities 

were thus built around the lake [1]. In the town of Gross Kummetschen (Hermeshof 

from 1934-1945), located along the shore of the lake on the side of Gołdap, were a 

hotel and youth shelter with a swimming hole, and a pier with a diving tower at the 

end. Next to the shelter was a tennis court and sports pitch. In the small town of 

Schillinnen (currently Szyliny) on the other side of the lake was a health resort 

(Kurhaus) [6], [7].  

During the Second World War, Gołdap and its surroundings enjoyed relative 

peace, although its location near the border meant that it was a close witness to 

battles on the Eastern Front. The village of Hermeshof played an important strategic 

role in the war, as the Luftwaffe headquarters were build there in 1940. Several 

Luftwaffe operations in Europe and North Africa were directed from here between 

1941-1944. This also kept commanders close to Göring's main quarters in 

Rominten. The complex, which was called Robinson, was built around 300 meters 

from the shore of the lake, with a railway embankment running in between. Up until 

this point, there were only a few residential buildings scattered throughout the area. 

The Nazi complex consisted of several facilities, including bomb shelters, 

aboveground bunkers, brick buildings, barracks, and infrastructure [3], [5], [7]. 

The Robinson complex in Hermeshof and Göring's quarters in Rominten were 

destroyed by the retreating German army in October of 1944. Gołdap was captured 
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by the Red Army in January of 1945. Nearly 90% of it had been razed by the 

fighting. 

GOŁDAP - A HOLIDAY RESORT FOR THE PEOPLE’S 

POLAND 

As a result of the Potsdam Conference in 1945, around 2/3 of East Prussia was 

incorporated into Poland. The new border between Poland and the USSR cut from 

East to West through the pre-war Gołdap country (Kreis Goldap in German). Poland 

received the Southern part, including Gołdap itself, as well as the majority of Lake 

Gołdap. Soon after the capture of East Prussia, the Russians initiated a new wave 

of destruction. In 1949 and 1950, Wilhelm II's hunting lodge, which survived the 

war unscathed, was disassembled and moved to Kaliningrad. The railways running 

from Gołdap were dismantled, and the tracks were sent back to the USSR. In 1948, 

only the connection between Ełk and Gołdap was restored. Reconstruction of 

Gołdap began immediately after the war, and lasted nearly three decades. Despite 

the efforts of planners, the original street layout could not be preserved. 

Furthermore, the new buildings were low-quality, and lacked architectural integrity. 

The city thus lost its picturesque, small-town character [1], [6]. 

In the 1960s, recreational facilities began to appear around Lake Gołdap. One 

of the first was a small, low-standard complex that resembled a school building in 

the former Hermeshof. By 1974, at least four other recreational facilities had been 

erected. They belonged to businesses and government institutions (including the 

Ministry of Labour, Wages and Social Affairs) in Gołdap, Białystok and Warsaw. 

In the years that followed, the ministerial centre operated year-round. Furthermore, 

three new, year-round complexes were added to the holiday facilities in Gołdap. 

The largest and most impressive was the holiday resort of the Warsaw Executive 

Board of the Trade Union of the Book, Press and Radio Employees, build between 

1974-1977 [4], [7]. 

ARCHITECTURE  

The main residential and recreational part of the center took the place of the 

Luftwaffe headquarters in pre-war Hermeshof (currently Gołdap's Kumiecie 

district). This area was especially attractive for tourists due to its proximity to the 

lake, which is surrounded by dense, ancient forests and lush groundcover. 

Furthermore, utilization of the ruins of earlier buildings would cut significant costs. 

The design was prepared by Warsaw architect Tadeusz Michalczewski in 1973. 

The main building complex would consist of an oblong residential pavilion 

connected to a dining room and a cafe-bar, located in two aboveground bunkers of 

the Luftwaffe headquarters. The twin bunkers each had an original area of 400 m² 

and height of 5.80 m. A new wing for maintenance (cooking, laundry, etc.) would 

also be added to the northeast part of the main complex. The residential part of the 

main building would be supplemented by eight units built on the foundation of the 

former barracks. Each unit would consist of eight, two-story duplexes connected to 

one another by a an open corridor. The architect also planned to build a puppet 

theatre and youth club using the foundations and walls of the former boiler room 



 

278 

and pump room. The permanent staff would have six apartments in a new building 

constructed on top of an old foundation with a basement. The bunker of the former 

power station would be adapted to house seasonal staff. The plan even intended to 

utilize German-built structures such as water reservoirs for firefighting. One was 

refashioned into an outdoor pool for summer, and the other into an indoor pool for 

winter. Forest clearance was limited to the required minimum, and the old network 

of roads was used [3]. Unfortunately, however, the majority of the program was not 

executed. No residential complexes were built in the forest, and neither were many 

of the accompanying facilities such as pools and sports pitches. 

 

Fig. 1. Michalczewski T., Site layout plan of the holiday resort of the Warsaw 

Executive Board of the Trade Union of the Book, Press and Radio Employees in 

Gołdap, dated - 1973. Archive of the Wital sanatorium in Gołdap.  

The most important of the four sections of the main building was the two-story 

residential pavilion with entrance hall. The three wings of the pavilion housed 

comfortable double rooms with bathrooms and balconies. The wings were 

connected by foyers. In the northwest, hexagonal staircases lined the walls of the 

foyers, and connected it to the old bunkers. On the roofs of the bunkers, which 
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housed the dining room and cafe-bar, were spacious sunbathing terraces with a 

combined area of 800 m², connected by a footbridge. The fourth and final section 

of the complex was a rectangular building that housed a kitchen, boiler room, 

laundry room, and a separate, closed courtyard. It was linked to both the dining 

room and cafe-bar, and it also had a basement [2]. 

 

 

Fig. 2. The main complex of the holiday resort of the Warsaw Executive Board 

of the Trade Union of the Book, Press and Radio Employees in Gołdap from 

1978-1981. Photo: L. Surowiec. www.fotopolska.eu.  

The residential pavilion featured parallel, gable roofs, and the upper part of the 

façade resembled a triangular, attic-style roof comb. This look was complemented 

by the triangular balconies below. These motifs decorated the smooth, white-

plastered walls divided by horizontal rows of balconies, and a cordon cornice 

between the second floor and attic. The façade is accented only by the light 

construction of the entrance foyer wall, which is wood-finished, largely glazed, and 

divided similarly to its white-plastered counterpart. The upper part of the wall is 

closed off by the rectangular, white-plastered wall of the attic. The entirety 

resembles a large gate. The wood used for the entrance is a logical reference to the 

surrounding environment, and gives the architecture a friendly and warm 

atmosphere. It is also worth mentioning that the architect originally intended to 

create a type of open corridors along the walls of the bunkers. A roof-like structure 

would have sloped towards the ground from the railings of the terrace, allowing 

visitors to walk along the wall of the building under its cover. The eaves would have 

been lined with sawteeth, and would have referred to the other triangular elements 

of the building [2]. 

An example of subtle, late-modernist architecture, the aesthetic expression of 

the central building generally fit in with contemporary design trends. The two 

delicate angles in the shape of the building, combined with the unusual shape of the 

balconies, produced a seeming effect of undulation. At the time, such a look was 
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similar to that of other Polish holiday centres situated in mountain areas in 

accordance with the contour lines on the map. Examples include the flagship Home 

of the Polish Teachers' Union in Jaszowiec, designed in 1960 by Henryk Buszko 

and Aleksander Franta, as well as the lesser-known Office of the Council of 

Ministers in Zakopane, designed in 1961-62 by Edward Mój, Antoni Kowal and 

Bolesław Klimek. Yet the contrast between its white walls, wood and glass gives 

the centre in Gołdap a certain distinctive character. 

RECENT HISTORY 

The history of the complex as a holiday centre came to an end just a few years 

after its completion. Its location near the border was an important determinant of 

how it was used after the introduction of martial law in December of 1981. From 

January to August of 1982, female Polish democratic opposition activists were 

forced to stay at the centre. In the 1980s, workers' holidays in Poland declined in 

significance. Many centres required constant investment, which was difficult during 

the abovementioned crisis. We know that in Gołdap in 1988, services were being 

offered by 12 holiday facilities (5 year-round) whose technical conditions left much 

to be desired. The holiday resort of the Warsaw Executive Board of the Trade Union 

of the Book, Press and Radio Employees was the largest and best-equipped. Its 7 

brick buildings and bunkers were in good technical condition, and its residential 

wing housed 169 beds [4]. After 1989, the Polish People's Republic's system of 

workers' holidays was replaced by private investment in holiday centres. The 

health-resort potential of Gołdap county was soon recognized as its greatest source 

of capital. The city and its surroundings were confirmed to have specific climate 

conditions, mineral water springs, and valuable mud deposits. According the the 

development strategy of 1989, the Kumiecie district could become the "heart" of 

the new resort. The holiday resort of the Warsaw Executive Board of the Trade 

Union of the Book, Press and Radio Employees was adapted into a health resort 

complex, and constructed around it were hotels, guesthouses and above all - 

graduation towers [1]. Unfortunately, however, the main building lost its original 

aesthetic merits during this adaptation. The light, wood-finished wall in the main 

facade was replaced with a traditional, plastered brick construction; the residential 

pavilion was covered with asymmetrical, gable roofs; and the characteristic attic 

with triangular peaks was discarded. Additional floors were built in place of the 

attractive terraces on top of the dining room and café. 

CONCLUSION 

The architecture of the holiday resort of the Warsaw Executive Board of the 

Trade Union of the Book, Press and Radio Employees in Gołdap was exceptional 

due to its adaptation of the military complex left behind by the Nazis. Its balanced 

aesthetics, high quality of workmanship, and high standard of use were 

characteristic of other holiday centres for workers of central institutions in Warsaw. 

The history of the centre after 1989 is typical for Polish holiday centres build 

between 1955 and 1980. Architecture from this period commonly evokes negative 

associations, and its merits often go unrecognized. New owners are thus adapting 

old centres according to their own needs and tastes. Most often, they seek to increase 
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the useable surface area, usually with inexpensive construction materials. It 

therefore seems necessary to grant legal protection to Poland's most valuable 

architectural accomplishments, and educate the public on the merits of the most 

important holiday centres from the times of the Polish People's Republic. 
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ABSTRACT 

Biomass stores solar energy that man can convert into electricity, fuel or heat, 

resulting in cheap, clean energy with a negative carbon balance. 

The use of biomass from agricultural secondary production as a potential 

energy source can improve soil quality and reduce greenhouse gas emissions in a 

complementary, non-competing way. 

The paper presents a piece of combustion equipment performing the burning 

process by biomass gasification on the TLUD (Top-Lit UpDraft) principle, from 

which hot air and biochar are obtained. 

The main function of this type of gas generator set on the TLUD principle is to 

generate a syngas flame which can be used as a heat source. The biochar obtained 

as a by-product is a sterile, active carbon with a large adsorption surface which is 

used as a soil amendment in environments with limited capacity for carbon 

sequestration and in soils depleted of resources.    

Gasification on the TLUD principle occurs when the biomass layer is 

introduced into the reactor and rests on a grate through which the air flow for 

gasification passes from bottom to top. Priming of the gasification process is done 

by igniting the upper layer of biomass in the reactor. The oxidation front 

continuously descends consuming the biomass in the reactor. Due to the heat 

radiated by the oxidation front the biomass is heated, dried, and then it enters a fast 

pyrolysis process from which volatiles emerge and unconverted carbon remains 

there. 

When the combustion front reached the grate, all the volatiles in the biomass 

were gasified and some of the carbon fixed was reduced; about 10 - 20% of the 

initial mass in the form of sterile charcoal, called biochar, remains on the grill.   

Compared to wood direct combustion or gasification combustion processes, the 

TLUD gasification process is characterized by very low values of the superficial 

velocity of gas passing through the pyrolysis front. The slow process maintains 

superficial velocity of the generator gas produced at very low values, which ensures 

reduced carrying away of free ash of approximate size below PM2.5 and maxim 

values of 5 mg/MJbm when leaving the burner; such values are well below the target 
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imposed in the EU in 2015 for biomass combustion processes, which is below 25 

mg/MJ.  

The result of monitoring the gasification process can be used to automate and 

optimize the TLUD process in order to achieve green energy, for carbon 

sequestration in the obtained biochar and to reduce greenhouse gas emissions, thus 

contributing to achieving efficient protection of the environment and to ensuring 

sustainable energy development. 

Keywords: TLUD (Top-Lit UpDraft), biomass, gasification, biochar, heating   

INTRODUCTION 

An exigence nowadays is the development and use of environmentally friendly 

and economical technologies for the production of clean energy, in sufficient 

quantities. The name “clean” refers in particular to the minimal impact that the 

energy production technology should have on the environment. There is a lot of 

discussion about excessive CO2 or (re)active gas emissions which can reduce the 

thickness of the protective ozone layer, characterizing human activity and existence, 

and implicitly the activity of energy production through conventional technologies. 

Lately, in many countries research efforts are being made with respect to 

unconventional energies (wind, solar, geothermal, hydroelectric, or biomass), 

which are an alternative to using fossil fuels.  

Free combustion of agricultural biomass from residual production produces a 

large amount of pollutant emissions as well as a massive waste of thermal energy. 

Modern methods of biomass combustion are based on processes of densifying into 

pellets or briquettes and combustion in furnaces with high combustion air velocities, 

which results in high PM and CO2 emissions. Densifying of biomass consumes 

quite a large amount of energy, on average 5 ... 8% of the energy of non-densified 

biomass; it requires high electric power expensive facilities, and to the production 

cost one should add the cost of long-distance transport from the place of harvesting 

to the place of processing. It should be mentioned that pelletizing indirectly 

produces CO2 emission related to the electricity consumed in the process, but it has 

the advantage that the densified biomass can be burned in fully automated plants 

and it ensures a continuous and controllable production of thermal energy. 

A solution for solving the problems of eco-efficient combustion of local, 

agricultural and forestry biomass is the use of thermochemical gasification on the 

TLUD principle (Top-Lit UpDraft) [1], which produces thermal energy with 

polluting emissions under the norms imposed for the year 2020, with conversion 

efficiency up to 85% and about 10..20% residual coal, not converted to gas, 

commonly referred to as biochar. This is a good amendment for agricultural soils 

and reduces the CO2 concentration in the environment by sequestering carbon in 

the soil for long periods. 

MATERIAL AND METHODS 

In order to produce thermal energy (hot air) from biomass and biochar, the 

thermochemical gasification of biomass on the TLUD (Top-Lit UpDraft) principle 
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is considered. This process is efficient in low power applications; it is little 

demanding with respect to the quality of the biomass to be gasified, and the 

equipment has a simple and cheap structure.   

Through thermochemical gasification, the biomass is oxidized in the reactor 

with 20-30% of the air required for stoichiometric combustion. The resulting gas, 

called “generator gas”, has a typical average composition: CO – 20%, H2 – 18%, 

CO2 – 10%, CH4 – 4%, and remainings - N2. The efficiency of conversion into 

thermal energy varies depending on the gasification process, the characteristics of 

the biomass used, and the level of insulation of the equipment, in the range of 

75...85%. The calorific value of the gas produced is PCIgas (4.5...5.5) MJ/Nm3 

depending on chemical composition and moisture content of the biomass. [2] 

Table 1 presents the results obtained regarding the quality and quantity of the 

resulting generator gas and biochar. They differ both in the combustion mode and 

in the control of the gasification air in the TLUD reactor. 

Table 1. Typical yields of biomass (dry basis) for different combustion modes [3] 

 

The operating principle of the TLUD type gas generator set is shown in figure 

1. The gas generator set is composed of an up-draft gasifier coupled to a burner. 

The biomass is introduced into the reactor and rests on a grate through which the 

primary air for gasification passes from bottom to top. Ignition and initiation of the 

pyrolytic front is done at the top of the gas generator, and it advances into the 

biomass layer. The pyrolysis results in gas, tar and coal. The tar passes through the 

incandescent coal layer, is cracked and totally reduced due to the heat radiated by 

the pyrolysis front and by the flame at the top. The resulting gas is mixed with the 

secondary combustion air which is preheated by the reactor wall and is introduced 

into the combustion zone through the openings at the top of the reactor. The mixture 

with high turbulence burns with flame at temperatures of about 900ºC.    
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Fig.1. Functional diagram of the energy module type TLUD [4]. 

The biochar obtained as a by-product of gasification on the TLUD principle is 

a sterile charcoal obtained from pyrolysis of wood biomass in an oxygen-free 

environment or with a substoichiometric concentration. It has a carbon content of 

75-90% and is characterized by high porosity with high adsorption capacity. The 

biochar can be used as an agricultural amendment to increase soil fertility, as well 

as a filter material for air, gas and water. Incorporated in the soil, it represents the 

most economical and ecological way to sequester atmospheric carbon for long 

periods of time.  

Transformation of plant material into biochar has several advantages. The 

pieces of char can be the host for billions of microorganisms beneficial to the soil. 

Moreover, plant roots can grow between them and even in these pieces of biochar, 

feeding on nutrients stored in the porous char. It acts as a sponge that retains water 

and allows the roots to absorb it slowly in periods between rainfalls or irrigation. 

The biochar is not biologically active, does not degrade and does not return CO2 to 

the atmosphere.   

Almost any form of organic natural (wood) material can be transformed into 

biochar. Therefore, the materials considered organic waste can be transformed into 

energy and biochar, helping to reduce greenhouse gas emissions and contributing 

to effective environmental protection and to ensuring sustainable energy 

development. 

THEORY AND CALCULATION 

From literature [4], [5], [6], [7], [8] it turns out that the gasification process is 

carried out at reduced feed rate of the pyrolytic front, with a specific hourly 

consumption of biomass of 80 - 150 kg/m²h, which results in reduced specific 

reactor powers of 250 - 350 kW / m². The slow process maintains the superficial 

velocity of gases in the reactor at very low values, v ≤ 0.06 m / s, and does not allow 

carrying along of free ash particles larger than PM2.5, reaching up to 5 mg / MJbm 
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when leaving the burner; this value is at least five times lower than the current 

standards required for solid fuel heat generators. 

The stages of the gasification process (drying, pyrolysis, oxidation and 

reduction) take place simultaneously in different areas of the reactor. 

Drying is necessary because the moisture content of biomass varies from 5 to 

55%. At temperatures above 100° C, water is removed and turned into steam. 

During the drying process, the biomass does not suffer any decomposition.  

Pyrolysis takes place in the temperature range of 150 - 700° C, and it consists 

of thermal decomposition of biomass in the absence of oxygen.   

Oxidation takes place by the aid of the air introduced into the oxidation zone. 

The air contains oxygen, water vapours, inert gases, nitrogen and argon that do not 

react with the biomass components. Oxidation takes place at 700-2000° C. 

In reduction several chemical reactions take place at a temperature of 800 - 

1000° C and in the absence of oxygen. 

The generator gas resulted is a mixture of combustible and non-combustible 

gases. The combustible gases are: carbon monoxide (15 - 30%), hydrogen (10 - 

20%), methane (2 - 4%). The non-combustible gases are: nitrogen (45 - 60%), water 

vapours (6 - 8%), carbon dioxide (5 - 15%) [10].  

If the specific power of the reactor is approx.300 kW /m², then for the power 

of 30 kW a reactor section of 30/300=0.100 m² results. For this section we start 

from a diameter of the reactor of 0.35m.  

The calculation algorithm for the gas generator of 30 kW is [10]: 

Diameter of the reactor:  m.Dr 350=                                                             (1) 

Biomass layer height (batch height):  m.H rbm 60=                                       (2) 

Section of the reactor: 2
22
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=        (3) 

Biomass volume in the reactor: 
3057700961060  m...SHV rrbmrbm === (4) 

Biomass layer density: 600 kg/m3 (for pellets)                                                         

Initial mass in the reactor:  kg..Mbm 6340576606000 ==                            (5) 

The specific hourly consumption of gasified biomass is of 85 kg/m2 · h; 

therefore, for the surface of the reactor we will have a specific consumption of: 

kg/h 8.170.096185Chbmg ==                                                                           (6) 

The running time will be:  h.
.

.
tg 234

178

634
==                                                             (7) 

Energy from gasified biomass:  MJ..PME Cbmbmgbm 2588176340 ===   (8) 
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Thermal power of hot gases:  kWth.
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and burner thermal power, which takes into account the efficiency of 

combustion (comb) of the combustible gas ( 950.comb = ) and the insulation (insul) 

efficiency (losses outward – 960.insul = ), will be:  

thkW ....PP insulcombgcomb 763296095092235 ===                              (10) 

RESULTS 

In a research and development department of INOE 2000-IHP Bucharest 

(www.ihp.ro), an experimental model of hot air generator on the TLUD principle 

with an induced draft system of 32 kW was designed and tested. 

Operation of the experimental model of hot air generator on the TLUD 

principle (fig. 2) it is based on the following principle: gasification air (fig. 2b), 

driven by the fan 3, gets into the reactor 7 through the opening 9 and the holed 

bottom of the reactor, and the generator gas resulted from the pyrolysis process rises 

to the furnace and mixes with the combustion air which enters through the opening 

8 and reaches the furnace 6 through the separator between the reactor and the 

combustion zone. The hot air draft from the burner washes the inside of the heat 

exchanger 1, and goes out through the funnel 4. Heated air (fig. 2a) from the outside 

of the heat exchanger 1 is driven by the fan 5, and gets out of the hot air generator 

through the opening 2.    

 

Fig.2. a) hot air path; b) exhaust gas path 

The correct operation of the hot air generator involves maintaining a 

temperature of approx. 200°C in the funnel 4 to prevent condensation and 

deposition of tar. If the temperature is lower, the tar can be deposited on the exhaust 

path, and if higher the energy is wasted unnecessarily in the atmosphere. 

Maintaining the optimum temperature in the funnel is done by adjusting the air 

valves 8 and 9. 

During testing, opening of the valves for combustion air and inlet of 

gasification air was done manually by measuring the opening slot so that the air 
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ratio established on the valves is Qc / Qg = 2.6, where Qc is combustion air flow 

and Qg is gasification air flow. Literature [9], [10] indicates that the flow rates ratio 

must be within the range 2.44 ... 3.3 to get the best results.  

