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Abstract

:

Urban water systems are still in their infancy regarding the transition toward a circular economy, despite the sporadic successful examples worldwide. This paper was aimed at analyzing the preparedness of four water utilities in Bulgaria for the implementation of circular economy principles and solutions. These utilities provide water supply and sewerage services to about 30% of the population in Bulgaria. SWOT analysis was used as a core tool. Publicly available data such as nonrevenue water, pressure management, energy demand, network digitalization, and sludge utilization were used to explore the internal factors. The external environment was considered through the legislative and socioeconomic framework, climate change, etc. Finally, the credibility of the conclusions was verified in workshops with the water utilities. The key positive outcomes were that the external factors favor the shift to circular systems, while the major weakness, i.e., the aged infrastructure, is actually a good opportunity for the implementation of modern and circular solutions. The efficient collaboration of water utilities with other actors is a precondition for the development of a sustainable market for “circular” products.
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1. Introduction


The traditional linear economy usually characterized by “take–make–dispose” has resulted in substantial depletion of the natural resources and huge depositions of often nonbiodegradable wastes. The alternative approach is the circular economy where the industrial development is striving toward closing the loop between raw material input and waste, trying to simulate the unique cycles of nature for renewable water and energy sources and no waste piling.



The EU policy framework toward a circular economy is quickly developing. The first Circular Economy Action Plan was launched in 2015, followed by the second Action Plan in 2020 [1,2]. The latter supports the European Green Deal for the need to set up a circular economy in the industrial and agricultural sectors, in addition to the prioritization of investments in renewable energy sources and increasing the energy efficiency [3]. For an assessment of the progress of implementing a circular economy, the European Commission has developed a monitoring framework consisting of 10 indicators grouped into four thematic aspects of circular economy: (a) production and consumption, (b) waste management, (c) secondary raw materials, and (d) competitiveness and innovation [4]. Eurostat proposed the summary indicator “the circular material use rate” for evaluation of the circularity of different countries at a macroeconomic level, defined as “the contribution of recycled materials towards the overall use of materials” [5].



For example, the circularity rate in the EU is 12.8 in 2020, growing by 0.8 compared with 2019 and by 4.5 points compared with 2004—the first year with available data [5]. About 70% of EU countries, however, have a circularity rate below the average value of the EU. The Netherlands, France, Belgium, and Italy are the countries with the highest rates (30.9–21.6), while Bulgaria, Portugal, Ireland, and Romania have the lowest rates (2.6–1.3). On a global scale, the Circularity Gap Report 2020 concluded that Today, the global economy is only 8.6% circular—just two years ago, it was 9.1%” [6]. Despite the considerable EU and worldwide incentives boosting the implementation of a circular economy, the pace of progress is still slow.



Water supply and sanitation services play a key role in social and economic development. The processes of water intake, treatment, and distribution, as well as wastewater conveyance and treatment, uniquely integrate the flows of water, energy, and materials and provide remarkable opportunities for the implementation of circular solutions. Such solutions not only increase the value of water as a product but also increase the added value of water services, turning them into a source of green energy and valuable recycled materials for other economic sectors. Thus, water utilities have significant potential for increasing the circularity rate at a macroeconomic level [7,8].



A study of the International Water Association (IWA) presented a roadmap to the circular economy of the water utilities, outlining the state of the art of the potential circular solutions along the water, energy, and material pathways, the main drivers of the process, and the stakeholders that have to be involved in the process [9]. The reviewed circular economy solutions are summarized below.



	▪

	
The water pathway—upstream investments (e.g., solutions for the protection of water at the source resulting in fewer expenses for further treatment), rainwater harvesting, graywater recycling or reuse of (waste)water in agriculture and industry, utilization of reused water for potable needs, prevention of water leakages, and reduction in water consumption.




	▪

	
The materials pathway—increasing the resource efficiency within the treatment processes, sludge utilization for the production of goods (e.g., bioplastics and fertilizers), as input materials for other industries (e.g., paper production and building materials), or for the extraction of metals and minerals and extraction of gases (e.g., carbon dioxide, nitrogen ammonia, and methane) from wastewater effluent.