From the same sources [4], [5], [6], [7], [8] we know that the syngas superficial 

velocity is from 0.03 m/s to 0.04 m/s, well below the critical level of 0.1 m/s. On 

leaving the reactor, the combustion gas has a flow rate of 0.007 m3/s and average 

temperature of 695° C.  

In order to track the gasification process, the temperatures at the key points 

were monitored according to the test diagram (fig. 3) for: 

- Ambient temperature 

- Preheated air temperature around the exhaust funnel 

- Supply air temperature in the inlet valves area 

- Exhaust gas temperature 

- Air temperature at the outlet of the air-to-air heat exchanger. 

 

Fig. 3. Diagram of connections during testing 

Fig. 4. The TLUD type furnace 

The combustion of the generator gas mixture obtained from the biomass 

gasification gives a reddish-colored flame (fig. 4) in the burner. If the gasification 

process was completed and the pyrolytic front reached the bottom of the reactor the 

gasification process changes into Down Draft (the material advances towards the 

pyrolytic front); the char is gasified and the resulting gas combustion generates a 

blue flame.  

The aim of the research is to obtain energy (hot air) and to sequester carbon in 

the biochar obtained as a by-product (char), so the combustion process will be 

stopped when the flame turns blue by turning off the induced draft fan 3 and opening 

the reactor. 

An application developed in LabView was used to display and record the data. 

The application displays both numerically and graphically the temperature variation 

during combustion. When recording is stopped, the application allows saving the 
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temperature values as a function of time in a text file. The data can be used and 

further processed. 

The equipment was designed to suck air from the hot - exhaust gas - area, thus 

obtaining an energy recovery recorded at values of 10-30°C as the difference 

between the ambient temperature (blue graph) and the inlet air temperature in the 

air valves area (red graph). 

As a result of data acquisition (fig. 5) throughout the operation until the flame 

turned blue and the hot air generator was turned off (the fans were turned off and 

the feeding door was opened) in order to obtain biochar, the following graph was 

obtained:  

 

Fig. 5. Evolution of temperatures during the operation of the TLUD generator  

The combustion process took 83 min. for a 15 kg bag of pellets; it was 

interrupted (fig. 6a) when the flame became blue (a sign that the pyrolytic front has 

reached the grid, the biomass gasification is completed and the burning of biochar 

begins). Thus, biochar was obtained (fig. 6b), approx. ¼ of the volume of the 

material initially introduced for combustion, and hot air from 90 to 110° C on 

leaving the exchanger (fig. 5). 

The research will continue to determine the quality of the biochar obtained and 

to achieve process automation in order to optimize the functioning of the equipment. 

  

a)  b) 

Fig. 6. a) Ceasing the process, b) Biochar. 

 

CONCLUSIONS 
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Biochar is a steady form of carbon, chemically equivalent to charcoal, that can 

be used to improve soil in order to increase and maintain humidity, retain nutrients, 

as a habitat for beneficial microorganisms, as well to sequester carbon in soil for 

long periods. 

The most important advantage that the gasifier based on the TLUD principle, 

designed and developed by INOE 2000, brings is that one can get clean energy 

compared to any of the other combustion modes. It also stores carbon in biochar, 

which is an important amendment to improve the quality of exhausted soils. The 

equipment is cheap, simple and reliable; it allows the use of a wide variety of 

biomass types and offers environmental protection solutions through particulate 

matter (PM) and CO2 emissions below the values required by law. 

Based on this research and the data obtained, a simulation model can be 

developed and validated in order to control the combustion air and gasification air 

supply, so that the advantages of the TLUD principle to be exploited and a new 

technical solution of hot air generator with automation capabilities to occur, able to 

become the subject of a technology transfer to a production unit. One can also 

continue the research targeting the obtaining of high-quality biochar in order to 

bring maximum benefits to the soil in which it is integrated. This will bring a piece 

of innovative equipment to the market, able to satisfy the beneficiaries and to 

contribute to the promotion of sustainable energy development in harmony with the 

natural environment. 
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ABSTRACT 

At the international and national level there is a strong connection between 

culture and tourism, tourism representing an important factor of the economic 

development by capitalizing the tourist potential of the cultural elements. Romania 

has a rich and valuable heritage potential with tourist attractions included on the 

map of European cultural routes. The challenge for Romania is the weak promotion 

of the cultural tourism due to the difficulties in developing a better infrastructure 

for a high accessibility to cultural attractions. The literature offers a wide range of 

definitions of cultural tourism which emphasize the complexity of this 

phenomenon. The Romanian literature lacks a thorough documentation on the 

cultural tourism as a whole, most of studies being concentrated on general 

approaches i.e. introduction to cultural tourism, analysis of the cultural tourism 

trends, sustainable development and perspectives, Romanian heritage, promoting 

strategies. Some papers are concentrated on specific areas of Romania such as 

Transylvania, with the medieval cities, fortresses and castles, Bucovina, with the 

painted monasteries and traditional artefacts, Maramureş, with the rural tourism and 

cultural heritage, as well as Black Sea Coast and Danube Delta. Other papers are 

related to cultural attractions like museums, orchestra performances, restaurants, 

hotels in some developed areas, and to traditional or religious rituals, popular art or 

folklore events in some less developed areas and how they could promote and revive 

the Romanian tourism or other areas with a low or medium level of capitalization 

of cultural attractions. Within this broader context, the paper aims to review and 

discuss the definitions and concepts of cultural tourism in Romania and identify the 

main types of cultural tourism practiced and addressed by the literature. 

Keywords: cultural tourism, definitions, concepts, types, Romania 

INTRODUCTION 

The World Tourism Organization (UNWTO) defines cultural tourism as "a 

type of tourism activity in which the visitor’s essential motivation is to learn, 

discover, experience and consume the tangible and intangible cultural 

attractions/products in a tourism destination. These attractions/products relate to a 

set of distinctive material, intellectual, spiritual and emotional features of a society 

that encompasses arts and architecture, historical and cultural heritage, culinary 

heritage, literature, music, creative industries and the living cultures with their 
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lifestyles, value systems, beliefs and traditions" (https://www.unwto.org/tourism-

and-culture). 

According to The National Institute for the Tourism Research and 

Development: A Study concerning the Foundation of the Strategy for the Tourism 

Development in Romania after the Accession to the EU (Institutul Naţional de 

Cercetare-Dezvoltare în Turism) "cultural tourism gains popularity faster than the 

other tourism segments and clearly faster than the tourism growth rate in the world". 

Worldwide, increasingly more tourists choose arts, heritage and other cultural 

activities as key reasons of travelling [1], [2]. In some places in Europe (Romania 

included), the old traditions and customs, as well as the related ethno-folkloric 

elements (e.g. clothing, dancing, folk songs), are still maintained and can be 

observed in real-life situations. 

Romanian territory has rich and valuable heritage potential with tourist 

attractions included on the map of European cultural routes [3]. Romania is a unique 

country where a traveller can find, in just 24 hours, a Byzantine church, a roman 

basilica, a gothic cathedral, a Turkish mosque, a Greek fortress, a cubist or a 1900 

style building. The fact that it is not included among the Europe’s „valuable” 

destinations is a loss both for its inhabitants and for Europeans in general, too [4]. 

One of the reasons is the lack of image consolidated by identity elements or/and 

simply the lack of image that would represent the starting point for development of 

appropriate tourism products (developing a strategy) [5]. 

The geographical position and the three defining natural landamarks - 

Carpathians, Danube and Black Sea, as well as the cultural-historical background 

in terms of archeological vestiges, historical monuments, architecture and art and a 

rich ethnofolkloric heritage, give Romania a tourist potential of a complex and 

special value. Hence, a wide range of types and forms of tourism, which can meet 

the requirements of Romanian and foreign tourists [6]. 

The current paper is seeking to offer a structured review on the conceptual 

framework on the cultural tourism in Romania by identifying the definitions and 

concepts of cultural tourism, the types of cultural attractions and cultural tourism 

practiced, and the main regions important for cultural tourism. 

METHODOLOGY 

The study is founded on an extended qualitative documentation aimed at 

evaluating the dynamics of the cultural tourism concepts and typologies. The 

methodological approach is based on the analysis of cultural tourism in Romania in 

a comparative manner, in the broader context of tourism, based on documents and 

bibliographic sources. The emphasis was placed on aspects aimed at proving a 

general outline of the cultural tourism in Romania from both the theoretical and 

conceptual frameworks: (1) the general aspects of cultural tourism; (2) theoretical 

approaches on cultural tourism and (3) studies having in view specific elements 

directly involved in the tourism activities. The study had in view recognizable 

methods and approaches for collecting, analysing and comparing the studies. The 

current research also relies on data and information extracted from documents 

https://www.unwto.org/tourism-and-culture
https://www.unwto.org/tourism-and-culture
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published by the UNWTO, Ministry of Economy, Energy and the Business 

Environment, Ministry of Culture, Ministry for Public Works, Development and 

Administration, Development Regions and County Councils) in order to outline the 

main features of the cultural tourism at different levels (national, regional or local).  

RESULTS AND DISCUSSIONS 

1. Theoretical approaches on cultural tourism. The Romanian literature 

generally lacks a thorough and extensive narrative on the cultural tourism 

definitions/meaning.  

According to the UNWTO, cultural tourism includes an extended array of 

categories: tourism for young people, where cultural and educational aspects 

predominate (e.g. study trips, trips to learn a foreign language, international camps); 

exchanges of artists, writers and events celebrating these exchanges; rural tourism, 

holidays for families in the region/country visited; holidays in villages integrated in 

the local cultural environment; participation to religious festivals, national and 

international festivals; cultural tours, which includes visits to museums, historical 

sites and participation in different cultural events; pilgrimages to historical and 

religious places and monuments [7],[8].  

Starting from the image perceived by the inhabitants about their own 

destination [5] emphasize the importance and also the role of the destination image 

in developing the main directions of actions and, especially, in developing the 

strategy for the specific tourism products, including cultural tourism. As a result, in 

the volume Tourism economy (2005), R. Minciu, lists the conditions that a certain 

route should comply to be included in the type of cultural tourism: the motivation - 

desire for knowledge; the consumption of a tourist product with cultural 

significance (monument, artworks, show); the intervention of a mediator - a person, 

document, audio-visual material to highlight the cultural product.  

Compared with the other forms of tourism, cultural tourism has specific 

features driven by its core, manifestation, as well as its evolutions and involutions 

in an area. In addition, cultural tourism is at the crossroad between tourism and 

culture, making use of some characteristics from both. As a result, the particularities 

of cultural tourism involve a complex content, due to the special services that are 

included e.g. by cultural institutes i.e. museums, churches and monasteries, 

festivals, shows, various cultural events; targets an educated and cultured clientele; 

is generally a more expensive product, but not a luxury one; seasonality is less 

highlighted compared with other forms of tourism [9].  

Cultural tourism is defined by Busuioc M.F., Simon T., Niculescu A.C., 

Trifănescu R., in the paper New opportunities for niche tourism in Romania: 

ethnographic tourism, 2016 in relation to the existence of traditional settlements, 

occupations and crafts, of well-defined ethnic groups, of ethnography centres and 

museums and the preservation of traditional culture elements. Ethnographic 

tourism, in particular, is considered by the authors a niche tourism in Romania, an 

adjacent form of cultural tourism, centred on the values of traditional arts and 

creation.  
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The cultural component of tourism is assessed by identifying its forms, actions 

of prospecting resources and regionalization of the territory based on cultural 

tourism [10]. Cocean and David, 2014 in the book Peisaje culturale/Cultural 

landscapes further address several conceptual elements and the meanings of the 

cultural landscape and make a typology of cultural landscapes (e.g. as a result of 

productive activities, tourist landscapes, residential, historical, sacred landscapes).  

Cultural/itinerant tourism is an important component of tourist packages for 

foreign tourists, most of them on their first visit to Romania. The tours designed for 

foreign tourists include cultural objectives, recognized as international values 

(UNESCO sites) and tourist regions with a strong ethnographic imprint. At the same 

time, cultural tourism focused on different monuments is a type of traditional and 

popular tourism for domestic tourism in our country, but practiced individually or 

in small groups, usually during summer, especially by families on vacation for 

recreation purposes [11]. As types of cultural objectives with tourist importance can 

be distinguished (Fig. 1) [6], [11]: 

i. The monasteries and churches among which, of a universally recognized 

artistic value (including UNESCO World Heritage), are those with exterior murals 

from Bucovina, the monasteries Neamţ County, Maramureş and Oltenia Regions or 

Apuseni Mountains; 

ii. The fortified churches and peasant cities of Transylvania are another 

group of cultural tourist attractions of great value that preserve elements of medieval 

architecture specific for the region, to which are added customs, traditions and crafts 

and even systems of settlement and organization of peasant households and types 

of land cultivation dating back to very ancient times; 

iii. The Dacian and Roman sites and fortresses are another attraction for 

visitors driven by cultural tourism, although they are less promoted and accessible 

and consciously frequented, compared to other types of cultural-historical 

objectives; 
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Fig. 1. Romania’s tourism potential (Source: Glăvan V., Necşuliu G. (2006), 

Tourism. Potential and uses, in vol. Bălteanu, D., Badea L., Buza M., Niculescu 

Gh., Popescu C., Dumitraşcu, M. (eds.), Romania: Space, Society, Environment, 

Edit. Academiei Române, Bucureşti, pp. 309-322) 

 

iv. Museums and memorial houses are another category of objectives of 

interest, housing art objects, archaeological and historical remains, ethnographic 

collections of various types, collections of natural sciences; others evoking the life 

and activity of great personalities of Romanian culture, science and history; 

v. In recent the years, cultural events such as festivals have begun to attract 

more and more visitors, promoting themselves to a specific profile of the public, 

both from the country and abroad; 

vi. Technical and economic objectives are represented by engineering works 

of art, bridges, dams, railway stations, old industrial units; 

vii. Wineries - Romania is a country with an important wine production and 

with an international reputation in the field, having a rich and diversified potential 

offered by its wine regions, spread throughout its territory in the hilly areas of 

Transylvania, Moldova, Muntenia and Dobrogea. 

Other approaches on cultural tourism are addressed in several 

volumes/university courses which have in view tourism as a study object or the 

research methodology: e.g. Amenajări turistice/Tourist facilities (1996) by G. 

Erdeli & I. Istrate; Turismul în România/Tourism in Romania (2000) by V. Glăvan; 

Geografia turismului/ Geography of tourism (2003) by I. Muntele & C. Iațu; 

Geografia turismului/Geography of tourism (2004) by S. Neguţ; Geografia 

turismului/Geography of tourism (2004) by M. Dinu; Potenţialul turistic al 

României/ Romania's tourist potential (2006) by M. Cândea and T. Şimon; 

Geografia turismului/Geography of tourism (2007) by N. Ciangă; Geografia 
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turismului/Geography of tourism (2009) by P. Cocean & Șt. Dezsi; România - 

Potenţial turistic/Romania - Tourist potential (2009) by M. Ielenicz & L. 

Comănescu; Patrimoniul turistic al României/Romania's tourist heritage (2010) by 

P. Cocean; Geografia turismului/Geography of tourism (2011) by A. Nedelcu; 

Geografia şi economia turismului/Geography and economy of tourism (2012) by N 

Neacşu, V. Glăvan, P Baron, M Neacşu; Geografia Turismului. Metode de analiza 

in turism/Geography of tourism. Analysis methods in tourism (2014) by A. 

Gheorghilaş. 

A general overview of the Tourism Geography was assessed in the volume 

Civilizaţie românească. Istoria geoştiinţelor în România - Ştiinţele 

Geografice/Romanian civilization. History of geosciences in Romania - 

Geographical Sciences (2018) by P. Şerban, having in view the Romanian literature 

in this field (e.g. main books/volume/papers). 

2. General aspects of cultural tourism. The variety of studies/analysis carried 

out for the Romanian territory can be grouped based on the main research directions, 

from topics/issues addressed to particular applications to regional approaches 

focused on specific geographic areas or historic/cultural events. 

According to Ielenicz M. and Dincă A.I., The evolution of Romanian tourism 

– a geographical perspective, 2013, the germs of cultural tourism in Romania appear 

in the second half of the 19th till the first half of 20th century. It is during this period 

when impressive buildings and monuments mixing traditional architectonic motives 

(Romanian, German, Hungarian) with Central European elements (e.g. baroque, 

rococo, secession) were erected. In addition, the transport ways were developed 

(including the cruises along the Danube from Vienna to Orşova and along the Bega 

Canal), as well as cultural and high-education institutions (e.g. Cluj and Timişoara 

which had universities at the end of the 19th century). 

Other study highlights the development potential of Romanian cultural tourism 

and the steps required to achieve this. They state that the lack of tourism offers is 

explained by the weak promotion of the market, despite its notable potential. The 

solution to Romania’s firm establishment on the world market of cultural tourism 

will be the efforts and collaboration of important stakeholders and of the cultural 

institutions [3].  

At institutional level, the National Institute for Research and Development in 

Tourism (INCDT) (www.incdt.ro) has as main objective consultancy in the field of 

tourism and carrying out fundamental and applicative researches related to the 

development and promotion of the Romanian tourism. INCDT involved itself in the 

planning process and development of strategies for tourism development, on 

particular types of tourism or territorial regions. The National Institute of Heritage 

(NIP) elaborates and updates the National Register of Historical Monuments and 

develops different studies and projects related to cultural routes, memorial routes, 

cycle of cultural projects "Romanian restorers" (www.inp.ro), etc. The NIP is a 

national-level public institution in the field of heritage, acting under the Romanian 

Ministry of Culture and National Identity and being responsible for the national 

public policies in the field of cultural heritage protection. In the same time NIP edit 

http://www.incdt.ro/
http://www.inp.ro/
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some journal in the field of heritage such as Intangible Heritage and Traditional 

Culture, Journal of Historical Monuments, Chronicle of archaeological research. 

The strategies and policies for tourism development in general and cultural 

tourism in particular are developed at the national, regional and local level. At the 

national level some strategies were elaborated under the aegis of Ministry of 

Economy, Energy and the Business Environment, Ministry of Culture, Ministry for 

Public Works, Development and Administration - Master Plan for the Development 

of National Tourism 2007-2026, Strategy for the Sustainable Tourism Development 

of the Romanian Carpathians, The national strategy for the development of 

ecotourism in Romania - context, vision and objectives - 2016-2020, Strategy for 

Culture and National Heritage 2016-2020, Work plan in the field of culture for the 

2019-2022 period, The European Union Strategy for the Danube Region (SUERD), 

Romania's Territorial Development Strategy (RTDS). Polycentric Romania 2035: 

Territorial. Cohesion and Competitiveness, Development and Equal Opportunities 

for people 2035, The Spatial Planning of the National Territory. At the regional 

level (development Regions) the issues of cultural tourism are included into 

Regional Master Plans, Strategies for Tourism Development and Promotion, 

Regional Development Plans, etc. At local level the aspects of cultural tourism are 

found in Local Development Strategies.  

i) Main topics/issues addressed.   
Cultural tourism and sustainable development. Cultural tourism has an 

important role in the development and modernization of the economy and society, 

but also the potential to become sustainable by respecting the natural and cultural 

values, to develop and revitalize historic areas [2], to districts, zones, localities or 

towns [12]. This is to be made through the (re)introduction into the economic circuit 

of some low investment heritage sites to generate income and attract the available 

local workforce in order to contribute to the economy, culture and wellbeing.  

In the paper Romanian Rural Tourism Development: A case study – rural 

tourism in Maramures (2007), A. Negruşa, S. Cosma and M. Bota speak about the 

propensity of the image of Romanian tourism to identify itself with cultural, 

ecological and rural tourism in the international market. The authors also state that 

authentic cultural experiences, local traditions and lifestyles will be the main 

elements the visitors will discover and that should be also further promoted into the 

European market. As a result, a higher number of visitors choose cultural activities 

as their main reason for travelling in terms of exploring different ways of living and 

getting new information on various cultural attractions [2]. 

The role of tourism in fostering the interconnection and development of 

societies and the formation of interdependent economic, social and cultural 

relationships was also highlighted when referring to the post-communist evolution 

of tourism in Romania as well as its possible development directions [13]. 

Cultural tourism and regional development. Tourism has the capacity to offer 

resources and solutions to the regional development mainly through intra-regional 

competitiveness and cohesion. Some authors focused on the promotion of culture 

and heritage of cross-border area (Hungary, Slovakia, Romania and Ukraine) by 

analysing the most important obstacles and needs and proposing a cooperation 
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framework based on knowledge, education and dissemination of information [14]. 

Others correlate policy measures with those supporting the creation of a competitive 

specialisation, infrastructure, sustainability, institutional capacity building, 

financial management and control in order to sustain this idea [1], [15]. Other paper 

had in view the valorization of cultural heritage and how to increase 

competitiveness in the context of regional economic development [16]. 

Cultural tourism and rural areas is an acknowledged relationship, the base for 

rural tourism which enables the return to nature and traditions. They provide 

opportunities for development of rural areas though valuing landscapes, semi-

natural areas, and the native hospitality of the inhabitants while preserving the 

traditions, culture and gastronomy [17].  

ii) Regional approaches focusing on specific geographic areas or 

historic/cultural events. Romania has several tourism micro-destinations 

(Maramureş, Bucovina, Moldavia, Transylvania, Banat-Crişana, Dobrogea, 

Muntenia, Oltenia, Bucharest), which include important tourist attractions and have 

high tourism potential [5]. There is consistent literature focused on these tourism 

micro-destinations developed by a team of researchers - Stăncioiu A.-F., Pârgaru I., 

Teodorescu N., Vlădoi A.-D., Raţiu M.P., Moise D., Puiu C., Pârgaru I., Mazilu M., 

Arsene O. in terms of building their own brand and identifying their main tourist 

attractions and forms of tourism. However, most of studies are focused on 

Maramureş, Bucovina, Transylvania [18], Dobrogea, Oltenia and Bucharest 

regions. 

A cultural treasure among the Romanian regions is Bucovina possesses some 

of the most diverse tourism opportunities in the region. In the book Tourism in 

Bucovina County. The motivation behind by Chasovschi C., Albu O.-M., Danila L., 

2007 Bucovina is considered as one a few places where culture, history and religion 

(Fig. 1a, b) are closely interconnected. The literature is focused on the role of 

institutions in promoting the area through attractive programs and measures [19], 

the traditions and customs and the ways they are used [20]. The impact of the 

financial crisis, forecasting the destination trend and providing give 

recommendations for development the region in a sustainable, rapid and regulated 

manner are approached by Bähre H., Fergen U., Chasovschi C., in the paper 

Bucovina as a tourist destination and the impact of the recent international 

financial crisis. Recommendations for a modern destination management approach 

in international destination marketing
, 2013

.  