	▪

	
The energy pathway—increasing the energy efficiency of water supply and sewer systems, energy reduction and recovery of water within households, a yield of electricity from distribution systems, heat yield from sewer networks, utilization of sludge for energy production, and production of renewable energy (e.g., hydropower plants and solar panels).







The proposed circular solutions may be analyzed from another perspective. For instance, some of them are traditional approaches for increasing the efficiency of water supply and sewer services (e.g., water loss reduction, biogas production, energy demand reduction, and energy production by hydropower plants), while others have recently started real-scale applications (e.g., recovery of cellulose from municipal waste sludge and alginate production from granulated sludge). The new products from reused materials, the produced green energy, and the water to be reused need a sustainable market to cover the investments and operational expenses of the water operator; thus, it is essential the involvement of other economic sectors in the engine of circular economy of the water utilities. The household consumers also play a vital role through their behavior toward the efficiency of water and energy utilization, thus influencing the amount of drinking water consumption and/or wastewater discharged into the sewer network. This, however, may decrease the level of utilization of centralized services, which consequently affects the incomes of the water operators.



Thus, the water utilities, despite being an initiator and environment (or production site) for circular products, cannot be a solo player. An appropriate level of cooperation, behavior, and social awareness needs to be cultivated among the stakeholders to drive this process. Such key drivers are the consumers, the industrial sector and agriculture, the regulatory framework, the urban infrastructure, and the urban and basin economies [9]. Last but not the least, a more active role of the water utilities in the integrated resource management, the cooperation with research institutions for the development of innovative technologies, and educational initiatives for increasing the public awareness or incentives for the efficient use of water, as well as the application of new business models, can boost the progress toward a circular economy.



So far, worldwide, there are many successful examples of circular economy application to water utilities. For example, it is worth mentioning the successive circular economy approaches in the wastewater treatment plant (WWTP) of Apeldoorn, the Netherlands. The treatment plant delivers biogas for electricity and heating to a nearby residential area, produces struvite for agriculture, and has a large-scale installation for extraction of alginate from the sludge (https://www.dutchwatersector.com, accessed on 20 April 2022). The managing board also works actively with the government to change/adapt legislation to provide a market for “circular” products. The Veolia Group demonstrates large-scale innovative circular economy solutions focusing on water services, e.g., wastewater recycling, heat and electricity generation, or application of smart water metering for reduction of water leakages (https://www.veolia.com, accessed on 20 April 2022). An Israeli water case study reported that around 7% of the water is lost through conveyance and distribution to users, about 23% of the water is reused in agriculture, and about 86% of the treated water is recycled, which is the highest wastewater recycling rate in the world [10].



Although many other good examples can be found worldwide for successful circular economy solutions, recent studies evidence that, for many water utilities, the circular economy seems to still be a concept rather than a usual business with compatible solutions [11]. There remain different barriers (e.g., technological, regulatory, organizational, social, and economic) that have to be overcome by the WSSOs on their way to a circular economy [12].



The “circular” transition is neither a simple nor a quick process. A sound approach toward comprehensive adoption of the circular economy in the water sector requires a thorough analysis of the status quo as a first step. SWOT analysis is a well-acknowledged strategic planning tool. It helps identify and map the internal strengths and weaknesses of the business units and the external factors that may positively influence or hinder the meeting of the specific, predefined targets. The usefulness of SWOT analysis for strategic planning in the water field has been demonstrated in many studies [13,14,15,16]. However, none of the reviewed papers reported the application of SWOT analysis for revealing the readiness of water operators to shift urban water systems into circular ones.



This study develops an approach for the application of SWOT analysis as a first step in the strategic planning of water supply and sewerage operators (WSSOs) toward the transition to a circular economy. The study suggests a set of key performance indicators, which are publicly available and appropriate for the identification of strengths and weaknesses of the studied systems. The usefulness of the approach is demonstrated for four WSSOs in Bulgaria. The outcomes may be used as a benchmark in other studies.




2. Materials and Methods


An analysis of internal strengths (S) and weaknesses (W), as well as external opportunities (O) and threats (T), i.e., so-called SWOT analysis, was the core tool of this study.