The Maramureş Region is one of Romania’s key areas in terms of cultural 

tourism and abundance in terms of monuments, traditions and festivals, best known 

for the unique tourism objectives. It is also the region where pilot projects for 

sustainable rural cultural tourism started. Catrina S., in the paper Branding an 

authentic rural Maramureş in tourism practices: Interplay of hospitality, heritage 

and social memory (2016) is focusing on cultural tourism in the region generally 

refer to the main cultural attractions such as the Merry Cemetery in Săpânţa (Fig. 

1c) or the wooden churches (UNESCO World Heritage Sites) in their attempt to 

shape an "authentic" rural Maramureş (Fig. 1d). The issues approached refer to the 
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examination of the prospects for sustainable rural cultural tourism in relation to both 

its potential and its restrictive factors [21].  

Transylvania supports the development of cultural tourism and region’s 

branding though its authentic and colourful historical potential. The scientific 

literature investigates the way both native and foreign visitors perceive, appreciate 

and intend to consume the cultural tourism offer focusing on Cluj-Napoca and Sibiu 

towns in their attempt to answer several questions i.e. Is Transylvania’s cultural 

heritage attractive to tourists? Do foreigners travel to Romania for cultural 

purposes? Are the Romanians still interested in cultural activities? [22], [23]. Other 

subjects are related to the fortified churches of Transylvania (Fig. 2 a), Bran Castle 

(Fig. 2 b) and how well are they known and preserved or how Romania is 

responding to Dracula as a tourist attraction and focuses in paper by Tănăsescu A., 

2006, Tourism, Nationalism and Post-Communist Romania: The Life and Death of 

Dracula Park on the debate surrounding the proposed development of Dracula 

Park. Also, an important site is the semicircular sanctuary of Sarmizegetusa, the 

capital of the Dacians (Fig. 2 c). 

 
Figure 1. Bucovina: Sucevița Monastery (a) and Putna Monastery (b); 

Maramureș: Merry Cemetery (c) and Joseni Wooden Church (d) 

 
Figure 2. Transylvania: Viscri Fortified Church (a), Bran Castle (b) (photo: M. 

Micu) and the semicircular sanctuary of Sarmizegetusa (photo: Fl. Andreescu) (c) 

Dobrogea, known for its rich natural and cultural heritage, is also known for 

the Danube Delta, the largest protected wetland in Europe, also a UNESCO heritage 

site. In addition to the natural landscape offered by the Black Sea and the Danube 

Delta, there are many tourist attractions, such as: the ruins of the Greek colonies, 

the famous Casino of Constanța, museums, monasteries (Fig. 3). The main subjects 

debated are focusing on defining the traditional village models to enhance their 

touristic value [24], on analyzing the influence of cultural diversity and local 

traditions on the sustainable tourism development [25], [26], [27]. Teodorescu C. et 

a b c d
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al. (2012) analysed the role of cultural heritage tourism as viable alternative for 

local economy. Ditu Furtuna C. and Mahika E.-C., 2012 reveal the way to promote 

Dobrogea as part of the "Silk Road" destination which can be valuable for the 

UNESCO program and also for the local economy.  

 
Figure 3. Dobrogea: Museum of National History and Archeology, Constanța (a); 

Celic Dere Monastery (b), ruins of the Greek colony Histria (c); Casino of 

Constanța (d) 

Oltenia benefits from an attractive potential for tourism development such as 

cities, spa resorts, the sculptural ensemble of Constantin Brâncuşi, monasteries (Fig. 

4) and gastronomy. Studies carried out so far are aimed at identifying  products and 

services that make tourism a brand able to capture the attention of potential 

investors and tourists, strategies for tourism development, highlighting the most  

important characteristics of the tourism demand and the development of tourism 

product in order to address all the tourist requirements [28]  and of those specific 

elements which can “collaborate” on developing a structured tourism product, 

which can be offered to as many market segments as possible [29]. 

 
Figure 4. Oltenia: Tismana Monastery (a); Brâncuși’s Endless Column (b); 

Bucharest (foto: Fl. Andreescu): Romanian Athenaeum (c); Palace of 

Parliament/People House (d) 

Bucharest, the capital of Romania, is one of the main touristic destinations by 

cultural attractions such as Palace of Parliament/People House, Romanian 

Athenaeum, museums (e.g. "Dimitrie Gusti" National Village Museum, The 

National Museum of Art of Romania), religious and archaeological sites. The main 

research questions addressed were aimed to identify the major form of tourism 

before and after the 90’s, to highlight the tourism potential of the city, to identify 

some key tourist attractions that may contribute to the (artistic and psychological) 

image of the tourism destination. 

3. Studies having in view specific elements directly involved in the tourism 

activities. These studies are generally related to cultural attractions such as 

museums, orchestra performances, restaurants, hotels, internet for marketing using 

apps, social media, websites (e.g. booking.com, TripAdvisor, Facebook, Instagram) 

and travel blogs.  To these are added traditional crafts (e.g. eggs embroidering, 

a b c d
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wood processing, pottery), religious rituals (e.g. Easter, Christmas), popular art or 

folklore events both of the Romanian or ethnic minorities (e.g. related to 

transhumance, wine, gastronomy) (Fig. 5). 

The results of an analysis concerning the relationship that can be established 

between the ways public HORECA facilities contribute to the development of 

Romania’s tourist industry were analyzed. These are the restaurants which offer 

local, regional, or national gastronomy, but also wine-cellars. Romanian food-

industry can be an excellent vehicle of tourism promotion because it is associated 

with an authentic, healthy and bio gastronomic product. A local, regional or national 

food offer can easily become a special product of Romania’s cultural tourism offer 

[30]. 

Continuous improvement of performance in cultural tourism refers to an 

integrated approach of specific elements, online marketing becoming more present 

in everyday practice of small entrepreneurs in local tourism. A very important 

aspect developed in Stanciu P., Promoting Bucovina as a rural destination via 

facebook. An empirical identification of supporting online marketing initiatives, 

2016 is promoting the cultural tourism via Facebook and YouTube which represents 

an easy initiative accessible to the general public. Also the hotels’ role in promoting 

local cultural assets as intercultural aspects of tourism development was asses in the 

paper, The Hotels’ Role in promoting local cultural assets – a case study of Cluj-

Napoca hotels by Negrusa A, Cosma, S. and Pop C., 2007.  

 
Figure 5. Transylvania: "High Up on the Jina Mountain" Folk Festival related to 

shepherding and transhumance (a); Muntenia: Lacerta Winery (b); Bucovina: 

Embroidered Eggs at Ciocănești Ethnographic Museum (c); Oltenia: Maldar's 

Mansion, an old cula (a fortified house particular to the Balkan area) turned into 

a hotel (d) 

Within this context, Romanian cultural tourism is significantly contributing to 

the Europeanisation process through, at least, three main components: the 

intercultural understanding of the specific (local) types of cultural heritage, local 

peoples' identities and values, traditions and customs; cultural interlinking and 

contribution to the shared cultural heritage (e.g. integrating the local "Wine Roads" 

into the European "Iter Vitis Route") and the emergence of "creative tourism" by 

mixing traditional crafts (local values) with modern/contemporary art (European 

values). 

CONCLUSIONS 

The issue of cultural tourism in Romania is addressed in various 

works/researches carried out in the field of geography, economy and marketing, 

sociology, planning etc. These studies addressed several aspects dealing with: ● 

a b c d
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theoretical approaches on cultural tourism: the definitions and specific features of 

cultural tourism, the importance and also the role of the destination image in 

developing the main directions of actions; ● general aspects of cultural tourism 

highlighting the development potential of Romanian cultural tourism and the steps 

required to achieve it; cultural tourism and sustainable development and the role in 

the development and modernization of the economy and society, tourism being one 

of the factors in fostering the interconnection and development of the society; 

cultural tourism and regional development, tourism having the capacity to offer 

resources and solutions to the regional development; cultural tourism as opportunity 

for development of rural areas; ● regional approaches mainly focusing on specific 

geographic areas (e.g. Maramureş, Bucovina, Transylvania, Banat and Crişana,  

Dobrogea, Oltenia, Bucharest) or historic/cultural events, highlighting the traditions 

and customs, cultural tourism as viable alternative for local economy, the 

development of tourism products etc.  

Apart from the time the scientific approaches, the strategies and policies for 

developing tourism in general and cultural tourism, in particular, were also taking 

into consideration; e.g. documents elaborated in the framework of Ministry of 

Economy, Energy and the Business Environment, Ministry of Culture, Ministry for 

Public Works, Development and Administration. There are two research institutes, 

The National Institute for Research and Development in Tourism and the National 

Institute of Heritage which has as main objective of activity to develop different 

studies and project related to cultural tourism, cultural routes, national heritage etc. 
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ABSTRACT 

There are close relationships between the cultural structures of societies and 

residential areas. The place where the society chooses to live and the ways it is 

organized is an expression of the cultural structure. Traditional houses are accepted 

as the most obvious indicator of this situation. One of the ways of preserving 

cultural sustainability today is to read the design principles of these houses 

correctly. Culture is about what kind of environment people live in and how they 

live. Human behaviors are based on cultural references. Religion, view of life and 

perceptions of the environment are both dialectically shaped culture and shaped by 

culture. Culture is about where and how human meets his needs throughout his life. 

It can be said that culture is one of the basic factors that direct human behavior and 

life. Therefore, the cultural embedding of sustainability thought is important in 

shaping the world in which future generations will live. Regarding various cultures 

in the literature; the structure of the society, their way of life and how they shape 

their places of residence, etc. there are many studies. The riches that each culture 

possesses are considered to be indisputable. These important studies are mostly 

based on an in-depth analysis of that culture, concentrating on a single specific 

culture. In this study, it is aimed to make a more holistic analysis by examining 

more than one culture. Thanks to this holistic perspective, it is thought that it will 

be possible to make inferences that can be considered as common to all societies. 

This study, which especially focuses on Asian and African societies, is the tendency 

of these societies to maintain their cultural structure compared to other societies. 

The reflections of cultural practices on residential spaces are examined through 

various examples. The dialectical structure of Berber houses, integration of Chinese 

houses with natural environmental references, Toroja houses associated with the 

genealogy in Indonesia, etc. examples will be examined in the context of cultural 

sustainability in this study. With this holistic approach, where the basic philosophy 

of cultural sustainability can be obtained, important references can be obtained in 

the design of today's residences. This paper was produced from an incomplete PhD 

dissertation named Evaluation of Cultural Sustainability in the Application of 

House Design at Yildiz Technical University, Social Sciences Institution, Art and 

Design Program. 

Keywords: cultural sustainability, house, culture, place 
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INTRODUCTION 

The most obvious difference between human systems and the natural 

ecosystem is the presence of symbols that include language in human systems as 

well as the time and space that direct both systems [1]. While time and space are 

the main factors in the formation of all systems, the production and use of symbols 

are unique to human. Since culture is a phenomenon that has accumulated over 

centuries; It has a close relationship and continuity with history. A house meets 

many needs; the place of self-expression, the memory container, the shelter against 

the outside world, a cocoon where we feel full and leave our shield [2]. 

THE CONCEPT OF CULTURAL SUSTAINABILITY 

Culture can be described as something that covers the whole of human life. 

People always experience and live it. Behaviours both are formed by the culture and 

form the culture [3]. The most obvious difference between human systems and the 

natural ecosystem is the presence of symbols that include language in human 

systems as well as the time and space that direct both systems [1]. While time and 

space are the main factors in the formation of all systems, the production and use of 

symbols are unique to human. Since culture is a phenomenon that has accumulated 

over centuries; It has a close relationship and continuity with history. Throsby [4] 

separates the concept of sustainability into natural capital and cultural capital. 

According to him, natural capital forms the basis of sustainable development, but 

cultural capital forms the basis of the equality that must be achieved between future 

and current generations. Cultural features are generally used in spatial design to 

create architectural product identity on the global stage, which more often ends up 

as kitsch [5]. 

EVALUATION 

In this paper the reflections of cultural practices on residential spaces are 

examined through various examples. These examples are almost completely 

destroyed or changed by virtue of social and technological changes. However, we 

can collect the data from a large number of academic researches about cultural 

studies. In the literature there are many studies on cultural issues both conceptual 

and applied. 

Bourdieu [6] in his study of Berber houses emphasizes that there are contrasts 

in the design principles of these houses. Water-fire, cooked-raw, high-low, light-

shadow, day-night, male-female, culture-nature. The house consists of two parts 

(Figure 1.). The large part is for people and the small part is for animals. The wall 

with the double-door entrance is called the dark wall. Opposite the wall that divides 

the house into two parts, there is a wall with a fire and various kitchen items. Man 

sleeps on low bench leaning against dark wall [7]. In the space above the section 

for animals, women and children sleep. Spouses do not sleep together, but women 

get up at night during fertility periods and meet with their spouse in the dark. 
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Figure 1. Berber House[7] 

In his study, Zhang [8] examines the evolution of Chinese Traditional 

Courtyard Houses from past to present in a historical process. Important concepts 

of Chinese philosophy in terms of form and function of these houses; 

• Harmony with the Sky: form and environmental quality of the house 

(facade, entrance, windows, courtyard, gardens and roof) 

• Harmony with the Place: space and building quality (indoor, floor 

height, furniture, materials, technological facilities, car park, 

management) 

• Harmony with Human: social adaptation issues (education, 

profession, home purchasing power, neighbourhood, visual 

interaction in indoor-outdoor) 

• Harmony with Self: time and cultural activities (philosophy, religion, 

cultural activities in the home / courtyard, indoor / outdoor cultural 

celebrations, birthday, marriage, anniversary) 

At the same time, these concepts are directly related to the Confucian and 

Taoist teachings that govern traditional life (Figure 2). Zhang [9] conducted a field 

study in Beijing and Suzhou, two regions where both these newly renovated and 

newly built residences are located, and made studies on architectural and spatial 

design dimensions on this very important cultural heritage of China. In the Yin-

Yang philosophy of Chinese culture, Yin symbolizes the world, while Yang 

symbolizes heaven. In order to create Feng Shui houses should sit north to the south, 

that is, to carry Yin at back, to embrace Yang in front or in other words, there should 

be a stream in front of the house and hills behind the house. 
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Figure 2. Chinese Traditional Courtyard House[8] 

In his study Beynon [10] explores how the relationship between architecture 

and culture is defined through examples of Southeast Asia. He begins to investigate 

whether architecture, which is a field where cultural symbolism (cultural flow in 

the modern sense) is embodied, can be preserved whether the traditional role of 

architecture in a contemporary environment can be preserved. It examines the 

versatile and complex relationships between contemporary architecture, culture and 

identity in the Southeast Asian region. Beynon [10] conducted studies in three 

different fields within the scope of the research. In this study, which includes a 

village with new buildings in traditional and local culture, there are also two cities 

that can be defined more locally and globally. In the examinations he made in the 

villages of Toraja region in Indonesia, the researcher; He states that there are some 

local cultural influences besides the increasing effectiveness of Christianity. In the 
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teaching of the traditional animist belief Aluk to Dolo (the path of the ancestors), 

buffalo fights, victims, mummification and burial rituals are also culturally 

important [10]. On the other hand, in the Traditional Torajan Structures called banua 

Toraja with their remarkable structures, there are houses left from the ancestors, 

also called Tongkonan or origin houses. These houses are indispensable not only 

for the family to meet and live, but also for the ritual relationships of the society. It 

also has an architecturally original appearance with its interesting saddle-backed 

roofs. There are different rumors about the origin of this roof form. This form is 

associated with both the buffalo horn and the boat. Tongkonan is a living entity for 

society with this culture (Figure 3). It is not only a place where ancestors reside, but 

actually ancestors themselves. They are even described as mother-tongkonan or 

daughter-tongkonan, like some kind of family tree. Many new Toraja houses are 

built in a classic lowland style with high ground and hipped roof, while others use 

this local typology by interpreting it. The most common are double-decker houses. 

 

Figure 3. Tongkonan in Indonesia[10] 

Hanan [11] investigated Traditional Batak Toba houses, which are better 

preserved than other regions on the island of Samosir in Indonesia. In this study, it 

is aimed to reveal the sociocultural and economic factors that ensure the 

sustainability of the houses. Even some parts that are not structurally essential have 

a decorative cultural role. The house, raised on wooden poles and lintels, has 

wooden walls and a hipped roof. The interior is dark, cramped and smoky. It is used 

for working, cooking and sleeping. All household activities take place in the 

common room whereas the cooking stove symbolizes the existence of the 

inhabitants. Most of the day is spent outside. The exterior of the house is decorated 

with paint or wood carving. Original Batak Toba houses consist of only one 

common room, no walls or separators [11]. The insufficiency of the single common 

rooms in the original houses and the changing living conditions required the 

addition of these houses. In the house shown in Figure 4, a new house was added to 

the original building in front with a bridge from the back. This new supplement, 
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which draws attention to the original dwelling, contains the necessary spaces for 

private life and contributes to cultural sustainability. 

 

Figure 4. Traditional Batak Toba Houses[11] 

Ismail [12] examined the Traditional Bugis Houses in Malaysia in his works. 

The origin of the people of Bugis is based on Indonesia, but for various reasons they 

have brought their traditions to Malaysia, where they came through migration. 

Primitive religious traditions have Buddhist and Hindu beliefs. The plan of the 

Bugis house is a rectangular form consisting of 2-8 parts called lontang. The 

simplest plan is 2 sections; central area (ri tegnga) and rear kitchen area (ri laleng). 

There is no separator in the original Bugis house plan; It is an open interior where 

all functions, including sleeping, preparing food, are performed in the same place. 

In addition, the houses of those who are superior in terms of social status can be in 

8 sections [12]. However, in this case, it emerged with the additions made later. For 

example, in the plan, a space (ri saliveng) and a veranda (lego-lego) were added to 

the front part. Before the guests coming to the house are invited to the front floor, 

they are kept on the veranda, which is reached by stairs and located lower than the 

house (Figure 5). The door to the house is lower than the others, and the guests 

entering the house are allowed to bend slightly due to the respect for the owners of 

the house. 



Section GREEN DESIGN AND SUSTAINABLE ARCHITECTURE 

313 

 

Figure 5. Bugis House[12] 

The concept and form of the traditional Turkish house existed in accordance 

with a number of factors. Like economic conditions, regional features, physical 

influences, lifestyle etc. It is accepted that the Turkish house is rooted from nomadic 

tents. When nomads had started to dwell, they carried their habits and lifestyles to 

their dwellings. Turkish House planning is based on two main space. First is the 

rooms and second is sofa. Sofa is a kind of intermediate and semi-private place 

between rooms. In the house each parent has their own room which is designed to 

meet all daily needs. All the rooms open to this intermediate and common space. 

Sofa is for the whole family, while rooms are for the nuclear families. If it is 

compared of life a tent and a house, both share similarities in the arrangement of 

living units and the common area (Table 1).  

Table 1. The comparison of the structure and use of tent and Traditional Turkish 

House based on Küçükerman [13]. 

Tent House 
Comparison 

  

Comparison of 

life in a group of 

tents and rooms 

in house. There 

can be seen 

similarities 

between room 

units of house 

and tents with 

common area.  

a. common area, 

b. living units. 

a 

b b 

b 

a b b 

b 
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Comparison of 

the general 

arrangement and 

use of the tent 

and the room.  

1. Multi-purpose 

central area; 

eating, sleeping 

etc. 

2. Periphery used 

for seating 

3. Closed utility 

areas; cupboards, 

chests, bedding. 

4. Heating. The 

central heath in 

the tent is moved 

to a side wall in 

the room. 

 

The relationship between the individual tent and common area is the same as 

that between the rooms and the sofa. Moreover, there are also similarities between 

the use of the individual tent and the room, as it can be seen in Table 1. Multi-

purpose central area, periphery used for sitting, closed utility areas that transform 

chests inward tent to cupboards in room. And of course the hearth of the tent and 

room is the same which is fire. 

CONCLUSION  

House is a place that has close relationships with culture. The expression of 

any cultural structure is the place where people choose to live and also the ways it 

is organized. It is known that traditional houses are the most obvious indicator when 

it comes to place of culture. What kind of environment people live in and how they 

live are both related with culture directly? In this paper we can see that house can 

be a dualistic structure that symbolizes basically man and woman as Berber House. 

And another point of view a house should negotiated with natural references like 

Chinese example. On the other hand, each of the Indonesian ethnic groups has a 

unique form of housing. It is the centre of the social and religious life of those living 

in houses. Tongkonan is regarded as not only a house from ancestors but also an 

ancestor itself. Due to cultural structure of living styles, Batak Toba house has only 

one room, no wall or separations inside. Bugis house in Malaysia also has no 

separations interior. The door of main entrance is lower than others in order to make 

the guests bending. Finally, it can be said about Turkish house that the house of a 

culture can show old habits and lifestyles. 

As a result of this paper it can be said that if we take a glance at different culture 

of house type, we can see different kind of philosophy. The house can be related 

different things around us. Not only concrete things but also abstract. And this can 

be identified with culture itself. People of today is in need of feeling wholeness. 
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Feeling of wholeness might be created via house design that inspired by cultural 

codes. 
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ABSTRACT 

A new geophysical prospecting technique developed by the author was 

effectively applied for these purposes in 1994–2005 within the architectural 

complex of the Kazan Kremlin, a UNESCO World Heritage Site. 

The author has developed and successfully employed a unique gravity 

monitoring technique consisting in independent measurements at set points and at 

certain time intervals in the architectural complex of the Kazan Kremlin. 

The results of the geophysical monitoring and geodetic surveys conducted in 

open areas and inside architectural monuments offer new opportunities in 

preserving ancient buildings. Because geophysical monitoring can identify the 

negative impact of active geological processes on foundations of buildings, 

mitigation measures can be taken in timely manner. However, because the Kazan 

Kremlin is a state historical and architectural museum reserve, another objective is 

to maintain its exterior and renovate its green design. 

The above technology can also be used to analyze the technical condition of 

high-rise buildings, industrial facilities, underground railway systems and other 

structures, and significantly prolong their operating life. 

Keywords: geophysical prospecting, gravity monitoring, architectural 

monuments 

INTRODUCTION 

Historical areas in modern towns are extremely intricate objects. They are 

studied to preserve their architectural monuments, which are often parts of large 

architectural complexes. Such projects inevitably require monitoring of active 

geological processes and their impact on buildings [2], [3], [4], [5]. 

A new geophysical prospecting technique developed by the author was 

effectively applied for these purposes in 1994–2005 within the architectural 

complex of the Kazan Kremlin, a UNESCO World Heritage Site. 

Water leakage from underground pipelines and large-volume excavations in 

surface building projects unbalance steady geological environments. This changes 

groundwater flow directions, enhances karst, suffosion and soil-slip processes, and 

creates weakened rock zones and sinks. As a result, the negative impact of 

geological processes on buildings increases and may lead to their deformation and 

destruction [8]. During archaeological excavations, restoration of buildings and 
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roadway replacement, thousands of tonnes of soil are removed from the near-

surface layer with subsequent terrain changes. For this reason, mitigation works on 

the Kremlin hill outside of the fortress wall and within the architectural complex of 

the Kremlin include their mandated reinforcement and greenscaping. 

METHODS AND RESULTS 

In the constraint and noisy environments of modern cities, conventional 

geophysical prospecting methods are ineffective. Single gravity measurements 

require taking into consideration the effects of terrain and buildings, which is 

practically impossible. 

The author has developed and successfully employed a unique gravity 

monitoring technique consisting in independent measurements at set points and at 

certain time intervals in the architectural complex of the Kazan Kremlin. 

Because the effects of terrain and buildings are constant in repeated 

measurements, they do not have to be taken into consideration, while the detected 

local anomalous changes in physical fields caused by active geological processes 

can be effectively identified. These processes are tectonic movements and 

hydrogeological changes caused by groundwater flow. Ultimately, gravity changes 

detected on the Earth's surface and inside buildings can be used to identify 

detrimental effects of groundwater on buildings, and monitor and analyze surface 

movements, while enhancing the reliability of survey results [6], [7], [11]. 

The Kremlin hill has a relatively flat top with steep eastward, southward and 

westward slopes. The Kazanka River is north of the hill, and they are separated by 

a rock-fill dam with a traffic road. The slopes of the Kremlin hill are pronounced 

both inside and outside of the fortress wall. The absolute terrain elevation is 85 m 

at the top of the hill and 56–59 m at its foot (Fig. 1). 
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Fig. 1. Three-dimensional model of the Kremlin hill 

The northern, western and eastern slopes contain a hidden irrigation system, 

are covered with grass turf and form the green design of the Kazan Kremlin. 

Initially, the author's team conducted high-precision gravity monitoring in the 

northern areas of the Kremlin hill including the Suyumbeki Tower, the former 

Governor's Palace (now the Presidential Residence), the Tainitskaya and North-

Eastern towers, and the fortress wall surrounded by the grass-turf slopes of the hill 

from three sides. 

These measurements were made in spring and autumn, and their results were 

used to generate two Bouguer anomaly maps. The gravity differences were used to 

map the non-tidal gravity field (Fig. 2). These gravity measurements showed how 

the gravity field varied across the Kremlin hill. The central part of the survey area 

(Fig. 2) contained a local positive anomaly of more than 10 µGal caused by the 

natural accumulation of water and itsflow towards the northern slope of the Kremlin 

hill and into the underlying deposits, confirmed by subsequent gravity 

measurements between the spring of 1995 and the summer of 1996 (Fig. 3). 
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Profiles:   

Fig. 2. Non-tidal changes of gravity on the territory of the Suumbeki Tower and 

Governor Palace, spring–fall 1995. 

1 – gravimetric observation points; 2 – wells; 3 – wells drilled in 1999; 4 – 

sewerage; 5 – water supply pipeline 

 

Fig. 3. Non-tidal changes of gravity on the territory of the Suumbeki Tower and 

Governor Palace, spring 1995–summer 1996: 

1 – gravimetric observation points; 2 – wells; 3 – sewerage; 4 – water supply 

pipelines 
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The effect of recent tectonic movements on the architectural monuments of the 

Kazan Kremlin was studied by high-precision gravimetric and geodetic surveys 

outside of the fortress wall over three years, from 2000 to 2002. Stationary pads for 

gravity measurements and bench marks for the geodetic survey were set in advance. 

Gravity measurements at these pads and bench marks, as well as the determination 

of their altitudes and coordinates, were performed in separate cycles. 

The obtained gravity data were used to map the gravity field and analyse its 

increasein the north-western direction from the Spasskaya tower to the Tainitskaya 

tower, where a relative gravity increase was estimated at 17 µGal. According to 

repeated measurements of 2000 2002, a maximum local gravity decrease of 0.08 

mGal/yr was detected at the Tainitskaya tower. 

Repeated geodetic measurements detected terrain changes in the north-western 

direction from the Spasskaya tower to the Tainitskaya tower, with an abrupt 

subsidence at its base of 11 mm/yr. Since the foundation of the town of Kazan about 

one thousand years ago, the north-western slope of the Kremlin hill and the 

Tainitskaya and North-Eastern towers have subsided by about 10 m (Figs. 4 and 5) 

[1], [9]. 

 

Fig. 4. Tainitskaya Tower of the Kazan Kremlin (2004) 
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Fig. 5. Northeastern Tower of the Kazan Kremlin, 2006 

Such fast subsidence of the northern slope of the hill is indirectly evidenced by 

pictures, etchings and other graphics showing Kazan of the 16th–18th centuries 

with all buildings of the Kremlin being at the top of the hill [6], [7], [10]. 

CONCLUSION 

Thus, this geophysical monitoring method developed by the author is the first 

technique ever to study the technical condition of buildings in urban areas. 

The results of the geophysical monitoring and geodetic surveys conducted in 

open areas and inside architectural monuments offer new opportunities in 

preserving ancient buildings. Because geophysical monitoring can identify the 

negative impact of active geological processes on foundations of buildings, 

mitigation measures can be taken in timely manner. However, because the Kazan 

Kremlin is a state historical and architectural museum reserve, another objective is 

to maintain its exterior and renovate its green design. 

The above technology can also be used to analyse the technical condition of 

high-rise buildings, industrial facilities, underground railway systems and other 

structures, and significantly prolong their operating life. 
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ABSTRACT 

Sustainability is defined as it meets the needs of present without compromising 

the ability of future generation’s needs. Today the topic of sustainability has the 

urgent importance. Especially buildings consume large amount of energy and 

resources. Construction sector has great impact on environment. During 

construction process, occupancy, renovations and/or restorations and demolition, 

buildings consume energy, water and sources. They are also generating waste and 

emit harmful atmospheric emissions. Since 1990’s countries had issued a series 

green building assessment scheme. Leadership in Energy and Environmental 

Design (LEED) developed by United States of America, Building Research 

Establishment’s Assessment Method (BREEAM) developed by United Kingdom 

and German Sustainable Building Council (DGNB) developed by Germany are the 

most commonly used. There is now a proliferation of standards, rating and 

certification systems to assistance in order to deliver sustainable building in the 

marketplace. It is estimated that there are nearly 600 green certifications around the 

world. Green building rating programs vary in their approach with some outlining 

prerequisites and optional credits. Turkey and Bulgaria have some historical 

partnerships. So it can be useful to compare current situation of two countries in 

terms of green building certification. The comparison includes certification systems 

used in two countries. Bulgaria mainly depends on DGNB which is originally 

German evaluation system. Besides this some projects took LEED and BREEAM, 

as in Turkey. But the important difference in two countries is that Turkey has been 

developing its local system that is called Turkish Green Building Council (BEST). 

Thus in this paper the comparison mainly depends on BEST and DGNB. And also 

the certified projects in two countries are compared quantitatively. The benchmarks 

of two systems are compared in terms of similarities and differences. The 

characteristics of either standard system were summarized and some suggestions 

for improving Turkey’s evaluation standard for green building were proposed. 

Keywords: green building, sustainable design, sustainability, certification, 

standard  

INTRODUCTION 

Sustainable development contains a balance between the three dimensions of 

sustainability: Sociocultural, environmental and economic. This stems from the 

most frequent use of the term sustainability, which origins from the publication 

“Our Common Future” in 1987 by the Brundtland Commission [1]. In the past, 
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certain sustainability indicators for architecture have been proposed [2]. Some 

design methods, such as the biomimicry, were considered as a sustainable approach 

to the architectural design. Another approach that closely related with users’ living 

quality is circular criteria of building design. Circular building (verb) is the dynamic 

total of associated processes, materials and stakeholders that accommodate circular 

flows of building materials and products at optimal rates and utilities [3]. Green 

building assessment systems are becoming increasingly popular worldwide. The 

number of different certifications has increased rapidly over the last two decades. 

The need for certification systems is accepted since the Brundtland Report [4]. 

There are number of comparison studies about certification systems. Green building 

certifications differ especially within social sustainability topics [5].  

THE BULGARIAN GREEN BUILDING COUNCIL (BGBC) AND 

DGNB 

BGBC is a non-profit organization with a mission to transform the built 

environment by changing the way buildings and communities are designed, built 

and operated. It serves as a central knowledge sharing platform for the construction 

and development market in Bulgaria. The organization offers comprehensive 

expertise in sustainable construction and the urban planning sector and is 

responsible for the implementation of internationally recognized certification 

systems for buildings and urban districts, and offering professional accreditation 

trainings for green building consultants and auditors [6]. 

DGNB system provides an objective description and assessment of the 

sustainability of buildings and urban districts. It is founded as a German 

Certification in 2007. This system also assertive to be the first to give equal 

weighting among ecology, economy and social aspects [5]. In that sense, DGNB is 

more of a total value sustainability assessment than the predominant environmental 

sustainability assessments of BREEAM and LEED. DGNB gives the DGNB 

certificate in bronze, silver, gold and platinum. In addition, there is the option of 

simple pre-certification in the planning phase.  

DGNB System partners offer a system which is completely adapted to local 

conditions, local language and legal requirements. The DGNB System partners 

operate independently and carry out the conformity check locally. This partnerships 

are currently in place in Bulgaria, Denmark, Austria, Switzerland and Thailand [7]. 

The DGNB System does not evaluate individual measures but the overall 

performance of a building based on criteria. If these criteria are fulfilled in an 

outstanding way, the building receives a certificate or pre-certificate in platinum, 

gold, silver or bronze for existing real estate. The DGNB continues to develop its 

certification system and adapts it to national and international standards and 

legislation. 

ENV. Environmental Quality; The six criteria of environmental quality allow 

an assessment to be made with regard to the effects of buildings on the global and 

local environment as well as the impact on resources and the generation of waste. 

The criteria are; 1.1. Building life cycle assessment, 1.2. Local environmental 



Section GREEN DESIGN AND SUSTAINABLE ARCHITECTURE 

327 

impact, 1.3. Sustainable resource extraction, 2.2. Potable water demand and waste 

water volume, 2.3. Land use, 2.4. Biodiversity at the site. 

ECO. Economic Quality; The three criteria of economic quality serve to assess 

the long-term economic viability (life cycle costs) and economic development. 1.1. 

Life cycle cost, 2.1. Flexibility and adaptability, 2.2. Commercial viability. 

SOC. Sociocultural and Functional Quality; The eight criteria of sociocultural 

and functional quality help to assess buildings with regard to health, comfort and 

user satisfaction as well as the essential aspects of functionality. 1.1. Thermal 

comfort, 1.2. Indoor air quality, 1.3. Acoustic comfort, 1.4. Visual comfort, 1.5. 

User control, 1.6. Quality of indoor and outdoor spaces, 1.7. Safety and security, 

2.1. Design for all. 

TEC. Technical Quality; The seven criteria of technical quality provide a scale 

for evaluating the technical quality in view of relevant sustainability aspects. 1.2. 

Sound insulation, 1.3. Quality of the building envelope, 1.4. Use and integration of 

building technology, 1.5. Ease of cleaning building components, 1.6. Ease of 

recovery and recycling, 1.7. Emissions control, 3.1. Mobility infrastructure. 

PRO. Process Quality; The nine criteria of process quality aim to increase the 

planning quality and the construction quality assurance. 1.1. Comprehensive project 

brief, 1.4. Sustainability aspects in tender phase, 1.5. Documentation for sustainable 

management, 1.6. Urban planning and design procedure, 2.1. Construction 

site/construction process, 2.2. Quality assurance of the construction, 2.3. Systematic 

commissioning, 2.4. User communication, 2.5. FM-compliant planning. 

SITE. Site Quality; The four criteria of site quality assess the impact of the 

project on its environment and vice versa. 1.1. Local environment, 1.2. Influence 

on the district, 1.3. Transport access, 1.4. Access to amenities. 

THE TURKISH GREEN BUILDING COUNCIL (ÇEDBİK) AND 

BEST 

The Turkish Green Building Council is a non-governmental organization. 

ÇEDBİK aims to contribute to the building industry’s development by means of the 

spread of principles of sustainability, established in 2007. It conducts its activities 

with the belief that buildings and settlements designed and constructed with an 

ecological sensibility allow us to live and work in healthier places and lead healthier 

lives. ÇEDBİK organizes educational programs, develops pilot projects with 

government and universities to increase public awareness about the necessity of 

green building while also encouraging the building industry to develop along with 

principles of sustainability. 

ÇEDBİK has created BEST Residential certification system that is appropriate 

to be implemented to new residential projects in Turkey. Within the scope of BEST-

Residential Certificate, houses are evaluated under 9 headings.  

1. Integrated Green Project Management; Integrated design (precondition), 

1.1. Integrated design, 1.2. Environmentally friendly contractor, 1.3. Construction 

waste management, 1.4. Noise pollution. 
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2. Land Use; 2.1. Land location, 2.2. Disaster risk, 2.3. Relationship between 

density and housing, 2.4. Land reuse, 2.5. Access to urban amenities. 

3. Water Use; Reducing water use (precondition), 3.1. Reducing water use, 3.2. 

Preventing water losses, 3.3. Waste water treatment and evaluation, 3.4. Surface 

water flow. 

4. Energy Use; Control/Start-up/Acceptance process of building energy 

systems (precondition), Energy efficiency (precondition), 4.1. Energy efficiency, 

4.2. Renewable energy use, 4.3. Outdoor lighting, 4.4. Energy efficient white goods, 

4.5. Lifts. 

5. Health and Comfort; 5.1. Thermal comfort, 5.2. Visual comfort, 5.3. Fresh 

air, 5.4. Contamination control, 5.5. Audio comfort 

6. Material and Resource Use; 6.1. Environmentally Friendly Material Use, 

6.2. Using the Existing Building Elements, 6.3. Re-Use of The Material, 6.4. Local 

Material Use, 6.5. Durable Material. 

7. Life in Residence; 7.1. Universal And Inclusive Design, 7.2. Security, 7.3. 

Sports and Resting Areas, 7.4. Art, 7.5. Transportation, 7.6. Parking Area, 7.7. 

Working at Home 

8. Operation and Maintenance; 8.1. Waste Discrimination and User Access, 

8.2. Waste Technology, 8.3. Building Use and Maintenance Manual, 8.4. Follow-

Up of Consumption Values 

9. Innovation; 9.1. Innovation, 9.2. Certified consultant. 

METHODOLOGY 

It can be said that the building certification systems have their individual 

nature. Therefore, it is a kind of challenge to understand the whole content of the 

criterions of certifications. And so it is quite difficult to determine how they are 

different from each other. A common definition of sustainable buildings is therefore 

used to analyse certification systems in order to get a better understanding of the 

certifications in the light of sustainability aspects [8]. Ecologic quality, economic 

quality and sociocultural quality. These are also triple pillars of sustainable 

development.  

Three aspects of sustainability have been defined for the analysis as well as a 

total number of 13 subcategories [9]. Subcategories; 

• Ecologic quality; Environmental impacts, resources, biodiversity, 

recycle, toxicity 

• Economic quality; Life cycle costing, area use, value stability 

• Sociocultural quality; Safety and access, well-being, architecture, 

transport, social responsibility 

The criterion of the certification systems is then categorised within these 

subcategories. So, the analysis is limited to the “theme” within the criteria in the 

certification system and does not include the ambition of the criteria. It should be 
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noted that categorising has some subjective interpretation of the criteria [10]. The 

categorisation of criteria is based on the descriptions in the certifications’ manual. 

If there is a direct relation with the category and the criteria, it is categorised 

directly. But generally, the criteria can be related more than one category and, in 

some cases, where the subject of the criteria has been multidisciplinary design of 

the building or has to do with documentation or process, the criteria has been 

equally divided on all categories. This choice in method means that categories that 

have otherwise not been included in a certification becomes visible in the results 

because it is included in this equal distribution [9].Although there are 13 

subcategories, it is sometimes hard to categorise criterions. There will also exist 

some subjective interpretation of the criteria consequently. 

RESULTS AND DISCUSSION 

Table 1. shows a distribution in percent of DGNB certification criterion into 

three aspects. It can be claim that from this analyse, criterion of DGNB has 

approximately equal weight on three aspects of sustainability. Area use is the most 

represented category and environmental impacts category is the second. Another 

important result is the two categories share the weightiest percentage. 

Environmental impacts and area use.  
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Table 1. DGNB certification criterions categorise into three sustainability aspects 
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ENV1.1 1,4 1,4 1,3 1,3 1,3 1,3               

ENV1.2 0,7 0,7 0,7 0,6 0,6   0,7             

ENV1.3 0,4 0,4 0,3 0,3 0,3 0,3               

ENV2.2 0,4 0,4 0,4 0,4 0,4                 

ENV2.3 0,4 0,4 0,4     0,4 0,4             

ENV2.4 0,1 0,1 0,1   0,1 0,1 0,1 0,1   0,1 0,1   0,1 

ECO1.1 0,7 0,6   0,6   0,8 0,7 0,6           

ECO2.1 0,3 0,3       0,3 0,4 0,3 0,3 0,4 0,3   0,4 

ECO2.2           1   1           

SOC1.1 0,5 0,5 0,5     0,5 0,5     0,5 0,5   0,5 

SOC1.2         0,9 0,7 0,8     0,9 0,7   0,8 

SOC1.3             0,4 0,4   0,4 0,4   0,4 

SOC1.4 0,3 0,4   0,3   0,3 0,3 0,3   0,4 0,3   0,4 

SOC1.5 0,2 0,2       0,2 0,2 0,2 0,2 0,3 0,3   0,2 

SOC1.6 0,2 0,2     0,2 0,2 0,2 0,2 0,2 0,2 0,2   0,2 

SOC1.7             0,2   0,3 0,2 0,1 0,1 0,1 

SOC2.1           0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 

TEC1.2             0,6 0,6   0,6 0,6   0,6 

TEC1.3 0,5 0,5 0,5     0,5 0,5 0,5   0,5 0,5     

TEC1.4 0,3 0,3 0,3 0,3   0,3   0,3 0,3 0,3 0,3   0,3 

TEC1.5 0,1 0,2 0,1   0,2 0,2 0,2 0,2 0,2 0,2 0,2   0,2 

TEC1.6 0,4 0,4 0,4 0,4   0,4 0,4 0,4     0,4 0,4 0,4 

TEC1.7 0,1 0,1         0,1 0,1   0,3 0,1   0,2 

TEC3.1 0,3 0,3     0,3     0,3 0,3 0,4 0,3 0,5 0,3 

PRO1.1             0,5 0,5 0,5 0,5 0,5   0,5 

PRO1.4 0,4 0,4 0,2 0,2 0,2 0,3 0,3 0,2 0,2     0,3 0,3 

PRO1.5 0,2 0,2 0,2 0,2   0,2 0,2 0,2 0,2     0,2 0,2 

PRO1.6 0,6           0,6       0,6 0,6 0,6 

PRO2.1 0,25 0,25 0,25 0,25 0,25   0,25 0,25 0,25 0,25 0,25 0,25 0,25 

PRO2.2 0,4 0,3 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,3 

PRO2.3 0,5 0,5 0,5 0,5   0,5   0,5           

PRO2.4 0,25 0,25 0,25 0,25   0,25 0,25 0,25         0,25 

PRO2.5 0,2 0,2 0,1     0,1 0,1 0,1         0,2 

SITE1.1 0,2   0,1   0,2 0,2 0,2 0,1 0,2 0,2 0,2 0,2 0,2 

SITE1.2           0,5 0,5 0,5         0,5 

SITE1.3 0,2 0,2     0,1 0,2 0,2 0,2 0,2 0,2 0,1 0,2 0,2 

SITE1.4 0,3 0,3 0,3   0,3   0,3 0,3 0,3 0,3   0,3 0,3 

  10,8 10 7,1 5,8 5,55 10,45 10,8 9,3 4,35 7,85 7,65 3,75 9,4 

Table 2. shows a distribution in percent of BEST certification criterion into 

three aspects.  

This analyse shows that unlike Table 1 there is no equal distribution between 

three aspects. It is clear that ecologic quality has the power both represented 

categories and criterion weightings. The most represented and weightiest category 

is environmental impact. On the other hand, the least represented and scored 

category is transport. Economic quality aspect is least scored and represented. 