The approach for this study consisted of four steps, presented in Figure 1.



Step 1: Selection of representative WSSOs



The selection was based on several criteria:




	
The population covered by the water supply and wastewater service.



	
The complexity of water supply and sewer systems—the type of the water sources, characteristics of the water supply and sewer networks, existing drinking water treatment plants (DWTPs) and urban wastewater treatment plants (UWWTPs), and sludge management approaches.



	
The form of ownership of the operator, e.g., state, municipal, or private ownership.








Step 2: Analysis of the internal environment (strengths and weaknesses) for each of the selected WSSOs.



The analysis encompassed those characteristics of the water supply and sewerage systems that may favor or create obstacles in the development of circular economy solutions. The information provided in the Business Plans for 2017–2021 of the selected WSSOs was studied in detail, as some issues were further discussed/clarified with the operational staff. The already existing “circular” technologies and approaches were emphasized. In order to provide an equal base for comparison, indicators such as the efficiency of water utilization, energy efficiency, and efficiency of materials utilization were analyzed in depth using the annual data of the WSSOs provided to the Regulator for the period 2017–2020. Together with the specific indicators for each of the studied WSSOs, whenever possible, information on the relevant average values of the indicators for specific groups of WSSOs in Bulgaria is provided.



The existing cooperation of the selected WSSOs with key stakeholders that may benefit from the ready for reuse products of the water utilities, as well as the cooperation with research institutions for the development of innovative solutions, was also analyzed.



Step 3: Analyses of the external environment (opportunities and threats)



The influence of the key external factors on the transition of the water utilities in Bulgaria toward a circular economy was analyzed. These are the regulatory framework, the climate change effects, the economic factors (i.e., the cost of water supply and sewerage services and the market for reused products), and the social factor concerning the trends of population development.



Step 4: Verification of SWOT analysis by WSSOs and summarizing the results



SWOT analyses developed for each of the selected WSSOs were presented and discussed with the managing board of three (out of four) selected WSSOs. The presentation to the fourth WSSO is forthcoming. On the basis of the SWOT analyses, a range of potential circular solutions that can be realized in short term were also discussed with each of the investigated WSSOs.



The common strengths, weaknesses, opportunities, and threats are summarized and presented below. The results are compared with other similar case studies.




3. Results


3.1. Step 1: Selection of Representative WSSOs


In Bulgaria, using statistical data as of 2020, 99.4% of the population is connected to a centralized water supply, while the centralized sewer collection covers 76.3% of the population, with 66.3% also connected to wastewater treatment (www.nsi.bg, accessed on 2 May 2022). At present, there are 45 water supply and sewerage operators (WSSOs), each one operating in a specific region of the country and providing both water supply and sewerage services. The operators are categorized into four groups by the Energy and Water Regulatory Commission (shortly named herewith the Regulator), as a function of the serviced population, the water amount entering the water supply system, and the revenues of the provided services [17]:




	
10 big WSSOs serving about 59% of the population.



	
18 medium WSSOs serving about 35% of the population.



	
10 small WSSOs serving about 5% of the population.



	
seven micro WSSOs serving about 1% of the population.








All the big and medium WSSOs were initially screened according to the defined criteria in step 1 of the methodology. Four WSSOs were selected:




	
two big WSSOs—ViK Burgas and Sofiyska Voda.



	
two medium WSSOs—ViK Blagoevgrad and ViK Pernik.








The location of the services of the selected WSSOs is shown in Figure 2. Table 1 presents some key data for each of the WSSOs [17,18,19,20,21]. It has to be noted that, in 2020, ViK Blagoevgrad annexed ViK Petrich (a small WSSO) and became a big operator. Since the analyses encompass the period 2017–2020, however, ViK Blagoevgrad was considered a medium operator.



Each of the selected WSSOs also has some unique features:




	
ViK Burgas—the water supply infrastructure is one of the longest in the country, also providing water to the neighboring Varna District. The serviced area is with intensive tourist activities in the summer, as the number of tourists exceeds several times the number of residents.