However, we can say the other aspects are generally related with economic quality. 
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Table 2. BEST certification criterions categorise into three sustainability aspects 
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1.1 0,2 0,2 0,2     0,2 0,2   0,2 0,2 0,2 0,2 0,2 

1.2 0,4 0,4 0,4 0,4 0,4                 

1.3 0,5   0,5 0,5 0,5                 

1.4 1                 1       

2.1 1 1 1                     

2.2 0,75               0,75 0,75     0,75 

2.3 0,5         0,5       0,5     0,5 

2.4 0,5 0,5 0,5 0,5     0,5           0,5 

2.5 0,4             0,4 0,4     0,4 0,4 

3.1 1,5 1,5   1,5   1,5               

3.2 0,8 0,8       0,4               

3.3 0,4 0,4 0,4 0,4   0,4               

3.4 1   1                     

4.1 3 3   3   3   3           

4.2 1,5 1,5 1,5 1,5   1,5   1           

4.3 0,25 0,25   0,25   0,25               

4.4 0,25 0,25   0,25   0,25               

4.5 0,25 0,25   0,25   0,25               

5.1 0,4 0,4 0,4     0,4 0,4 0,2   0,4     0,4 

5.2 0,3 0,4 0,3     0,3 0,4 0,3   0,4 0,3   0,3 

5.3 0,3 0,3 0,3   0,3 0,3 0,3 0,3   0,3 0,3   0,3 

5.4 0,3 0,3     0,4         0,4 0,3   0,3 

5.5             0,4 0,4   0,4 0,4   0,4 

6.1 0,5 0,5 0,5         0,5     0,5   0,5 

6.2 0,3 0,4 0,3 0,4   0,3 0,3 0,3     0,3   0,3 

6.3 0,3 0,4 0,3 0,4   0,3 0,3 0,3     0,3   0,3 

6.4 0,3 0,3 0,3 0,3   0,3 0,3 0,3     0,3 0,3 0,3 

6.5           0,6     0,7       0,7 

7.1             0,3 0,3 0,4 0,3 0,3   0,4 

7.2 0,2       0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 

7.3         0,2 0,3   0,3 0,3 0,3   0,3 0,3 

7.4           0,1 0,2 0,1 0,1 0,2 0,1   0,2 

7.5 0,3 0,3     0,3 0,3 0,3 0,3 0,3 0,3   0,3 0,3 

7.6 0,2 0,2     0,2 0,1 0,2 0,1 0,2 0,2 0,2 0,2 0,2 

7.7           0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 

8.1 0,2 0,2 0,2 0,2 0,2 0,1 0,2 0,2 0,2   0,1   0,2 

8.2 0,2 0,1 0,1 0,1 0,1 0,1 0,1           0,2 

8.3 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1       0,1 

8.4 0,4 0,4       0,3 0,3 0,3         0,3 

9.1 0,2 0,2 0,1 0,2   0,1 0,1 0,1           

9.2 0,2 0,2 0,1 0,2   0,1 0,1 0,1           

  18,9 14,75 8,5 10,5 2,9 12,8 5,45 9,35 4,1 6,1 4,05 2,15 8,8 

Table 3. shows a comparison of DGNB and BEST certifications score 

weighting according to three aspects and 13 subcategories. It can be concluded 

about scoring distribution that both systems give mostly close scores. Four 

subcategories have different score weightings. Environmental impacts, resources, 

recycle and area use categories. Like DGNB, the BEST system’s least represented 

and scored category is transport. Sociocultural aspect is the least scored. However 

economic quality is the least represented.  
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Table 3. Comparison the certification systems score weightings according to three 

aspects 

Three Aspects Subcategories DGNB BEST 

Ecologic Quality 

Environmental impacts 10,8 18,9 

Resources 10 14,75 

Biodiversity 7,1 8,5 

Recycle 5,8 10,5 

Toxicity 5,55 2,9 

Economic Quality 

Life cycle costing 10,45 12,8 

Area use 10,08 5,45 

Value stability 9,3 9,35 

Sociocultural 

Quality 

Safety and access 4,35 4,1 

Well-being 7,85 6,1 

Architecture 7,65 4,05 

Transport 3,75 2,15 

Social Responsibility 9,4 8,8 

In both systems it is evident that the ecologic quality aspect is valued most. 

While DGNB gives second place to sociocultural and third place to economy, BEST 

gives to economy the second place.  

 

Figure 1. Percentage comparison of DGNB and BEST systems scorings according 

to sustainability aspect 

There is an equal distribution among three aspects, when we look over DGNB. 

However, at BEST system ecology has the half.  

CONCLUSION 

Two certification systems that are used in two countries are compared. The 

analysis gives an overview of two building certification systems in relation to the 

sustainable building aspects and categories. Because of subjective interpretation of 

criteria, there is uncertainty in the results. However, the results still give a good 
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indication of the sustainability aspects in the certification systems. And also, it 

represents overall tendencies and differences.  

In both systems it is evident that the ecologic quality aspect is valued most. 

While DGNB gives second place to sociocultural and third place to economy, BEST 

gives to economy the second place. On the other hand, BEST gives the weightiest 

scoring to environmental impact, DGNB gives the weightiest scoring to two 

categories which are environmental impacts and area use. 

The ecologic quality aspect is valued most in both systems. While DGNB gives 

second place to sociocultural and third place to economy, BEST gives to economy 

the second place. DGNB gives the equal distribution among three aspects. But 

BEST gives the weightiness to ecologic quality. 
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ABSTRACT 

Cityspace has been the topic of urban and cultural studies for at least two 

decades and has opened a variety of ways to approach the city, from historical and 

cultural perspectives to socio-geographical, economic, religious, literary, 

postmodernist, post-colonial and, more recently, geo-critical ones. The article looks 

at the European and American city from the 1970s to the present through the lenses 

offered by the theoretical approaches by Edward Soja, David Harvey, Michel 

Foucault, Frederick Jameson, Bertrand Westphal, Manuel Castells, among others, 

while highlighting the specific characteristics of cityspace and citizenship, the use 

and misuse of living and imagined spaces in the period mentioned above. The shift 

from the modern city to the postmodern metropolis and global megalopolis has 

entailed essential changes in the views on cityspace both from the architectural 

perspective and from the city dweller’s perception of space in the city. How these 

changes have affected our lives and what the city of the future will look like are two 

core questions this article attempts to answer.    

Keywords: postmodernism, postmetropolis, megalopolis, global city, network 

society 

INTRODUCTION 

Cityspace is a term coined by the cultural geographer and urban theorist, 

Eduard Soja, in 2000 and refers to the urban space from three perspectives, out of 

which the third is described as complete, encompassing all possible aspects of the 

city. In his approach to the city, Soja, the founder of the Los Angeles School of 

urban studies, identifies three kinds of cityspace Firstspace, which he describes as 

the real, material city, Secondspace, the imagined city, and Thirdspace, a 

combination of the former two, described as “a simultaneously real-and-imagined, 

actual-and-virtual” lived space of the city, “a locus of structured individual and 

collective experience”. [1] While the first two kinds of cityspace offer, according to 

him, an incomplete perspective on space in the city, Thirdspace offers a more 

complex, exploratory view which allows the critic to look at the city from historical, 

economic, cultural, human geographic, social and fictional perspectives. [1] Edward 

Soja’s acceptance of the fictional, literary approach to the city, and the inclusion of 

this approach in the meaning of the Thirdspace concept has brought him the 

criticism of the Chicago School of Urbanism, whose representatives (Manuel 

Castells, David Harvey, Henri Lefebvre) were mainly looking at the economic and 

social dimensions of urban life, at the expense of the “real-and-imagined, actual-

and-virtual” lived-in space of the city [1], which Soja features in his analysis of the 

postmodern metropolis, offering Los Angeles as a case study. 
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The distinction between the two schools of thought in the field of urbanism lies 

in the contrast between a modernist approach to the city, based on social Darwinist 

struggles for urban space (e.g. Harvey’s theory of “social justice” in the city) 

supported by the Chicago School and a postmodernist, postfordist vision advanced 

by the Los Angeles School. The latter relies on the postmodernist concepts of 

heterotopic and hyperreal space (Jean Baudrillard, Michel Foucault, Frederic 

Jameson) on Jacques Derrida’s poststructuralist philosophy, on Mike Davis’s 

analysis of social class and power and on Edward Soja’s cross-disciplinary vision 

and deep insightful views on exploring the city and the lives of its inhabitants. One 

of the weak points of Soja’s theory, according to the Chicago School critics lies in 

the fact that Soja applies it to Los Angeles, California, considered to be the 

paradigmatic postmodern American postmetropolis, whereas other postindustrial 

metropolis may not fit so well into his theory.  

The aim of this article is to offer a reading of the city through time with a focus 

on the period between the latter half of the twentieth century and the present and 

with a view to highlighting both schools’ approach to the city. My intention is to 

draw attention to a number of aspects that are recognizable nowadays in a 

postmetropolis, irrespective of its geographical position, to distinguish between the 

modern, postmodern/ist city (or postmetropolis) and the way it is perceived by its 

dwellers and to look at the world/global city (or megalopolis) as its latest stage and 

its possible cultural representations. What will the city of our future look like?  

FROM THE MODERN TO THE POSTMODERN CITY 

The modern city, usually referring to the industrial metropolis from the 

nineteenth century to the 1950’s and ’60s comes with two important characters: the 

crowd and the stroller, the flâneur. Either tarred by industrialism, poverty and the 

existence of the slums or shaken by revolutionary upheavals whose target was to 

overthrow the monarchical or foreign governments, the cities witnessed, in the 

nineteenth century, the birth of the crowd, who became the city’s collective 

character. It is the crowd, the popular classes, and their entry into political life that 

became characteristic of the modern city for the tremendous role that they played 

in history. Besides the crowd, with its representative, the leveled “crowd-man,” 

excellently described by Le Bon [2], there is another type of city dweller that 

appears at the turn of the twentieth century: the street-stroller, the flâneur, whose 

specific activity was to observe the city and distinguish between the eternal and the 

transitory and who is fascinated by, and awed at, the colors and smells of the 

growing metropolis. This attitude leads to a number of things that are represented 

by the literature and the arts of the time: one, the focus on the dwellers and the way 

in which they perceive the city through the senses. In this case, the lived city offers 

as many perceptions of the city as the number of its city-dwellers. Two, the shift 

from viewing the city as a centripetal entity (meaning that life in the city is 

controlled from central institutions that function as a central force) to looking at the 

city as centrifugal (meaning that the central institutions have lost their grip on the 

city and that the center multiplies according to various cultural and symbolic 

correspondences of space and time which the dweller creates in his/her mind.) 

Experiencing the city through the senses creates a plural, imaginary, subjective 
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image of the city unique to each inhabitant. Therefore, each individual offers a 

distinct urban imaginary, a mental or a sensory map of the city which renders 

cityspace highly subjective. An example to this effect is the mapping of Dublin by 

Joyce in Ulysses (1922). Although Joyce claimed that, if by any chance, Dublin 

disappeared from the face of the earth, it could be completely remade following his 

maps in the novel, the truth is that it could not. The geographical sites, the major 

buildings and the institutions are perceived through the senses of the three major 

characters, offering distinct, even opposite views on the same lived or imaginary 

space. Subjectivity is so intense that the recreation of the city according to the 

characters’ perceptions would lead to the creation of a multiple city on juxtaposed 

layers of individual perception.  

This shift from looking at the city as an objective reality to the subjective 

conception of reality is highly enriched after WW II by the postmodernist vision of 

reality. Thus, contrary to looking at reality as the amount of facts and events 

surrounding us, a view of utter importance to nineteenth-century realism and idea 

of progress, or identifying reality with subjective consciousness, postmodernism 

vouches a complete disbelief in representing reality altogether, irrespective of its 

being mirrored by the mind (Rorty), by an institution (Foucault) or by language 

(Derrida). According to postmodernist theory, reality cannot be singular, but plural, 

manifesting itself through highly subjective perceptions, while meaning cannot be 

fixed, clear, but fluid, plural, and very much elusive. Therefore, the notion of reality 

becomes inclusive, encompassing the heterotopic and the hyperreal. This obviously 

alludes to Michel Foucault’s description of “heterotopia” [3] and Jean Baudrillard’s 

definition of “hyperreality” [4]. By including the “heterotopia” and “hyperreality” 

concepts in discussing urban space, postmodernist theory envisages the city as 

structures in relation or as multiple signs (Baudrillard) in which diachronic systems 

(including space and time) are replaced with synchronic ones. The city becomes 

thus a state of mind, a vortex or a maze, controlled by institutions and systems of 

power, but impossible to manage by the individual. 

A highly revealing example to this effect is Frederic Jameson’s inclusion, and 

description of, The Bonaventure Hotel (Los Angeles) in his seminal essay: 

Postmodernism, or, the Cultural Logic of Late Capitalism (1991) [5]. He compares 

The Bonaventure with the Pompidou-Beaubourg Center in Paris and the Eaton 

Center (Toronto), from the similar way in which these three buildings (all finished 

in the 1970s by different architects) envisage space as a complete world in itself, 

creating a miniature city for people to move in and congregate. As he states in his 

essay: 

I believe that, with a certain number of other characteristic postmodern 

buildings, such as the Beaubourg in Paris or the Eaton Centre in Toronto, the 

Bonaventure aspires to being a total space, a complete world, a kind of miniature 

city; to this new total space, meanwhile, corresponds a new collective practice, a 

new mode in which individuals move and congregate, something like the practice 

of a new and historically original kind of hypercrowd. [5] 

Such buildings offer a completely different experience of space: they 

discourage independent mobility, obliging the visitors used with the strolling 
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through the place to give themselves up to “transportation machines” or to be 

surprised at unexpected entries into the building and unimagined positions of 

ordinary places such as shops, bars and registration desks.  This also challenges the 

concept of the crowd and alienates the stroller. 

In his particular reading of the city, Manuel Castells launches the idea 

according to which the capitalist-industrialists took control over the production of 

space and turned the city into a container of capitalist inscriptions, which created an 

“urban ideology” [6] or a “myth of urban culture” [6], which he is opposing. On the 

other hand, David Harvey’s formulations look at the urban changes in the 1950s 

through the 1970s, officially described as “urban renewal” or urban planning. In his 

view, these renewals actually meant the forced removal of the poor people or of 

ethnic communities from certain areas, mainly downtown, to create space for 

financial or governmental buildings or more elegant residential areas, a re-

enactment of the urban planning by Wren and Hausmann in the previous centuries. 

However, while in the western cities, this forced removal was effected by both 

economy and population distribution politics, in Bucharest, for example, the erasing 

of a whole district for the building of the megastructure called People’s House in 

the 1980s is an example that falls in the category which Harvey calls the 

“redistribution of injustice” and which Soja describes Harvey’s formulation as a 

shift from ”liberal to socialist formulation” views. [7]  

Grounding his theory on Jameson, on Manuel Castells, David Harvey and 

Henri Lefebvre, Edward Soja offers a reading of the city through equally strong, 

Marxist economic and social lenses. Soja’s approach to cityspace is crucial in his 

attempt to discuss the postindustrial, highly technologized city as a symbiosis of 

constructive and destructive energies living together (“synekism”) or as a hybrid 

space including both wild and inhabited areas, also productive of opposing energies 

[1]. Soja has an economic, cultural and human-geographic approach to the city, 

which he supports with urban policies and figures. He offers a geographer’s view 

on cityspace which we find translated into fiction in the postmodernist writers’ 

reading of the city.  

MEGALOPOLIS, OR THE GLOBAL CITY 

The rise of globalization has brought about a different perspective on the city, 

which is measured and analyzed according to its “world-cityness,” namely 

according to its place in the hierarchy of the largest cities in the world as Jayne and 

Ward claim in their introduction to Urban Theory (New Critical Perspectives) [8]). 

Whether they are labeled alpha, beta and gamma world cities [9], global, sub-global 

and regional cities [10], ‘mega’ city-regions or, simply, ‘city-regions’ [11], the 

analysis of the world/global city reveals a few aspects that have manifested 

themselves in the postindustrial society and should, therefore, be taken into account. 

These aspects refer, on the one hand, to an agglomeration of population in a few 

megalopolises (cities with over 5 million inhabitants), the presence of multinational 

institutions, tourism and culture industry and, on the other hand, to the air and rail 

connectivity to the world. In this way, the global ‘mega’ cities (like New York, 

London, Tokyo, Shanghai) have turned into “spatial nodes” with specific economic, 
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political and cultural characteristics which assured their success in the globalizing 

world [8]. 

Manuel Castells’s (2004, 2006) theory of the network society has inspired the 

urbanist scholars in describing the global mega-cities as spatial nodes. According 

to Castells and a few more analysts of the digital world, the network society 

functions like any network, meaning that it has no center, only nodes that serve the 

network in terms of varying relevance [12]. Any network has been assigned goals 

and rules of performance, which makes networks cooperate or compete with each 

other through the inclusion or exclusion of ‘nodes’ and the operational 

programming of ‘switches’ that regulate the network. Since the core activities that 

shape and control human life everywhere on the planet are organized in these global 

networks [12], it is obvious that the urban areas, in which there is an agglomeration 

of nodes as well as of people, function according to the structure and rules of the 

networks. In analyzing the power in the social networks, Castells considers that it 

is dependent on its programmed goals. Thus, for instance, as he claims, “in global 

capitalism, the global financial market has the last word and the IMF is the 

authoritative interpreter for ordinary mortals” [12]. The IMF’s verdict, therefore, 

affects both a certain society and the urban areas in which the people live. As a 

consequence, cities can grow or decline, the countryside can develop or dilute 

according to economic interests and financial gains. 

Historically, networks have always existed and formed the pattern of life on the 

planet both geographically and in terms of communication. However, while in the 

past the networks functioned as an extension of power that was concentrated at the 

top (state, religious institutions, army, etc.) in the present, the networks lack the 

vertical organization due to their global structure. Therefore, they both have helped 

the forming of the global cities and support their existence. Most recent urban 

theories (from 2010 to the present) have attempted to develop a balanced 

understanding of the urban territory, with a special focus on the connectivity 

between the urban spaces (Jayne and Ward, 2017 [8]). In other words, urban 

theories, as diverse as they are, try to make sense of the urban world from cross- 

and inter-disciplinary angles overlapping geography with economy and culture, but 

also with consumption, technology, feminism, travel and, obviously, with 

sociology. In this respect, Castells’s theory of the network society both supports and 

explains the existence of the global city. The network society, which operates in a 

global “space of flows” (Castells 2004, 2006), leads to regional concentrations 

which develop an informational global economy and cultural industries (music, TV, 

film, computer games, literature, design, learning materials), based on, and 

dependent upon, the latest communication technology, media and digitalization 

[13]. 

From a postcolonial perspective, any labeling or hierarchy of the global cities 

reflects the western geographical imagination; therefore the study of the city and 

cityspace should not be reduced to case studies discussed according to western 

capitalist criteria (Said, 1978, Spivak, 1993). On the contrary, the (former) 

colonized cities reveal specific aspects, a mixture of the local and the foreign, that 

do not fit into any of the categories mentioned  above,but should be taken into 

consideration in a more detailed analysis of cityspace. The postcolonial approach to 
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the city questions the traditional Marxist view and highlights the relationship 

between power and knowledge (Foucault, 1979) in hidden and overt ways, focusing 

on a large range of institutions that relate to health, crime, ‘deviance,’ sexuality, 

networks of power. Actually, Foucault’s theory, which has generally influenced the 

shaping of poststructuralist methods that uncover hidden power relations, could be 

applied to the analysis of any city. Moreover, if the city is looked upon as a text or 

as discourse, Deleuze and Guattari’s (1987) poststructuralist theory, underpinning 

the confrontation between human and non-human actors in political and social 

struggles, could also be applied. 

Drawing on Castells’s theory, especially on his description of the space of 

flows in the network society, John Rennie Short (2006) examines specific flows in 

the contemporary global urban network, such as airlines and connectivity to the 

world. In this sense, he describes London as the hub of global airline flows, Los 

Angeles as a Pacific Rim world city, Amsterdam as a European world city and 

Miami as the global city of Latin America and the Caribbean [14]. Additionally, he 

introduces two major aspects in the labeling and description of the global city: the 

distribution of advanced producer services (accountancy, advertizing, banking, law, 

management consultancy), which operate in and through ‘offices’ (the “metaphor” 

of the postindustrial city) and the presence of migration flows [14]. These aspects 

lead to a “polarized city” in terms of income and life-style, generally consisting of 

two categories of people: the office goers during the day and the office cleaners 

during the night. 

It is obvious that neither the postmetropolis nor the megalopolis (or the global 

city) look anything like the modern industrial city whose transformation into the 

postindustrial city of today started after WW II. Moreover, the uneven development 

of economic, political and cultural globalization is constantly creating new forms 

of social and spatial organization. Therefore, the world city should be researched in 

the process of “becoming”, rather than on the status of “being” global [14]. The 

dynamics of “becoming” reveals another important aspect of globalizing the ‘city’. 

Being one simple element in regional economic agglomerations, the city becomes 

a node in the circulation patterns of the network flows. The development of various 

zones in the city, especially at the peripheral area, the creation of new cheaper sites, 

to which jobs and services move, turn the ‘city’ into an urban region.  

In the cultural and literary fields, the recent views on culture and society, 

human geography and literary criticism have given birth to geocriticism, a theory 

that connects “human spaces” with mimetic arts and reveals “through, and in, texts, 

the image, and cultural interactions related to them” [15]. In other words, Bertrand 

Westphal, the creator of geo-criticism, proposes a geo-cultural way of reading 

spaces, whether real, imaginary or both, which builds on transgressivity (with its 

deterritorialization and reterritorialization components), on referentiality and on 

imagology [15]. What he does is to propose an analysis of literary and cultural texts 

envisaging cityspace as a mobile territory with an ephemeral demarcation, 

constantly subjected to both de- and re-territorialization forces.  In this way, 

Westphal connects geography to literary studies and creates an interdisciplinary 

approach to real, imagined and lived-in space. 
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CONCLUSION 

Irrespective of the way we look at the city as a postindustrial metropolis, as a 

global city or as a global city-region, the paradigmatic shifts from modernity to 

postmodernity have deeply affected the perception of the city first by decentralizing 

the stable structure of the industrial city and, then, by adding a global dimension to 

the city that has reduced its national importance and has increased its regional one. 

The changes in the paradigm have impacted the city-dwellers in their perspective 

on, and perception of, cityspace. Returning to Soja’s Thirdspace concept [1], it 

definitely encompasses the various ways of living and imagining the city, as real 

and virtual reality, as a living space for distinct groups, or communities, or for 

individuals. Foucault’s concept of heterotopia, Baudrillard’s definition of 

hyperreality, Jameson’s description of postmodern ruptures and disorientation in 

urban culture, as well as Soja’s “synekism” [1] have produced, under the power-

knowledge pair that governs our world, spatial strategies of connection and growth, 

but also of dispossession, difference, and authority that apply to any city whether 

postmetropolis or megalopolis. Whatever space in the city we may occupy, we live 

in areas of conflicting geographical imaginations, constantly chartered by 

postcolonial (re)mappings and postmodern urban representations. 
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ABSTRACT 

The paper addresses the topic of nature-based solutions applied in the 

architectural and urban design. These ideas are analyzed in the context of the 

opportunities they create for the humanity in terms of the sustainable growth and 

environmental protection. Nature-based solutions are inherently taken from nature. 