	
Sofiyska Voda services Sofia capital—the most developed region in Bulgaria, with the highest concentration of both population and economic activities. Sofiyska Voda is a part of the international Veolia Group.



	
ViK Blagoevgrad services mountainous area with many river intakes with significant seasonal variations of water quality and flow. A substantial part of the population lives in small villages with a lower living standard compared to the urbanized areas.



	
The ViK Pernik serviced area neighbors that of Sofiyska Voda. It, however, has a lower rate of social and economic development. In 2019–2020, Pernik suffered from severe water shortage due to insufficient water volume in the main water source—Studena Dam.








The selected WSSOs provide water supply and sewerage services to about 30% of the population in Bulgaria.




3.2. Step 2: Analysis of the Internal Environment (Strengths and Weaknesses) of the Selected WSSOs for Applying Circular Economy


3.2.1. Condition of the Water Supply and Sewerage Infrastructure


Most of the water supply systems were installed between 1940 and 1960. At present, asbestos cement (AC) pipes are still predominant, representing 63% of the trunk mains and 60% of the distribution networks in ViK Blagoevgrad [18], and 45% of the trunk mains and 60% of the distribution networks in ViK Burgas [19]. ViK Pernik also has a significant percentage of AC pipes. The lowest share is reported by Sofiyska Voda—around 20%. The bad condition of the pipes is reflected in frequent failures, as shown in Figure 3 [17,22,23,24].



The long-term target set by the Regulator of 60 failures per 100 km pipes per year seems to be reached only by ViK Burgas, although an increasing trend of failures can be observed. The number of failures for ViK Pernik is the highest among the investigated WSSOs, also much higher than the average reported rates for the group of medium operators.



The sewer systems are mostly in the towns and are of the combined type, while villages rely on decentralized solutions. The majority of the collectors are 50–80 years old. Most of the collecting systems were extended and rehabilitated after 2013 in order to fulfill the requirements of Directive 91/271/EEC, as the activities were co-financed by the EU Cohesion Fund. One of the most significant problems concerning the sewer networks is the infiltration/exfiltration. The selected WSSOs could not specify a credible percentage, but the relatively low organic load and relatively high hydraulic load at the inlet of the UWWTPs prompt suggest the share of infiltration is significant. In addition, some collectors have no sufficient hydraulic capacity and increase the risk of local floodings during storm events. The number of such complaints for the investigated period was in the range of 0.08 to 0.15 per 10,000 population for Sofyiska voda, 0.30 to 0.41 for ViK Burgas, 0.60 to 0.86 for ViK Blagoevgrad, and 0.12 to 0.60 for ViK Pernik accordingly [17,22,23,24].



The existing DWTPs have conventional treatment schemes for the removal of turbidity and color. The main treatment process is rapid sand filtration, while some DWTPs also have a settling/clarification stage before filtration. Most of the DWTPs were constructed between 1970 and 1995. The quality of treated water is in compliance with the requirements of the EU Directive 98/83/EEC on the quality of water intended for human consumption. It is not clear, however, to what extent the existing technological schemes will be able to comply with the more stringent water quality requirements of the new drinking water directive (EU Directive 2020/2184/EC). The monitoring of the newly introduced water quality parameters, set by the directive, has not yet started.



The existing WWTPs are conventional with mechanical and biological treatment stages. Nutrient removal is also included depending on the size of the agglomeration. The approaches for sludge stabilization are aerobic stabilization in the smaller UWWTPs operated by ViK Burgas and ViK Blagoevgrad and open-air anaerobic stabilization in the bigger plants serving the central towns of the districts (UWWTP Burgas, UWWP Pernik, UWWTP Blagoevgrad) or anaerobic digestion with methane tanks in UWWTP Kubratovo operated by Sofiyska Voda. It has to be noted that there are methane tanks in UWWTP Burgas and UWWTP Pernik, but the structural condition is very bad, and, for a long time, they have been operated as open-air digesters. Currently, both ViK Pernik and ViK Burgas are beneficiaries of projects co-financed by the EU Cohesion Fund. In UWWTP Burgas a new methane tank and a sludge drying facility will be constructed. The latter will also dry sludge from the neighboring treatment plants in the serviced area. The sludge in UWWTP Pernik will be aerobically digested. A new, additional methane tank and converters were recently constructed and put into operation at UWWTP Kubratovo (Sofiyska Voda, Sofia, Bulgaria).