The first part of the paper presents their tremendous potential to be energy and 

resource-efficient, and resilient to change. In the second part of the research 

particular concepts driven from nature (copied form nature or inspired by nature) 

proposed for the buildings and cities are described and evaluated. The author 

discusses their functional usefulness, spatial appropriateness, adaptation to local 

conditions, end-user comfort, environmental benefits and the possibility of 

duplication. Nature-based solutions applied in urban planning can make cities more 

climate resilient and contribute to ecosystems restoration. The paper describes how 

sustainable urbanization can stimulate economic growth, make cities more 

attractive and enhance well-being of the inhabitants. It is also explained how 

particular buildings can benefit from the concepts driven from nature e.g. by 

increasing their energy efficiency and performance in terms of raw material 

consumption. In purpose to properly response to the climate challenge, humanity 

has to establish a new kind of partnership with nature. Using nature-based solutions 

should be considered as an important part of this approach. The concepts presented 

in this paper show some of the most promising options, such as integration of living 

systems with built systems and innovative combinations of soft and hard 

engineering. In conclusion some of the most promising nature-based solutions for 

climate resilient buildings and cities are indicated. 

Keywords: climate, ecosystem, building, resiliency, sustainability 

INTRODUCTION 

Nature-based solutions applied in the architectural and urban design  are 

analysed in the context of the opportunities they create for the humanity in terms of 

the sustainable growth and environmental protection. Nature-based solutions are 

inherently taken from nature. The first part of the paper presents their “tremendous 

potential to be energy and resource-efficient and resilient to change” [1]. In the 

second part of the research particular concepts driven from nature (copied form 

nature or inspired by nature) and proposed for the buildings and cities are described 

and evaluated. The author discusses their functional usefulness, spatial 

appropriateness, adaptation to local conditions, end-user comfort, environmental 

benefits and the possibility of duplication. That leads to the selection of the most 

promising nature-based solutions for climate resilient buildings and cities. 
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 OPPORTUNITIES CREATED BY NATURE-BASED 

SOLUTIONS 

Nature-based solutions applied in urban planning can make cities more climate 

resilient and contribute to ecosystems restoration. Sustainable urbanisation can also 

stimulate economic growth, make cities more attractive and enhance well-being of 

the inhabitants. Particular buildings can benefit from the concepts driven from 

nature e.g. by increasing their energy efficiency and performance in terms of raw 

material consumption. Nature-based approach should be perceived as the basis of 

the maintenance, restoration, and sustainable use of ecosystems, which is a first step 

for the climate change mitigation [2]. In this light, among the most promising 

opportunities created by nature-based solutions we can distinguish: 

• Restoration of degraded city ecosystems (including water, soil and 

green areas)  

• Enhancing biodiversity in cities, creating green and sustainable spaces 

• Natural cooling and ventilation within the city  

• Creating energy networks based on RES 

• Increasing carbon sequestration 

• Improving risk management and resilience, e.g. in coastal areas. 

In the building scale nature-based solutions may contribute to: 

• Increased energy and resource efficiency 

• Innovative thermoregulation 

• Resilient response to change 

• Improved user comfort and well-being. 

ACTIONS INSPIRED BY NATURE FOR CLIMATE RESILIENT 

CITIES 

In this part of the paper some nature-based solutions are analyzed in terms of 

their adequacy for the actions aimed towards climate resilient cities. The important 

role of nature-based urban regeneration is emphasized with particular stress on blue 

and green areas. It is also shown how natural cooling and ventilation can improve 

the quality of life in the cities. Finally the author explains the concept of ecosystem 

restoration and conservation inspired by nature. 

URBAN ECOSYSTEM REGENERATION INSPIRED BY 

NATURE  

While a lot of actions have been undertaken for the cultural heritage 

conservation in cities, very few are oriented towards tackling challenges arising 

from biodiversity loss, climate change, more frequent natural disasters and rapid 

urbanisation [1]. At the same time nature–based solutions applied in the city scale 

can bring about considerable benefits for the local climate, biodiversity and water 

management. An interesting example of bioclimatic urban design in combination 

with urban ecosystem regeneration and climate action can be observed in ParcBIT, 

near Palma de Mallorca, Spain. ParcBIT project, developed in 1994-1999 by 
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Richard Rogers & Partners (currently Rogers, Stirk, Harbour + Partners) and 

inaugurated in 2002, was supported by Ministry of Economic Development for the 

Balearics Region and partially financed by the European Union Thermie 

Programme. The proposal addressed the issue of regeneration of the dry and 

neglected northern suburb of Palma de Mallorca. The concept was based on the 

ecosystem healing with the increased biodiversity level that prevents soil erosion. 

Nature-based solutions developed for ParcBIT were based on the series of 

biological and climatic analysis. One of the most important aspects was to provide 

the necessary amount of water for the new estate and surrounding agricultural areas 

(50 hectares altogether). Research model allowed to calculate the water demand for 

the summer season, when the precipitation level is insufficient. On the basis of this 

calculations the network of water reservoirs and weirs was designed to collect water 

from the winter rainfall and use it in the summer. The new development 

complements the landscape, local ecosystem and circulation patterns [3]. Buildings 

are located on the terraces, among the trees (Fig. 1). Ventilation corridors and 

shadowing elements are combined with the pedestrian communication system. The 

parking area located outside the estate contributes to better air quality as well as to 

the continuity of watercourses and small animals paths (Fig. 2). 

 

Fig.1 ParcBIT, Palma de Mallorca (from 2002), Richard Rogers and Partners. 

Buildings are located on the terraces, among the trees. Phot. B. Widera, 2013. 
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Fig. 2. 

Sustainable community uses renewable energy sources and applies elements of 

circular economy model. ParcBIT is self-sufficient in terms of water and food 

supply. Electricity is produced from the photovoltaic panels located outside the 

estate, while thermal comfort in the buildings is provided by the central heating and 

cooling system (CHCP). The edifice complex is equipped with the collection and 

recycling system which includes also water treatment and recovery unit. ParcBIT 

houses residential buildings, offices, business centres, commercial, service and 

educational facilities (school and kindergarten). Some of the most valuable aspects 

of this project are related to its positive influence on the local climate resulting from 

advanced technology used for the benefit of the environment and the users. 

NATURE-BASED CONCEPTS FOR ECOSYSTEMS 

RESTORATION: GREEN AREAS, SOIL AND WATER 

CONSERVATION 

Remarkable cases of nature-based solutions are the ones that use the same 

technologies that can be found in nature. Many of them are related to the 

conservation of green areas, soil and water. These are phytopurification, soaking, 

aerating and others. Some natural methods, e.g. evapotranspiration, may be used for 

carbon sequestration and thus contribute to preventing climate change.  
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Fig. 3. 

The water aeration technique was successfully applied in Sparman (Kamenz, 

Germany). This former granite quarry was filled with water in 1970s but the water 

was muddy, with very low biodiversity level. In the first decade of the 21st century 

actions for ecosystem restoration were undertaken. They involved innovative 

concept of water conservation. A hose connected to compressor (which normally 

serves for filling diving cylinders) delivers air to the depth of 60 meters, which 

results with water aeration. Constant water movement prevents rotting processes at 

the bottom. That contributes to cleaner and warmer water inhabited by many plants 

and fish (e.g. huge sturgeons and pikes). The quarry is used as an attractive spot for 

scuba diving, which is an interesting option for revitalization of post-mining areas 

(Fig. 3). Local dive center developed environmentally safe infrastructure for divers 

and visitors, such as tank filling station, safe access to water, underwater platforms 

for exercises and bathymetric maps of the reservoir. Using any kind of cosmetics 

and chemical products is strictly prohibited. Multiple information boards help the 

guests to understand the ecosystem demands and challenges. This action helps to 

promote ecotourism and support local communities as new jobs and business 

opportunities are created (e.g. accommodation, restaurants, shops, etc.) [4]. 

However, the biggest advantage of this nature-based concept is its positive 

influence on ecosystem restoration, including green areas, soil and water 
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conservation. Similar methods can be duplicated to restore degraded water areas in 

cities and adapt them for well-being and sport activities. 

Fig. 4. 

 NATURAL COOLING AND VENTILATION OF URBAN 

AREAS 

The most natural and effective way to provide cooling and ventilation in urban 

areas is to fill them with greenery. Threes, creepers, green roofs and walls offer 

shading, keep good humidity balance, absorb noise and dust, absorb CO2 and 

produce oxygen. The concept of properly designed green corridors and wind 

passages that distribute fresh air throughout the urban tissue allows for natural 

ventilation. The successful application of natural cooling methods in the 

contemporary city could be observed in Miami (Florida, USA). With its hot and 

humid climate Miami suffers from overheating of urban areas. Especially in the 

summer months it is crucial to provide free access to outdoor zones with 

comfortable temperature range. Pérez Art Museum in Miami by Herzog & de 

Meuron (2013) with the green installation by Patrick Blanc is a spectacular example 

of the edifice dedicated to art, that created a high quality public space with natural 

shading and ventilation in its surroundings (Fig. 4). 
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Fig.5 Pérez Art Museum, Miami (2013) Herzog & de Meuron, P. Blanc. 

Recreation area. Phot. B. Widera 2017. 

The elevated platform on which the three-story building is located and the 

extended canopy create a shaded veranda which brings the park into the museum 

[5]. French botanist, Patrick Blanc, in cooperation with local landscape architects 

and horticulturists, designed impressive columns and tubes hanging from the 

openwork ceiling planted with lush vegetation. The vertical gardens with tropical 

plants enfold the museum. The perforated canopy allows daylight penetration into 

the building.  

The Pérez Art Museum and the green area around it are located on the 

waterfront. Landscape design encourages pleasant walking and outdoor recreation 

for families and tourists seeking for a moment of relax or open-air casual dining 

(Fig. 5). Various activities and events are regularly arranged. It is worth to note that 

the greenery was design to enrich existing ecosystem and create a home for birds, 

bees and small animals. The waterfront park was further extended with the 

establishment of Phillip and Patricia Frost Museum of Science (2017) by Grimshaw 

Architects in cooperation with  Rodriguez & Quiroga Architects Chartered. 

Together with Watson Island Park, Miami Children’s Museum and the Jungle 

Island, the complex consisting of parks, museums and waterfront allowed for cool 

breeze penetration towards Overtown. In the consequence it contributed to the 

improvement of the air quality as well as the thermal and visual comfort of the users. 

Environmental benefits should also be emphasised.  

NATURE-BASED CONCEPTS APPLIED IN BUILDINGS 

Some innovative nature-based concepts for building design are briefly 

presented in this part. Examples include animal-based thermoregulation, thermal 

mass and water storage applied in the building scale [6].  
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THERMOREGULATION AND ENERGY EFFICIENCY 

Animal thermoregulation becomes more and more popular inspiration for 

nature-based building design. For example the fat stored in the camel’s hump is a 

source of energy and water as a metabolism by-products. If the camel was evenly 

greasy, it would be difficult for him to transfer the heat surplus from the body to the 

environment (this process takes place mostly at night when the air is cooler). This 

observation can be used as a basis for building thermoregulation and energy 

efficiency. Some of the interesting cases involve passive night cooling combined 

with water storage. Radiant cooling solutions have been lately improved with more 

effective distribution of water or other cooling liquid. It is possible with the 

adequate control systems, such as BMS or Domotica. Promising results have been 

also achieved with the application of Passive Infrared Nigh Cooling (PINC) 

technology developed by ZAE Bayern in combination with phase change materials 

used for the heat storage and cooling [7]. 

 

Fig.6 SolarLeaf, Hamburg (2013) bioreactive façade, Splitterwerk Architects, 

Arup. ©Colt/Arup/SCC. 

RESILIENT RESPONSE TO CHANGE 

Ability to provide adequate response to changing environmental conditions is 

one of the most amazing features of nature. Nature-based solutions for buildings 

discussed in this paper combine multiple functions and benefits to make the system 

more resilient: allow for maximum level of the user safety and comfort, preserve 

ecosystem health and biodiversity, reduce environmental pollution with carbon 

storage, etc. Advanced building skins can adapt to changing environmental 

conditions with properly designed gas and liquid exchange as well as various 

temperature and humidity control strategies. Façade materials containing titanium 

dioxide are able to eliminate pollutants from the air. Similar effect can be achieved 

with wall bio-filtration systems where properly selected green plants absorb toxins 

and improve air quality with higher oxygen partial pressure. Some innovative 

hybrid façade solutions combine photovoltaic energy with thermoregulation 

allowing for recovery of the part of solar energy which was not converted to 
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electricity. Other nature-based solutions demonstrate sustainable energy 

production, e.g. from organic photovoltaic cells or microalgae biofaçades [8] (Fig. 

6). 

 CONCLUSION 

In purpose to properly response to the climate challenge humanity has to 

establish a new kind of partnership with nature. Using nature-based solutions should 

be considered as an important part of this approach. The concepts presented in this 

paper showed some of the most promising options, such as integration of living 

systems with built systems and  innovative combinations of soft and hard 

engineering. Sustainable urbanization can stimulate economic growth, making 

cities more attractive and enhancing well-being of the inhabitants. Particular 

buildings can benefit from the concepts driven from nature e.g. by increasing their 

energy efficiency and performance in terms of raw material consumption. Other 

valid opportunities created by nature-based solutions are related to healing and 

restoration of degraded city ecosystems (including water, soil and green areas), 

enriching biodiversity in cities, creating green and sustainable spaces, providing 

natural cooling and ventilation within the city, creating energy networks based on 

RES, reducing pollution and environmental emissions with increased carbon 

sequestration, improving risk management and resilience, e.g. in coastal areas. The 

final conclusion of the paper is that nature-based solutions are often low-cost, 

logical and efficient and therefore should be considered in the first place in any kind 

of environmental and climate actions. 
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ABSTRACT 

Fossil fuels are an exhaustible resource on Earth, and their use pollutes the 

environment massively. The population of the planet has grown a lot, and for the 

production of domestic hot water, to ensure a decent standard of living, it is 

necessary to consume increasing quantities of fossil fuels. The very high level of 

greenhouse gases released into the atmosphere leads to an increase in average of 

annual temperature and climate change. Climate change is manifested by the 

melting of the ice caps, which has the consequence of increasing the level of the 

seas and oceans. Climate change also leads to extreme weather events such as 

floods, heat waves or the appearance of arid areas. 

Risks to human health have increased through deaths caused by heat or by 

changing the way some diseases are spread. Risks also exist for flora and wildlife 

due to rapid climate change.Many species of animals migrate, and other species of 

animals and plants are likely to disappear. 

Climate change also leads to costs for society and the economy due to damage 

to property and infrastructure, which have been more than 90 billion euros in the 

last 30 years, just because of the floods. 

In order to reduce the effects of environmental pollution, ecological energy 

production solutions need to be expanded. 

The article presents the creation of an experimental stand of a Solar - TLUD 

stove combined system for the production of domestic hot water in a sustainable 

way. TLUD is the acronym for "Top-Lit UpDraft". The advantage of the combined 

heat system is that it can provide thermal energy both during the day and at night. 

If the atmospheric conditions are unfavorable (clouds, fog) and do not allow the 

water to be heated only with the solar panel, TLUD gas stove can be used to 

supplement the energy. The TLUD stove has low Carbon Monoxide (CO) and 

Particulate Matter (PM) emissions. After gasification, about 10% of the carbon 

contained in the biomass is thermally stabilized and can be used as a "biochar" in 

agriculture or it can be burnt completely, resulting in very little ash. 

The stand is composed of a solar thermal panel, a TLUD stove, a boiler for hot 

water storage and an automation system with circulation pumps and temperature 
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sensors. To record the experimental results, a data acquisition board was used, with 

which data were recorded from a series of temperature and flow transducers located 

in the installation. 

Experimental results include diagrams for temperature variation, available 

energy and heat accumulated in the boiler. 

Keywords: combined thermal system, TLUD stove, domestic hot water, solar 

thermal panel, data aquisition system 

INTRODUCTION 

For reduction of the very high level of greenhouse gases released into the 

atmosphere which leads to an increase in average of annual temperature and climate 

change, the production of energy from renewable sources must be expanded [1], 

[2]. 

Putting into use the systems for production of domestic hot water requires 

testing of constructive solutions adopted, in order to be able to optimize them in 

terms of efficiency. Thus, for conducting research in the field of combined thermal 

systems, it was necessary to create an experimental stand equipped with sensors and 

a system for recording numerical data [3].  

The article presents the creation of an experimental stand of a Solar - TLUD 

stove combined system for the production of domestic hot water in a sustainable 

way. TLUD is the acronym for "Top-Lit UpDraft". The advantage of the combined 

heat system is that it can provide thermal energy both during the day and at night. 

If the atmospheric conditions are unfavorable (clouds, fog) and do not allow the 

water to be heated only with the solar panel, TLUD gas stove can be used to 

supplement the energy. The TLUD stove has low Carbon Monoxide (CO) and 

Particulate Matter (PM) emissions [4], [5]. After gasification, about 10% of the 

carbon contained in the biomass is thermally stabilized and can be used as a 

"biochar" in agriculture or it can be burnt completely, resulting in very little ash. 

The stand is composed of a solar thermal panel with 4 evacuated tubes, a TLUD 

stove designed for a power of 3 kW, a boiler for hot water storage and an automation 

system with circulation pumps and temperature sensors. To record the experimental 

results, a data acquisition board was used, with which data were recorded from a 

series of temperature and flow transducers located in the installation. 

METHODOLOGY 

The scheme of the installation, presented in figure 1, includes the equipments 

and hydraulic installation from the componence of the combined thermal system, 

as well as the sensors necessary for the controlled operation, as well as the computer 

system of data acquisition and recording of the evolution data of the thermal 

parameters of interest. 

The functional scheme of the combined thermal system has as central element 

a boiler with dual coil (SER1 and SER2), equipped with the necessary elements for 

pressure control (safety valve SV and manometer M). The boiler facilitates the 
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heating of domestic water from two renewable energy sources (solar thermal energy 

and thermal energy from plant biomass) and with electric energy, the boiler being 

equipped from construction and with electrical resistance. 

Solar thermal energy is captured using a mini solar thermal panel (SC), whose 

characteristics are shown in Figure 2, equipped with a solar station [6]. The solar 

station provides the heat transfer from solar panel by circulation of the transfer fluid, 

using a circulation pump (P1), supervised by a safety valve (SV1) and a manometer 

(M1). Pump P1 sends the hot fluid into a coil (SER1) of the dual coil boiler (B) to 

transfer the captured solar heat. 

The temperature is visually monitored with a temperature gauge (T) and the 

fluid flow is measured with a rotameter (R). The temperatures of the fluid at the exit 

of the solar thermal  panel (SC) and, respectively, in the output area of the SER1 

coil, are measured and taken through thermal sensors (TS1 and TS2). 

 

Figure 1. Scheme of the combined thermal system 

The flow rate of the circulation pump P1 with PWM control is adjusted, via  a 

controller, depending on the temperature difference between the sensors TS1 and 

TS2. 
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Features 

- Model 

- Number of tubes:  

- Gross absorber area 

- Net absorber area 

- Width 

- Height 

- Length 

- Weight  

 

WT-S58 

4 

0.86 m2 

0.32 m2 

460 mm 

157 mm 

570 mm 

9 kg 

Figure 2. Features of solar thermal panel 

The thermal energy produced by a gasifier stove (S) (TLUD) - Figure 3, 

which burns and gasify some pellets from biomass [7], is taken over by a kettle (K) 

with water, which can operate under pressure assisted by a pressure safety valve 

(SV2). The temperature of the liquid in the kettle is measured by a thermal sensor 

(TS4). The captured heat is taken by the water conveyed by the circulation pump 

(P2), through pipe coil (SER2), the flow being measured with a flow meter (FM). 

Fluid temperatures at the outlet of the kettle and at the exit of the SER2 pipe coil, 

respectively, are measured by means of temperature sensors (TS4 and TS3). The 

controller of the combined system controls the flow rate of the pump P2 (figure 4) 

depending on the temperature difference between the temperature sensors TS3 and 

TS4. 

 

 

 

Figure 3. Gasifier fire and the 3D CAD of the TLUD water heater 

The computer subsystem for the acquisition of experimental data 

For the acquisition of the experimental data regarding the evolution of the 

parameters of interest, a data acquisition system has been created which is 
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composed mainly of the following hardware components: data acquisition board, 

signal amplifiers for Pt 1000 temperature sensors with 4 ... 20 mA current output, 
elements for transforming current type values (I) into voltage type values (U), 

including numeric display for the parameters of interest (temperature and flow), as 

well as the original virtual instrument application, installed on a laptop computer, 

through which the recording and processing of experimental data describing the 

evolution of the parameters of interest is made (figure 5). To record the evolution 

of the temperature, 5 temperature sensors were used in addition to the 4 used by the 

temperature controller of the combined thermal system. The 5 points in which the 

evolution of temperature was recorded were: TS5 - temperature at the exit of the 

solar collector, TS6 - temperature at the exit of the serpentine SER2 from boiler, 

TS7 - temperature at the exit from the kettle heated by the TLUD stove, TS8 - 

temperature at the exit of the pipe coil SER1, from boiler and TS9 - water 

temperature in the boiler.  

The flows through the 2 heat transfer coils in the boiler were measured with 2 

low-cost YF-S201 type transducers (figure 6) with pulse output signal. The 

measuring range of the flowmeters is 1 ... 30 l / min, and the maximum working 

temperature is 80C. The signal from the two flow transducers was processed by 

means of two digital indicators with frequency type input and analog output 0...10 

V. 

  

Figure 4. Circulation pump and the 

measurement equipments 

Figure 5. Laptop with data aquisition 

software, DAQ and power supply 

 

Figure 6. Flow transducer YF-S201 
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Theoretical considerations 

The amount of solar heat (QS) for heating boiler water volume of 115 l is given 

by: 

𝑄𝑆 = 𝑚𝑤 ∙ 𝑐𝑤 ∙ ∆𝑡  (1) 

• mw - mass of water in kg corresponding to a volume of 15 l(mw= 

115kg); 

• cw=specific heat of water (cw = 4,186·103 J/kg·oC); 

• Δt =temperature difference in°C (Δt = 40oC). 