All operators develop and continuously extend the systems for control and data acquisition (SCADAs). Currently, they encompass mostly the water supply networks (e.g., distant control of pumping stations, water levels in key reservoirs, control of flowmeters, and pressure regulators). SCADA systems are partially implemented in the sewer networks of ViK Burgas and Sofiyska Voda, mostly for the operation of the sewer pumping stations. Sofiyska Voda is a step ahead, also including SCADAs for water quality monitoring in the distribution network and for monitoring of hydraulic and wastewater quality parameters at key points of the sewer network. A SCADA system for control of the main processes in DWTPs is almost completed in Sofiyska Voda, and it is partially developed in the DWTPs operated by ViK Burgas. There is an ongoing project for SCADA implementation in DWTP Blagoevgrad and DWTP Pernik; the latter is in process of complete renovation. SCADAs are well developed in almost all UWWTPs covering the key treatment processes. WWTP Pernik and WWTP Burgas are currently in the process of complete renovation, including SCADA implementation.



The establishment of certain types of registers and databases facilitates data processing and enables outlining of trends and deficiencies of system operation. The WSSOs maintain different types of registers, e.g., register of failures, register of consumer complaints, and WWTP sludge register. In addition, Sofiyska Voda has fully implemented a GIS register of the water supply and sewerage networks, ViK Blagoevgarad has almost completed one, and ViK Burgas and ViK Pernik are at the initial stage of development [17]. All operators maintain different types of data, e.g., databases for water entering the water supply systems, for DWTP inlet flow, for WWTP inlet flow (not yet completed for ViK Burgas), and for the used energy. Sofiyska Voda is also maintaining a monitoring database of water meters along the network and for calculating the legal non-measured consumption.




3.2.2. Approaches Related to Circular Economy along the Water Pathway


The below approaches were identified in the selected WWSOs, in line with the IWA’s roadmap of circular solutions in water utilities [9].



	
Upstream measures for the protection of water sources






The protection of water quality sources from deterioration is a prime task for all the WSSOs, and sanitary protection zones have been established around all the main water supply sources.



There is, however, seasonal proliferation of blue-green algae in Iskar Dam, which provides about 75% of the drinking water to the Sofia capital. This phenomenon complicates the technological process of treatment in both DWTPs and results in higher water consumption for filter backwash. In 2021, Sofiyska Voda installed a floating LG Sonic buoy with an ultrasonic device and real-time monitoring sensors for several water quality parameters including phytocyanin and chlorophyll a. The facility transfers the data to a web-based software, which makes prognoses and remotely controls the ultrasonic technology for algae regulation. The introduction of this technology is in the framework of the Aqua3S project (https://aqua3s.eu, accessed on 29 November 2021).



An early alarm system was installed at the river intakes of ViK Blagoevgrad to protect the DWTP Blagoevgrad from extreme turbidity events. Usually, the turbidity is low (0.5 to 5 NTU); however, during rainfall events, it may change briefly to above 500 NTU. The alarm system allows diverting the highly polluted flow from the DWTP Blagoevgrad (usually for 1 to 3 h) without affecting the continuous water supply to the city, since the storage capacity of the pressure reservoirs is utilized.



	
Control and prevention of water leakages






Physical water leakages represent a serious problem for each water supply network, resulting in loss of drinking water and an increase in the energy demand for water intake, treatment, and distribution.



All the selected WSSOs have annual programs concerning leakage control, including both investment budgets for pipes replacement and soft measures. The latter includes active leakage control, water supply network zoning, the establishment of district metering and pressure regulation areas, and implementation of a supervisory control and data acquisition (SCADA) system for management of system operation [18,19,20,21]. The current rate of development of these measures is different for the different WSSOs, and the most advanced is Sofiyska Voda.



Real water losses are a part of the nonrevenue water (NRW); due to the lack of unified methodology in the EU for computation of physical leakages, the NRW, together with the number of failures along the water supply networks, usually serves as an indirect parameter for estimation of the significance of the problem of water leakages in the system [25,26]. The selected WSSOs have no sound conclusion on the share of the real water losses in the NRW. According to expert estimation, however, they are the biggest component of the NRW and may account for over 70% of it. A study assessing the real water losses for the WSSO in the town of Vidin, Bulgaria reached a similar value, i.e., real water losses of about 80% of the NRW [27].



The percentage rate of NRW, defined as the ratio between the NRW and the water entering the water supply systems is used as an indicator of the quality of the water supply service in Bulgaria. Through the efforts demonstrated by the selected WSSOs, Figure 4 shows that the current results are still unsatisfactory [17,22,23,24].



The Regulator set a long-term target value of 49% NRW for all the Bulgarian WSSOs [17]. Sofiyska Voda has the lowest NRW rate and has reached the long-term target value. ViK Burgas maintains relatively constant rates, while ViK Blagoevgrad has a progressive trend of decrease, but is still quite distant from the long-term target. The most problematic is ViK Pernik with a stable trend of increasing NRW rate. The average NRW rates for the groups of big and medium WSSOs in Bulgaria are also quite distant from the target value.



The pressure management is another measure closely related to the control and prevention of leakages. The rate of development of pressure management in Bulgaria is assessed through a criterion determined by the ratio between the number of water metering zones having continuous flow and pressure measurements at the inlet and outlet of the zone (including measuring the pressure at a critical point of the zone) and the total number of water measuring zones. Figure 5 presents the results for the investigated operators and the corresponding average rates for the groups of big and medium operators [17,22,23,24].



The long-term target set by the Regulator is 100%. The pressure management of ViK Burgas, ViK Blagoevgrad, and ViK Pernik is quite distant from the target, although the first two operators show a trend of increase. A similar conclusion can be made for the average rates of the groups of big and medium WSSOs. Sofiyska Voda is a good example of the positive effect of pressure management and a well-developed SCADA system on the rate of the NRW.




3.2.3. Approaches Related to Circular Economy along the Energy Pathway


	
Water power utilization for energy production






Hydropower plants (HPPs) utilizing the power of water on the way to the drinking water systems are installed on the water way to the water supply systems of all WSSOs. There are seven HPPs (in total 6 MW) on the water way from Blagoevgradska Bistritza River to Blagoevgrad, one HPP (1.3 MW) on the water way from Kamchia Dam to Burgas, one HPP (0.82 MW) on the water way from Studena Dam to Pernik, two HPPs (in total 53 MW) on the water way from Iskar Dam to Sofia, and three HPPs (in total 31 MW) on the water way Beli Iskar Dam to Sofia [28,29]. The existing HPPs, however, are not owned by the WSSOs, except for HPP Studena, owned by ViK Pernik. The produced energy is sold to the regional electrical operator and not directly used to cover the energy needs of ViK Pernik.



Sofiyska Voda applies an innovative approach for energy yield along the water distribution network through the installation of microturbines. The produced energy makes possible the operation of the pressure regulators and data loggers in the zones where there is no other source of energy [21].



	
Overall energy efficiency of the water supply and sewerage networks






There are two indicators for energy efficiency concerning the water supply and sewer services in Bulgaria: (a) the energy demand for water intake, treatment, and distribution per cubic meter of water at the inlet of the water supply systems, and (b) the energy demand per cubic treated wastewater. Figure 6 and Figure 7 present the results for the investigated WSSOs, as well as the corresponding average values for the group of big and medium WSSOs [17,22,23,24].



The performance of the different operators cannot be compared, since each water supply system is unique, and the energy demand is a result of many factors (e.g., terrain, pumps availability, treatment characteristics, leakages control, and pressure management). It can be noted, however, the great advantage of the gravitational water supply systems (ViK Sofiyska voda, ViK Blagoevrad) compared to those where part of the water is delivered by pumps (ViK Burgas, ViK Pernik). All the WSSOs invest in the modernization of the pump aggregates and the installation of frequency controllers. The performance of the selected WSSOs seems to be quite good compared to the corresponding average values for the groups of medium and big operators.