𝑄𝑆 = 115 ∙ 4186 ∙ 40 = 19,2556 ∙ 106J 

The amount of solar heat yield by the solar collector: 

𝑄𝑆 = 𝑆𝑐𝑜𝑙 ∙ 𝜂𝑐𝑜𝑙 ∙ 𝐺𝛽𝑚𝑒𝑑   (2) 

• Scol- surface of the solar collector (Scol=0,86 m2); 

• ηcol –collector efficiency (ηcol = 83 %); 

• G med -average global irradiation on collector; 

G med = 12,6 MJ/m2 per day 

𝑄
𝑆

= 0.86 ∙ 0.83 ∙ 12,6 =13,3 MJ 

Direct normal irradiation at location where the experimental installation was 

placed is in accordance with [8] de 3,5 kWh /m2per day (figure 7). The solar 

collector with 4 evacuated tubes and heat absorbtion area of 0.86 m2 can produce a 

daily energy of 3010 Wh. 

 

Figure 7. Direct solar irradiation map 

It turns out that it still needs a heat input of 5.9556 MJ to raise the water 

temperature in the boiler to a Δt = 40oC. 

The difference in heat can be covered by the TLUD stove in a time interval which 

can be determined as follows: 

𝑡 =
𝑄𝑇

𝑃𝑇𝐿𝑈𝐷
=

5955600

3000
= 1985 𝑠   (33 min.) 

• PTLUD – power of the TLUD stove  (3 kW  = 3000 J/s). 

In the table 1 is shown the annual energy yield per square metre for different 

renewable energy sources [9]. The annual energy yield for solar thermal collectors 

is much higher than for other renewable energy sources. 
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Table 1 

 Solar thermal Photovoltaics Biomass / bioethanol 

Average annual 

yield 
150 kWhthermal/ m2 59.5 kWhelectric/ m2 3,5 kWhthermal/ m2 

RESULTS 

The main parameters, of interest, are the temperatures, which influence the 

thermal process, namely: the ambient temperature, the temperature of the water 

from the thermal kettle, the water temperature from the solar panel and the water 

temperature from the boiler. 

Testing conditions 

• filling the boiler with a volume of water Vb = 115 l; 

• filling the kettle with a volume of water Vc = 8 l; 

• enviroment temperature: Tenv = 80C; 

• atmospheric pressure: Patm = 1,013 bar; 

• feeding the TLUD stove with biomass pellets (0.5 kg); 

• filling and venting the solar heat agent circuit and venting the heat 

agent circuit from the TLUD stove. 

During the experiments, a series of numerical and graphic recordings were 

made using the data acquisition system. Figure 8 shows the panel with 

thermometers from the virtual instrument application made in the LabView 

environment. 

 

Figure  8. Panel with 

temperature indicators 

Figure 9. Thermal agent flow in solar 

circuit (blue) and in the TLUD heater 

circuit (red) 

In figure 9 we can see, with blue plot, the starts of the pump in the solar circuit 

when touching T set at the controller of the installation. The recordings being 

made in a winter day and the water temperature from the boiler being still low, the 

solar collector with small surface cannot sustain the operating temperature for a 

long time. 

In figure 10 is shown an interval of variation of the temperatures in the 

installation.  
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The plots of temperatures by the colors are: plot 0 red – temperature at the solar 

collector; plot 1 white – temperature from TLUD kettle; plot 2 green – temperature 

from boiler; plot 3 blue – temperature at inlet of the kettle; plot 4 yellow – 

temperature at inlet of solar collector. 

 

Figure 10. Interval of variation of the temperatures in the installation 

CONCLUSION  

The realized installation allows the recording of the parameters for the 

functional characterization of a combined solar thermal - TLUD system. 

For a shorter duration of heating of the water in the boiler, to the desired 

temperature, the power of the heat sources (the biomass-based thermal generator 

and the solar thermal panel) must be increased. 

Experimental testing of the thermal subsystem based on biomass, has 

highlighted its good functional behavior, from a conceptual point of view. 

Restarting the TLUD stove after evacuating the ash and refueling it with pellets, 

it takes some time and it is necessary to increase the operating autonomy by 

increasing the enclosure of biomass loading. 

By the experimental testing of the thermal subsystem based on a solar thermal 

panel, in tandem with the solar station, which includes the circulation pump, as well 

as the operating controller, the good functioning of the model was confirmed, as 

long as the solar radiation is available. 

For a marketable system, it is necessary to properly dimension the powers for 

both thermal subsystems, depending on the size of the boiler, in order to ensure 

optimum duration for obtaining the domestic hot water. 

The large-scale use of these production systems for domestic hot water from 

renewable resources can help reduce pollution. 
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ABSTRACT 

The Apennine Peninsula is one of the most densely-populated and most 

seismically active regions of Europe, possessing a wealth of cultural heritage. 

Historical cities and buildings are a part of this heritage. The earthquake damage 

prevention programme implemented in Italy does not cover existing buildings, and 

reconstruction plans for damaged cities, because of the threat's specificity, are 

always prepared after a disaster. In the case of heritage buildings, particularly those 

of super-local significance, decisions involving a complete reconstruction of their 

original form are typically made, erasing all traces of the tragedy. Reconstruction 

can take years, during which society is left without cultural facilities that are key to 

good morale. Opportunities provided by the phase between a disaster and restoring 

the buildings are too often underappreciated, while the time spent making the 

decision what and how to rebuild should be spent on action. 

Strategies involving temporary buildings allow to prevent the disappearance of 

public functions during the period preceding the reconstruction of major cultural 

facilities. These buildings should be designed as resilient, assuming a capacity to 

adapt to changing conditions and upholding or rapidly returning to a functional state 

after a disaster. They can enable the time between the disaster and making the 

decision about reconstruction to be used to identify and test new relations in the 

surroundings created through the loss of a section of substance. They provoke a 

debate about what must be rebuilt and at what cost, they facilitate understanding of 

the goals of a planned reconstruction. But most importantly, they sustain the genius 

loci, in order to affect the city's reconstruction process in its social, psychological 

and economic aspects. 

By analysing temporary cultural facilities built in Italian cities damaged by 

earthquakes, the study discusses methods of building temporary public buildings 

and features an attempt at assessing interventions that precede reconstruction. Based 

on the experiences of the city of L'Aquila severely damaged in 2009 and drawing 

conclusions from mistakes made during the implementation of pre-reconstruction 

strategies in the town, the author developed a proposal of a temporary intervention 

for the Basilica of St. Benedict of Nursia, which collapsed on the 30th of October 

2016 as an effect of the Amatrice-Visso-Norcia seismic sequence. The proposal 

stresses the preservation of the previous function of the complex at its original site. 

This is meant to maintain the occupancy of Norcia's centre by the Benedictine 

monks, whose tradition is strongly linked with the city and makes it a major 

pilgrimage destination that is important to Christians. As a consequence, it is meant 
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to prevent the depopulation of the centre of Norcia and causing its ruination as a 

place. 

Keywords: resilience, post-disaster recovery, post-disaster reconstruction, 

2009 Abruzzo earthquake, 2016/2017 Amatrice-Visso-Norcia seismic sequence, 

Basilica of St. Benedict in Norcia 

INTRODUCTION 

3751 natural disasters (situations or events that overwhelm local capacity to 

withstand them, requiring external assistance at the national or international level; 

an event caused by natural forces that results in a great deal of damage, destruction 

and human suffering [1]) that have affected 2 billion people in various ways have 

been recorded over the past decade [1]. It is estimated that the combined losses 

caused by these events in 141 countries amount to 1658 billion USD [2]. As many 

as 315 disasters that have caused the deaths of 11804 people and economic losses 

estimated at 131,7 billion USD were recorded in 2018 alone. Among all of the 

disasters of 2018, earthquakes were the most deadly, being responsible for 45 % of 

all deaths caused by natural disasters [1]. 

The problem of seismic activity in Europe predominantly concerns the 

countries of the Balkan and Apennine peninsulas, with the problem being 

particularly severe for the latter because of its greater population density and the 

immense significance of its cultural heritage. The earthquakes that repeatedly 

happen in Italy cause major damage to urban development, particularly to heritage 

buildings, often of super-local significance. The high seismic activity recorded 

across the Apennine Peninsula, particularly in the area of the Central Apennines, is 

a result of the outline of the border between the Eurasian and African tectonic plates. 

The force exerted by the African plate on the Eurasian plate causes it to be affected 

by its lithospheric wedge, with the rate of this process estimated at around 4–5 cm 

per year [3]. The release of the stresses that are created in this manner, felt in the 

form of earthquakes, is sudden, which is why it is difficult to accurately foresee 

their occurrence. 

 

 

Fig. 1. a) seismic activity in Europe; b) population density in Europe c) seismic 

activity in Italy; Source: © A. Rogulska 

The  Amatrice-Visso-Norcia seismic sequence, which occurred between 

August 2016 and September 2017, struck an area of around 30 000 km2 [4], 
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covering 11 provinces and 4 regions of Italy - Umbria, Lazio, Marche and Abruzzo. 

Because relief strategies are a part of regional planning, this generates additional 

difficulty in coordinating reconstruction efforts. Around 4000 Italian churches 

suffered to a varying degree as a result of the tremors [5]. Among others, all of the 

temples in the historical town centre of Norcia have collapsed, including the basilica 

of St. Benedict, which had been seen as an important symbol of Christianity and a 

local icon, a tourist and pilgrimage destination. Only its facade, along with 

fragments of the bell tower and apse have survived. The library adjacent to the 

temple, consecrated in 2003 by cardinal Joseph Ratzinger who would go on to 

become pope Benedict XVI, was also partially damaged. 

Due to the symbolic dimension of the site of the birth and early life of Saint 

Benedict and Saint Scholastica, the need to lift up this exceptional temple and 

preserve the spirit of the place is mentioned very often in the discussion concerning 

Norcia's reconstruction. On the eve of the third anniversary of the basilica's 

collapse, a competition for the proposal of its reconstruction - which in itself can 

take several years - is still to be announced. The ruins of the building have been 

closed and fenced off; this raises concern about the continuity of public functions 

in the centre of Norcia until the reopening of the basilica and the loss of what we 

call genius loci. 

 

Fig. 2 a) structural plan of Norcia prior to 2016. Important public buildings have 

been marked using a darker colour; b) zona rossa— no access area—as of July 

2017; damaged and closed buildings have been marked in red—important 

buildings that have collapsed have been marked in brown; c) zona rossa—no 

access area—as of July 2019; Source: © A. Rogulska 

SHORT-TERM AND MID-TERM PRE-RECONSTRUCTION 

STRATEGIES 

In Italy, post-earthquake reconstruction plans are always prepared after a 

disaster. This is dictated by the specificity of this threat - it is impossible to predict 

the magnitude of the tremors and the damage they will cause. Regulations 

concerning the securing of buildings for the event of an earthquake were introduced 

in 1981 [5]. However, they do not apply to heritage buildings. In the case of heritage 

sites, particularly those of super-local significance, the decision to rebuild their 

original form and erase the traces of a disaster is typically made. However, this can 
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take years, during which society is left without buildings that are key to maintaining 

the spirit of a place. 

There is a specific system that societies use to react to disasters, called the 

emergency response cycle. It covers all the measures that are taken after a disastrous 

event, both immediately after it has taken place - in the form of rescue and relief 

operations - as well as long-term ones - recovery and reconstruction - in addition to 

efforts that are meant to prevent and alleviate the effects of these types of disasters 

in the future - preparedness [6]. 

The earthquake that affected Abruzzo on the 6th of April 2009 left the residents 

of L'Aquila both without a city in its physical sense, but also in the functional one. 

None of its numerous cultural buildings were fit for use. Expecting the 

reconstruction of the city to take years, it was decided to direct efforts towards 

upholding its musical traditions, trying to prevent the erosion of public functions. 

In a gesture of solidarity, the government of Japan gave the city a concert hall as a 

gift, with Shigeru Ban- an architect known for numerous projects built in places 

affected by natural disasters - invited to design it. Ban proposed a concert hall for 

230 people, built from impregnated paper tubes, timber and steel. The building, 

which was opened on the 7th of May 2011, with an area of 700 square metres, fully 

temporary and easy to disassemble and relocate to a different site, was meant to 

facilitate the rapid resumption of music-related activity in the city [7]. 

Another important temporary cultural facility that was built so that public 

functions could be maintained in the city was the Auditorium del Parco by Renzo 

Piano, which was opened in 2012. Composed of three cube-like forms and able to 

accommodate 238 people, this temporary auditorium was erected on a seismic 

isolation platform, separated from the above-grade parts of its structural system 

using special dividers, which are meant to limit the transfer of vibrations to the 

upper parts of the building. The cube-like forms were built using a light skeleton 

structural scheme, while the facade was built from light timber elements, meant to 

facilitate acoustics on the one hand, and safety of use on the other [8]. 

 

Fig. 3. a) cross-section through the Auditorium del Parco. ©Atelier Traldi. 

Source: https://archdaily.com; b) Auditorium del Parco, 2018. Source: ©Anna 

Porębska 
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The recovery-phase measures taken in L'Aquila have not avoided the mistakes 

of other interventions of this type [9]. Both the two concert halls and the C.A.S.E. 

and M.A.P. temporary housing programmes have been built at a significant distance 

from the historical town centre [9]. In the case of the housing programmes, the 

complexes also featured neither any form of public space, nor appropriate 

infrastructure and transport, resulting in the residents becoming isolated from the 

centre and causing it to remain one big construction site after as many as 10 years 

after the tragic events of the quake. 

Insofar as rescue-phase measures should be focused on satisfying current 

needs, the relief and recovery-phase ones are far too rarely accompanied by any 

reflection on what must be rebuilt for whom and at what cost. Although it is not a 

simple matter, the time preceding reconstruction should be used to test out available 

reconstruction alternatives and assess their possible effects [10]. The opportunities 

provided by the phase between the disaster and restoring the building to life appear 

to be underappreciated. 

In theory, the possibility of effectively utilising the phase preceding 

reconstruction to restore selected sequences of sites and establish temporary public 

buildings there does exist. It can provide users safety and to restore at least a portion 

of the public functions of the city. This type of strategy, although in a form that is 

not perfect, was applied using simple means after the 2009 earthquake in Bognara, 

Abruzzo [11]. This course of action, including through the use of newly-created 

spatial relationships, makes it possible to acknowledge the results of a disaster as 

an opportunity to Build Back Better [12]. 

Using this assumption as a starting point and drawing conclusions from the 

mistakes made during the reconstruction of L'Aquila, the author proposes a 

temporary intervention for the basilica of St. Benedict in Norcia that was destroyed 

in 2016 which is meant to serve the recovery phase of this historical Italian town. 

BASILICA OF ST. BENEDICT IN NORCIA—CASE STUDY 

The Basilica of St. Benedict in Norcia was built in the Gothic style in the 

twelfth century. However, it owes its contemporary massing to a later thirteenth-

century extension. The building features a Latin-type cruciform plan with a single 

nave, covered with a gable roof supported by timber frames. Underneath the basilica 

there are original, three-aisle crypts with the ruins of a Roman house from the period 

of the Empire surviving inside; tradition claims it was the family home of St. 

Benedict and St. Scholastica, as well as their birthplace [13]. The monastery 

adjacent to the basilica had been the home of the Order of St. Benedict for centuries, 

as they were present there up to the beginning of the nineteenth century, when 

Napoleon closed numerous monasteries after taking Italy. For 200 years the post-

Benedictine buildings stood empty until a community of the Order founded by 

Father Cassian Folsom relocated to Norcia in 2000 [13]. 

Over the centuries the basilica suffered damage multiple times because of 

earthquakes, e.g. in the years 1328, 1703, 1730 and 1859 [14], 1997 and lately in 

2016, as a result of which a significant part of the building collapsed. Only the 

facade, elements of the bell tower, apse and crypt have survived. The matter of 
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reconstruction has stirred considerable emotion among Norcia's residents and 

Christians because of the high value of the building on many levels - on the one 

hand it includes its value as a heritage site, while on the other it is associated with 

the sacred and the location of the church atop the ruins of the home of Europe's 

patron saint. What is more, the church plays  major role in the space of St. Benedict's 

Square - Norcia's central square - as well as that of the entire town. 

The author's hypothesis assumes that introducing a temporary public building 

to the site of the ruins of the church of St. Benedict can aid in protecting the 

historical town centre from the erosion of public functions and can positively affect 

the long-term process of Norcia's reconstruction. Two elements should be stressed 

in particular: increasing accessibility and improving circulation within the cramped, 

historical urban layout, as well as structural safety. This type of intervention should 

take into consideration the need to clean up the plot and secure the ruins, particularly 

the church's facade, which is an indispensable element of St. Benedict's Square. In 

order to simultaneously increase the accessibility of the site, which is currently 

fenced off by standard security systems, modern parametric technologies should be 

employed that would allow the space around the basilica to be freed up. According 

to the concept of resilience, the structure to be introduced should be capable of 

adapting to changing conditions, as well as to either maintain or be able to quickly 

return to functionality after any disaster [11], [15], and in the case of suffering 

damage, it should not put human life and health at risk. This is why the design that 

illustrates the hypothesis features a light steel skeleton supported on a seismic 

isolation platform, with a facade finish composed of light timber elements. This 

form has been dictated by new visual and functional openings within St. Benedict's 

Square, its proportions, in turn, have been derived from individual elements of the 

narrow streets and buildings around the Square, thanks to which it will not be seen 

as controversial and can be positively received by Norcia's residents. 

 

Fig. 4 Analysis of facade proportions and passage width within the tissue of the 

town. a) window opening sizes of the buildings around St. Benedict's Square, b) 

analysis of the proportions between the height of the buildings and the width of 

streets; Source: © A. Rogulska 
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Fig. 5 Analysis of generally accessible spaces surrounding the basilica, inspired 

by Nolli's map of Rome from 1748; inaccessible spaces have been presented as 

solids. a) plan prior to the earthquake of 2016; b) plan after the earthquake, as 

seen in July 2019; c) estimated building accessibility after restoring the square; 

Source: © A. Rogulska 

Acknowledging the activity of the Order of St. Benedict in the city as 

particularly significant to the genius loci, it was assumed that new massings should 

feature three forms of use associated with it: a library, a Benedictine brewery 

(providing the monks with a source of income and allowing them to collect funds 

to rebuild the monastery and the church), as well as a religious function, in addition 

to securing the entrance to the crypt. This can give us a chance to maintain public 

functions in the strict centre of Norcia until the church of St. Benedict can be rebuilt. 

CONCLUSION 

The introduction of a temporary public building to the site of the church of St. 

Benedict gives us an opportunity to maintain public functions and retain the 

presence of residents in the historical town centre until the time of its proper 

reconstruction. Placing a clear focus on safety of use, the design sets research on 

the path towards new, parametric, customized systems of securing heritage 

substance. As the example in question has proven, contextual architecture, one that 

draws on a reading of its surroundings, can be a model for measures to be taken 

during the reconstruction of a city after an earthquake, one of its undeniable 

advantages being that it is less controversial than attempts at creating new 

temporary icons in the place of old ones and is less anonymous than prefabricated 

containers. Contextual architecture, one that begins with reading the place and that 

utilises the proportions of its surroundings, existing axes, passage widths, the sizes 

of openings featured by surrounding buildings, gives the residents of the city - who 

have such strong emotional ties with the figure of St. Benedict and the historical 

church - a signal that a temporary building is not invasive and respects the extant 

context. 
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THE ANALYSIS OF HIDEN FACTORS OF 

ARCHITECTURAL BARRIERS IN SOSNOWIEC 

MUNICIPIAL OFFICE FROM DISABLE PERSON POINT 

OF VIEW AS IMPORTANT FACTOR OF SUSTAINABLE 

ARCHITECTURE 

Assoc. Prof. Dr. Eng. Radosław Wolniak 

Silesian University of Technology, Poland  

ABSTRACT 

Sustainable architecture is important to minimize negative impact of building. 

In this paper we concentrate on the problem from people with disability point of 

view. For them one of must important factors of sustainable architecture in public 

space is the problem connected with architectural barriers. In presented paper we 

conducted an analysis of hidden factors of architectural barriers on example of 

municipal office in Sosnowiec in southern part of Poland. During the research we 

analyzed the needs of persons with disabilities (perceived quality) and their 

assessment in terms of the level of quality of services provided by the municipal 

offices. We analyzed twenty fourth variables connected with architectural barriers 

in the municipal office and its neighborhood. We analyzed following variables: 

office location (easy to reach), a sufficient number of parking spaces,  Z3 - parking 

spaces for the disabled near the entrance of the office, a clear marking of parking 

spaces for the disabled, watch for unauthorized persons occupying seats for the 

disabled, facilities for disabled people in the office, elevators for disabled guests, 

toilets suitable for disabled guests, handrails of the stairs, a system of ramps and 

ramps for the disabled, the doors have a width that allows entry wheelchair, anti-

slip floor, equal level thresholds and floors, pavement and curbs around the office 

adapted for the disabled, website provides information for people with disabilities, 

website readable for people with visual disabilities, officials are turning to people 

with hearing difficulties by means of a suitable device, officials are talking with a 

person of hearing in a separate room, the office's employee who knew sign 

language, officials can serve the customers with guide dog, the office is equipped 

with a special frame to allow signing a document, the visually handicapped person 

allows the presence of a trusted person who acquainted her with the content of 

signed documents, the city council does not contain architectural barriers hindering 

the movement of physically disabled person, an overall assessment of architectural 

barriers at the office. Next we conducted factor analysis to identify main hidden 

factors of architectural barriers.  

Keywords: sustainable architecture architectural barriers, disability, 

municipal office, public space, smart city 
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INTRODUCTION 

Problems connected with good municipal space planning are nowadays very 

important form people with disability point of view [2], [5], [6], [8], [10]. They are 

a part of sustainable architecture which should not only seek to minimize the 

negative impact of buildings by efficiency and moderation in the use of materials, 

energy and development space but minimize negative social impact of public 

architecture especially from the peoples with disability point of view.  

Issues concerning the investigation of the needs of people with disabilities and 

incorporate these needs into practice management administration in smart city (as 

well as businesses) are increasingly present in modern management. The concept 

take into account the specific needs of people with disabilities in managing 

organizations, among others occur in the concept of sustainable architecture [11], 

[12], [13], [14]. 