In ViK Burgas, a tendency of increase in energy demand for water supply can be observed. In discussion with the operating staff, it was clarified that 2018, 2019, and 2020 were droughty years, which significantly affected the available capacity in the main water source—Kamchia Dam, almost reaching the dead volume. This necessitated taking water from lower horizons with higher turbidity, resulting in a more frequent backwash of the filters. Pumping water from local alternative water sources was also necessary. These measures resulted in higher energy demand per cubic drinking water.



The selected WSSOs operate a different number of UWWTPs with different capacity and technological schemes. Obviously, ViK Burgas has the highest demand for energy, but it also operates the highest number of WWTPs with different sizes, most of them with high seasonal variation of load due to tourist activities. There is also no energy yielding sludge digestion. As mentioned above, only UWWTP Kubratovo (Sofiyska Voda) has methane tanks and converts the biogas into electrical energy. The produced energy covers the needs of the treatment plant; since 2014, UWWTP Kubratovo has been energy-independent. In 2019–2020, Sofiyska Voda launched the rehabilitation of one of the existing methane tanks and the construction of a new one. Therefore, the methane production was not optimal in this period and the energy demand per cubic meter of treated wastewater should be regarded as indicative only for the period.




3.2.4. Approaches Related to Circular Economy along the Materials Pathway


This aspect seems to be least considered in the investigated WSSOs. It is limited to approaches for utilization of the stabilized sludge either in agriculture as fertilizer or for recultivation of disturbed terrains. At present, Sofiyska Voda utilizes 100% of the sludge in agriculture. Partial sludge utilization is reached in ViK Burgas (76.44%) and ViK Blagoevgrad (87%), again for agriculture or terrain recultivation [17].The rest of the sludge is usually deposited within the UWWTP’s sites for temporary storage. There is no sludge utilization at ViK Pernik due to problems with sludge quality (i.e., presence of arsenic).




3.2.5. Communication and Cooperation with Other Stakeholders or Research Institutions


The surveyed WSSOs conduct periodic polls among customers in order to improve their service. Sofiyska Voda also includes questions related to water saving by consumers. For example, in the poll for preparation of the business plan for the period 2017–2021, about 63% of the interviewed 800 households in Sofia declared that they take measures for optimizing water utilization [21]. The measures can be summarized as follows: decrease in unnecessary water consumption (74.6%), replacement of old pipes (52.2%), replacement of household water facilities with more water-efficient ones (21.1%), and others (1.2%). Concerning the other investigated WSSOs, the communication with the customers seems to be focused exclusively on the quality of the provided services by the operators.



Sofiyska Voda participates actively in scientific projects. For the investigated period, the operator was a partner in a project INNOVA P-recovery for the extraction of phosphate from UWWTP sludge, financed within the framework of the Bulgarian–Swiss Research Program. On the basis of the data from a 1 year investigation, it was estimated that about 170–250 tons of recovered phosphorus per year can be achieved through sludge incineration and subsequent P-recovery technology [30]. Sofiyska Voda also collaborates with researchers for the development of methods for increasing the efficiency of biogas production, e.g., through fluorescence in situ hybridization analysis of the structure of the microbial communities in the digesters [31]. Sofiyska Voda is also an associate partner in the Clean and Circle project (https://www.clean-circle.eu/, accessed on 2 May 2022) in the framework of which this study was developed. After presenting the SWOT analysis, the managers of Sofiyska Voda are interested in launching investigations for the reuse of filter backwash water in the DWTPs, as well as application of green roofs to decrease and retardation of stormwater runoff to further increase the efficiency of the biogas yield. Furthermore, the effluent of Sofiyska Voda WWTP Kubratovo was experimentally studied for the possibility of the application of post-treatment with algae-based bioreactors—a circular solution technology that has emerging economic and ecological potential [32,33]. Sludge and wastewater from UWWTPs operated by ViK Burgas were studied concerning P-recovery through the production of struvite [34,35], The cooperation of the remaining selected WSSOs with research institutions needs to be intensified in the future.




3.2.6. Identified Strengths and Weaknesses


According to the collected information, strengths and weaknesses for each of the investigated WSSO were identified.