One of the major factors hindering the functioning of persons with disabilities 

in the public space are all kinds of architectural barriers impede their movement and 

current operation. In terms of measuring the level of customer satisfaction regarding 

this issue, you can use a variety of methods, among other things, such as Servqual  

or CSI.  Initially, these methods have been used as a universal independently from 

the test type of service, but now increasingly emphasizes the need to maintain an 

appropriate approach depending on the type of service. In addition, a special 

approach also requires an examination of the quality of service as perceived by 

people with disabilities, because in many cases, such people believe to be important 

factors that are ignored or unnoticed by those in full working order [1], [3], [4], [7], 

[9], [15]. 

There are two main aims of the paper: 

• to identify hidden factors of service quality connected with 

architectural barriers on example of municipal office, 

• to analyse what are differences between identified factors and 

classical SERQVUAL model. 

We are interested if in the case problems connected with architectural barriers 

we can use classical SERVQUAL factors if we want to identify the service quality 

or we should to conduct our own analysis to do the hidden factors identifications by 

ourselves. 

MATERIAL AND METHODS  

During the research we analyzed the needs of persons with disabilities 

(perceived quality) and their assessment in terms of the level of quality of services 

provided by the city hall. This publication focuses on issues concerning 

architectural barriers occurring in the city office in Sosnowiec. In addition, also 

included issues related to designing a website in such a way as to match the needs 

of people with disabilities.  

The study was conducted on a sample of 80 people with disabilities using the 

services of the municipal authority in Sosnowiec. In the research process were taken 
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into account 25 the following variables connected with problems concerning 

architectural barriers: 

• Z1 - office location (easy to reach), 

• Z2 - a sufficient number of parking spaces, 

• Z3 - parking spaces for the disabled near the entrance of the office, 

• Z4 - a clear marking of parking spaces for the disabled, 

• Z5 - watch for unauthorized persons occupying parking places for the 

disabled, 

• Z6 - facilities for disabled people in the office, 

• Z7 - elevators for disabled guests, 

• Z8 - toilets suitable for disabled guests, 

• Z9 - handrails of the stairs, 

• Z10 - a system of ramps for the disabled, 

• Z11 - the doors have a width that allows entry wheelchair, 

• Z12 - anti-slip floor, 

• Z13 - equal level thresholds and floors, 

• Z14 - pavement and curbs around the office adapted for the disabled, 

• Z15 - website provides information for people with disabilities, 

• Z16 - website readable for people with visual disabilities, 

• Z17 - officials are turning to people with hearing difficulties by means 

of a suitable device, 

• Z18 - officials are talking with a person of hearing in a separate room, 

• Z19 - the office's employee who knew sign language, 

• Z20 - officials can serve the customers with guide dog, 

• Z21 - the office is equipped with a special frame to allow signing a 

document, 

• Z22 - the visually handicapped person allows the presence of a trusted 

person who acquainted her with the content of signed documents, 

• Z23 - the city council does not contain architectural barriers hindering 

the movement of physically disabled person, 

• Z24 - an overall assessment of architectural barriers at the office. 

RESULTS 

Taking into consideration the classic assumptions for conducting a factorial 

analysis the data fulfils Bartlett's sphericity test, Kaiser-Meyer-Olkin criterion and 

Cronbach’s alpha test.  
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Figure 1. Cattle scree plot – architectural barriers – City Office in 

Świętochłowice 

Source: Author’s own research. 

Fulfilment of the tests provides a basis for applying a factorial analysis. For 

this purpose, Kaiser’s criterion and Cattell’s scree test have been used (Figure 1). 

Application of both above mentioned criteria suggests that maximally four factors 

are left. The identified hidden factors explain the total of 68% of variability. Table 

1 presents the matrix of factor loadings (factors were subjected to rotation by 

harmonized Varimax method).  Factor loadings assigned to a particular factor have 

been bolded.  
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Table 1. Identification of hidden factors for architectural barriers  perceived 

quality – City Office in Sosnowiec 

Variables Factor 1 Factor 2 Factor 3 Factor 4 

Z1 0,39 0,37 0,03 0,30 

Z2 0,21 0,75 0,14 0,06 

Z3 0,22 0,79 0,14 0,15 

Z4 0,07 0,57 0,18 0,43 

Z5 0,14 0,73 0,19 0,11 

Z6 0,12 0,17 0,18 0,75 

Z7 0,38 0,44 -0,07 0,45 

Z8 0,59 0,39 -0,09 0,37 

Z9 0,57 0,03 0,22 0,39 

Z10 0,67 0,07 0,17 0,25 

Z11 0,68 0,13 0,10 0,30 

Z12 0,68 0,26 0,29 -0,11 

Z13 0,72 0,27 0,21 0,02 

Z14 0,44 0,39 0,45 0,03 

Z15 0,31 0,27 0,61 0,21 

Z16 0,09 0,12 0,81 0,17 

Z17 0,22 0,10 0,17 0,67 

Z18 0,15 0,19 0,19 0,68 

Z19 0,12 0,27 0,18 0,57 

Z20 0,25 0,25 0,14 0,46 

Z21 0,17 0,15 0,15 0,49 

Z22 0,06 0,05 0,08 0,42 

Z23 0,05 0,05 0,04 0,52 

Z24 0,55 0,31 -0,08 0,40 

Variance 

explained 
3,65 3,07 1,64 2,20 

Percentage 

share 
0,27 0,21 0,08 0,12 

Source: Author’s own research. 

DISCUSSION 

The sustainable architecture needs rules implementation needs to careful 

planning of municipal office and its surroundings to achieve easy access to it for 

persons with disabilities. Identified factors can be useful to measure the level of 

implementation sustainable development policy in the case of ensuring equal 

opportunity in access to public administration services. Identifying factors we could 

to know what is important from this point of view for clients with disability. 

On the basis of research result we can distinguish following hidden factors 

connected with architectural barriers perception by people with disability: 

• Main architectural facilities – the first factor account for 27% of 

variability and contains following eight variables: office location, 

toilets suitable for disable guests, handrails of the stairs, a system of 

ramps for the disabled, the doors have a width that allows entry 
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wheelchair, anti slip floor, equal level thresholds and floors, an overall 

assessment of architectural barriers at the office. 

• Parking places for the disables – the factor accounts for 21% of 

variability and consist of four variables. It includes variables related 

to the number of parking places in the vicinity of the office, the 

location of parking spaces near the office entrance, clear marking of 

parking places for the disabled and making sure that parking places 

for the disabled are not occupied by unauthorised persons. 

• The surrounding of the office and the website – the third factors 

explains 8% of variability and consist of three variables. There are 

among them: pavements and curbs abound office adapted for the 

disabled, website provides information for people with disabilities, 

website readable for people with visual disabilities 

• Other facilities for the disables – factors consist of night variables 

and accounts for 12% of variability. The factor consist of following 

variables: facilities for disables people in the office, elevators for 

disables guests, officials are turning to people with hearing difficulties 

by means of suitable device, officials can serve the customers with 

guide dog, the office is equipped with special frame to allow signing 

a document, the visually handicapped person allows the presence of a 

trusted person who acquainted her with the content of signed 

documents, the city council does not contain architectural barriers 

hindering the movement of physically disabled person. 

In the figure 2 there is an illustration of four hidden factors consisting on 

architectural barriers perception by customers with disability in municipal office. 

Figure. 2. The factors for the architectonical barriers perception by people with 

disability in municipal office. 

Source: Author’s own research. 

Factors identified in our research suggest that they ate not the same as in typical 

SERVQUAL conception. In the figure 3 we described interlinks between identified 

factors in the case of the architectonical perception by people with disability in 

municipal office and the classical conception of five service quality factors: 

reliability, assurance, tangibles, empathy, responsiveness. 

Architectonical bariers 

Main architectural facilities 

Parking places for the disables  

The surrounding of the office and the 

vebside  

Other facilities for the disables  
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The analysis of the mentioned relations suggest that is not possible to use 

classical SERVQUAL concept to analyse so specific problem as perceived quality 

service connected with architectonical barriers in municipal office perceived by 

people with disability. There are so many interlinks between factors that in some 

cases: (parking spaces for disables and other facilities for the disables) particular 

factor connects with all classical SERVQUAL factor. We think that in so specific 

problem that is a need to do special factor analysis to identify hidden factors for 

particular problem and next to measure all variables connected with it. It’s not wise 

to use classical factors to measure quality service level in such a case.  

In our analysis we found many specific factors. Especially interesting is that 

problems connected with parking spaces for disabled formed own independent 

factor. Problem is very important especially for persons with  

 

Figure. 3. Links between the factors for the architectonical barriers perception by 

people with disability in municipal office and classical five SERVQUAL quality of 

service factors. 

Source: Author’s own research 

CONCLUSION  

On the basis of the research conducted on the example of municipal office in 

Sosnowiec we identify four hidden factors connected with architectural barriers 

aspects of quality of service in municipal offices. According our analysis we can 

distinguish following factors of architectural barriers of perception by peoples with 

disability: main architectural facilities, parking spaces for the disables, the 

surrounding of the office and the website, other facilities for the disables. 

Comparing those factors with classical SERVQUAL quality of service factors 

(reliability, assurance, tangibles, empathy and responsiveness) we can say that in so 

Reliability 

Main architectural 

facilities 

Parking places for the 

disables  

The surrounding of the office 

and the vebside  

Other facilities for the 

disables  

Assurance 
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specific problems as described in the paper connected with architectural barriers the 

classical SERQVUAL factor division is not useful. When we want to measure 

service quality we should first conduct our own analysis to identify factors 

occurring in particular problem. Basing on these identified factors next we can 

conduct measurement of service quality.  

Presented conception and hidden factor identification can be useful in 

sustainable architecture planning process which is used in widespread conception 

of smart city. When we want to project smart city municipal space we should 

remember to adjust it to the people with disability needs. To do it we should use 

identified factors to measure the people with disability needs and then include 

results of the analysis into architectural projects. 

The main limitation of the paper is that analysis was conducted on example of 

only one municipal office – Sosnowiec. In the future we can conduct analysis on 

the bigger sample to achieve better identification of hidden factors.  
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ABSTRACT 

The paper concentrate on problems connected with problems of peoples with 

disability. The main aims of the paper is to measure the level of quality of service 

in the case of architectural barriers in municipal offices by peoples in disability. We 

made following hypothesis: the types of disability significantly affects the 

perception of quality of services in municipal office regarding architectural barrier. 

The problem of satisfaction of people with disability in the case of architectural 

barriers in municipal office in Sosnowiec was analyzed from type of disability point 

of view. We distinguished five main types of disability in the paper: sensory 

impairment – a lack, damage or disorder of sensory analysers’ function (this 

category includes the blind, the visually impaired, the deaf, hard of hearing persons 

and people with visual and auditory perception disorders); intellectual impairment 

– mental retardation; social functioning impairment – disorders of neural and 

emotional balance; communication impairment – hindered verbal contact (speech 

impediments, autism, stammering); motor impairment – people with motor organ 

dysfunction. On the basis of that are discussed in this publication the research, we 

can conclude that the overall assessment of architectural barriers for people with 

disabilities is as in the case of the Municipal Office in Sosnowiec at an average 

level. The problems focus mainly on matters of specialized service selected groups 

of customers with disabilities who require further elaboration. Another type of 

problem is to issue a limited number of parking spaces for the disabled, but for 

objective reasons, it will be difficult to solve. Also we can say that the assessment 

of the architectural barriers by peoples with various types of disability vary 

significantly. The architectural barriers are the problem especially for people with 

motor disabilities – those persons are going to municipal office often and because 

of type of their disability barriers within the office and near the office is the big 

problem for them. The results are supporting the hypothesis that the type of 

disability affects perception of architectural barriers by peoples with disabilities. 

Keywords: sustainable architecture architectural barriers, disability, 

municipal office, public space, smart city 

INTRODUCTION 

The implementation of smart city conception and sustainable architecture can 

be useful to achieve good development of public space to fulfil needs of people with 

disabilities. Technological innovations can empower individuals with disabilities 

by becoming their tool of independence [2], [3], [4].  
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The word barrier comes from French (barriere) and means an obstacle. Barriers 

for people with disabilities are all obstacles or restrictions that they face in their 

daily lives. They are all the limitations that lower the independence of people with 

disabilities. People with disabilities are a group in society that is very diverse in 

terms of the type and degree of disability, therefore different barriers limit people 

with disabilities to varying degrees. Among the barriers – limitations affecting the 

functioning of people with disabilities – we distinguish natural, economic, physical, 

educational barriers, employment barriers, infrastructural, material as well as 

mental and psychological barriers [1], [5], [6], [9], [10], [11], [12], [13], [14]. 

Infrastructural barriers are those that directly affect the life and functioning of 

people with disabilities. People with disabilities with low and medium level of 

disability must handle certain official matters, which is why it is important that all 

public facilities are adapted to the needs of persons with disabilities. Lack of 

facilities for the disabled may be related to the distribution of social and technical 

infrastructure in the surroundings. Most disabled people must use municipal offices, 

so it is important that those offices have adequate facilities in the form of parking 

spaces for people with disabilities directly in front of their entrance or toilets 

adjusted to the needs of disabled people. Similar facilities should also be found in 

other places: theatres, museums, cinemas, hospitals, outpatient clinics, shops, etc 

[7], [8], [9], [15].  

The main aims of the paper is to measure the level of quality of service in the 

case of architectural barriers in municipal offices by peoples in disability. 

We have made following hypothesis: 

• The types of disability significantly affects the perception of quality 

of services in municipal office regarding architectural barrier. 

MATERIAL AND METHODS  

In this publication the results of studies on disabled persons’ evaluation of 

architectural barriers in municipal offices in Sosnowiec have been presented. The 

study was conducted on a sample of 80 people with disabilities using the services 

of the municipal authority in Sosnowiec. In the research process were taken into 

account 25 the following variables connected with problems concerning 

architectural barriers: 

• Z1 - office location (easy to reach), 

• Z2 - a sufficient number of parking spaces, 

• Z3 - parking spaces for the disabled near the entrance of the office, 

• Z4 - a clear marking of parking spaces for the disabled, 

• Z5 - watch for unauthorized persons occupying parking places for the 

disabled, 

• Z6 - facilities for disabled people in the office, 

• Z7 - elevators for disabled guests, 

• Z8 - toilets suitable for disabled guests, 

• Z9 - handrails of the stairs, 
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• Z10 - a system of ramps for the disabled, 

• Z11 - the doors have a width that allows entry wheelchair, 

• Z12 - anti-slip floor, 

• Z13 - equal level thresholds and floors, 

• Z14 - pavement and curbs around the office adapted for the disabled, 

• Z15 - website provides information for people with disabilities, 

• Z16 - website readable for people with visual disabilities, 

• Z17 - officials are turning to people with hearing difficulties by means 

of a suitable device, 

• Z18 - officials are talking with a person of hearing in a separate room, 

• Z19 - the office's employee who knew sign language, 

• Z20 - officials can serve the customers with guide dog, 

• Z21 - the office is equipped with a special frame to allow signing a 

document, 

• Z22 - the visually handicapped person allows the presence of a trusted 

person who acquainted her with the content of signed documents, 

• Z23 - the city council does not contain architectural barriers hindering 

the movement of physically disabled person, 

• Z24 - an overall assessment of architectural barriers at the office. 

All variables regarding architectural barriers were evaluated on 1-7 Likert 

scale, where in the case of expected quality 1 means that a given variable is 

completely irrelevant, whereas 7 means that it is very important; on the other hand, 

in the case of perceived quality 1 means that a particular variable is performed by 

the municipal office on a very bad level, while 7 means that its level is very good.  

The analysis of the research results was conducted by different quantitative 

methods for statistical data analysis. Calculations for the needs of the publications 

were made by means of Excel spreadsheet and Statistica 13.3 package, used on the 

basis of a licence owned by the Silesian University of Technology. 

In the conducted investigations five types of disability have been distinguished:  

• sensory impairment – a lack, damage or disorder of sensory analysers’ 

function (this category includes the blind, the visually impaired, the 

deaf, hard of hearing persons and people with visual and auditory 

perception disorders);  

• intellectual impairment – mental retardation;  

• social functioning impairment – disorders of neural and emotional 

balance –;  

• communication impairment – hindered verbal contact (speech 

impediments, autism, stammering);  

• motor impairment – people with motor organ dysfunction. 
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RESULTS 

Figure 1 summarizes the results of research on the perception of architectural 

barriers for people with disabilities using the services of the municipal authority 

in Sosnowiec. 

 

Figure 1. Cattle scree plot – architectural barriers – City Office in 

Świętochłowice 

Source: Author’s own research. 

Analysis of the test results, leads to the conclusion that the 7-point scale 

architectural barriers have been evaluated at between 4 and 6. For the best rated 

(assessed more than 5.3) architectural barriers in Sosnowiec we can include:  

• handrails of the stairs (5,78); 

• toilets suitable for disabled guests (5,47); 
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• an overall assessment of architectural barriers hindering the 

movement od physically disabled person (5,43); 

• office location (5,39); 

• parking spaces for disabled near the entrance of the office 

(5,39)facilities for disabled people in the office (5,39); 

• elevator for disabled guests (5,39). 

In the case of sustainable building and planning public space we should to pay 

special attention to those problems which were rated worst. Especially important 

are those rated below 4.5. Among them there are: 

• the office’s employee who knew sign language (4,11); 

• anti-slip flor (4,23); 

• a sufficient number of parking spaces (4,29); 

• officials are talking with a person of hearing impairment in a separate 

room (4,39); 

• the office is equipped with special frame to allow signing a document 

(4,35); 

• officials are turning to people with hearing difficulties by means of a 

suitable device (4,35). 

DISCUSSION 

The research shows that the biggest problems relate to matters of specialist 

services offered by the municipal city office: sign language knowledge by 

municipal office staff, talking with the disable persons with hearing impairment in 

separate room and using in this case special devices. Other problem from that group 

is anti-slip floor. Those problems are rather easy to resolve because we need only 

money to buy sufficient equipment or send person to training of sign language.  

Another serious problem is the question concerning the number of parking 

spaces. This problem, however, is more difficult to solve because parking places in 

the city centre are expensive and the office is not possible to substantially increase 

their numbers. Also the clients are satisfied because the parking spaces are near the 

office entrance. It’s almost impossible to have parking places for people with 

disabilities near the office building and have the sufficient number of them. 

However, it is worth noting that if you test whether or not they are occupied by 

persons not entitled, the office is relatively highly valued by disabled customers. 

Table 1 presents a list of results of the conducted studies regarding architectural 

barriers divided into particular types of disability. On the basis of statistical 

significance α=0,01 using an ANOVA Kruskall-Wallis test,  statistically significant 

differences were found between all the analysed variables. The results concerning 

the division into types of disability suggest that in many cases the issues are 

evaluated the worst by people with motor impairment (average 4,66). Also the 

assessment is bad in the case of people with intellectual impairment (average 4,87).. 
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Table 1. Evaluation of architectural barriers in Sosnowiec municipal office with a 

division into types of disability 
V

a
ri

a
b

le
s 

Type of disability 

Sensory 

impairment 

(N=12) 

Intellectual 

impairment 

(N=2) 

Social 

functioning 

impairment 
 (N=8) 

Communication 

impairment 

(N=7) 

Motor 

impair-ment 

(N=51) 

Z1 5,39 5,47 5,28 5,58 5,52 

Z2 4,29 4,38 4,20 5,15 4,40 

Z3 5,39 5,47 5,28 6,47 5,52 

Z4 5,28 5,36 5,17 6,34 5,41 

Z5 4,86 4,93 4,76 5,03 4,98 

Z6 5,39 5,47 5,28 5,58 5,52 

Z7 5,39 5,47 5,28 5,58 5,52 

Z8 5,47 5,55 5,36 5,66 5,61 

Z9 5,78 5,87 5,66 5,98 5,92 

Z10 5,09 5,17 4,99 5,27 5,22 

Z11 5,21 5,29 5,11 5,39 5,34 

Z12 4,23 4,29 4,15 4,38 4,34 

Z13 5,29 5,37 5,18 5,48 5,42 

Z14 5,09 5,17 4,99 5,27 5,22 

Z15 4,86 4,93 4,76 5,03 4,98 

Z16 4,58 4,65 4,49 4,74 4,69 

Z17 4,35 4,42 4,26 4,50 4,46 

Z18 4,29 4,35 4,20 4,44 4,40 

Z19 4,11 4,17 4,03 4,25 4,21 

Z20 4,86 4,93 4,76 5,03 4,98 

Z21 4,35 4,42 4,26 4,50 4,46 

Z22 5,11 5,19 5,01 5,29 5,24 

Z23 5,29 5,37 5,18 5,48 5,42 

Z24 5,43 5,51 5,32 5,62 5,57 

A
v

er
a

g
e 

5,05 4,87 5,25 5,10 4,66 

Source: Author’s own study. 

On the base of the research we can say that the assessment of the architectural 

barriers by peoples with various types of disability vary significantly. The 

architectural barriers are the problem especially for people with motor disabilities 

– those persons are going to municipal office often and because of type of their 

disability barriers within the office and near the office is the big problem for them. 

The results are supporting the hypothesis that the type of disability affects 

perception of architectural barriers by peoples with disabilities.  

Especially they perceive as very important matters connected with parking 

spaces. They have difficulties to go to municipal office using public communication 
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and they want to park their car near municipal office near the building on special 

place for people with disability.  

CONCLUSION  

On the basis of that are discussed in this publication the research, we can 

conclude that the overall assessment of architectural barriers for people with 

disabilities is as in the case of the Municipal Office in Sosnowiec at an average 

level. The problems focus mainly on matters of specialized service selected groups 

of customers with disabilities who require further elaboration. Another type of 

problem is to issue a limited number of parking spaces for the disabled, but for 

objective reasons, it will be difficult to solve. 

The research also shows that the type of disability affects significantly on 

perception of architectural barriers in municipal offices. Especially clients with 

motor impairments type of disability perceive those problems as very important. 

For people with sensory impairment, social functioning impairment and 

communication impairment problems of architectural barriers are not so important.  

Also our research suggest that sustainable architecture can be a way to improve 

live of especially persons with motor impairment. Better planning of public space 

can allow better fulfilment for people with this type of disability in their quality of 

life. This assumption should be also considered in smart city conception 

development to adjust smart city space to those type of customers. 

The main limitation of the paper is that analysis was conducted on example of 

only one municipal office – Sosnowiec. In the future we can conduct analysis on 

the bigger sample to achieve better identification of hidden factors.  
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