Strengths



	
The WSSOs have already implemented circular solutions, although they are mostly conventional, targeting efficiency of water use through the decrease in NRW, green energy yield (HPPs, biogas), and/or sludge application in agriculture.






The WSSOs apply a set of qualitative and quantifiable indicators (NRW rate, pressure management rate, energy efficiency rate, and sludge utilization rate) which are closely related to the circular economy concept of increasing the product’s value.



	
SCADA systems have been implemented and are continuously developed especially for the water supply networks, DWTPs, and WWTPs, thus contributing to the digitalization of the management and operation of the facilities, allowing efficient online control of the processes and detailed database establishment.



	
Sufficient data are available and organized in appropriate registers and databases allowing sound evaluation of systems’ performance and drawbacks. The establishment of a GIS register is in progress for most of the WSSOs, which may significantly facilitate the efficiency of water utilization.



	
The water supply networks are well developed, covering almost 100% of the population. The sewer systems cover the bigger settlements, although the rate of the connection is lower than the water supply ones. This means that the WSSOs have good management and operational experience, which may facilitate the transition to a circular economy.



	
Most of the WSSOs are already beneficiaries of regional projects for modernization of the water supply and sewerage infrastructure (including implementation of circular solutions) co-financed by the EU Cohesion Fund.






Weaknesses



	
A majority of the water supply and sewerage infrastructure is 50–80 years old and predetermines frequent failures, significant real water losses, and high rates of infiltration/exfiltration in sewer networks. Most of the DWTPs and the older UWWTPs also need modernization. The maintenance/modernization of the existing infrastructure and the implementation of circular solutions demand higher capital costs, which cannot be covered by the budget of the WSSOs alone.



	
The NRW and the pressure management of the water supply systems is not satisfactory for most of the WSSOs, thus delaying the decrease in real water losses and the increase in efficiency of water use. The increase in efficiency of water use, without investments for appropriate adaptation of the water supply and sewerage infrastructure, may create operational problems for the systems, resulting in increased costs for maintenance.



	
The energy efficiency indicators for water supply and sewerage systems are too general and do not allow a detailed analysis of the energy efficiency performance of the key elements of the water supply and wastewater treatment.



	
The implementation of SCADA systems in the sewer networks is not satisfactory. This prevents having a better estimation of the rates of infiltration/exfiltration and a definition of consequent appropriate measures for improvement.



	
The “old” design of water supply and sewerage systems makes it more difficult to change the architecture of the networks (especially in the zones with a high concentration of population and activities) following circular economy principles.



	
The level of cooperation and exchange of information among the customers and key stakeholders is insufficient. The WSSOs do not actively advertise the benefits of their ready-for-reuse products to the economic sectors that might use them.



	
In general, the level of cooperation with scientific and research institutions is not satisfactory and needs to be strengthened (although some WSSOs already benefit from such cooperation).








3.3. Step 3: Analysis of the Macroenvironment for Applying Circular Economy (Opportunities and Threats)


3.3.1. Legislative Background


The EU legislative framework strongly encourages the implementation of a circular economy in the social and economic development of the countries. The first EU Action Plan (2015) and the second Action Plan (2020) on a circular economy emphasize the need for increasing the value of water as a key component of the circular economy, focusing on (a) increasing the confidence in drinking water quality (and, thus, decreasing the use of plastic mineral water bottles) and (b) water reuse for groundwater recharge, in agriculture and industrial activities [1,2]. The second Action Plan also discusses the need for reviewing the directives on wastewater treatment and sewage sludge and the stimulation of the market for recovered nutrients (e.g., using natural technologies such as algae). The role of the water utilities in the transition to a circular economy is further supported by other documents and regulations, e.g., guidelines for integrating water reuse into planning and management [36] and EU Regulation 2020/741 specifying the minimum requirements for urban wastewater reuse for agricultural irrigation [37]. In addition, Regulation No 547/2012 sets requirements for the eco-design of rotodynamic water pumps which are widely used in water supply systems [38]. It also has to be mentioned that the increasing requirements for the quality of drinking water and wastewater introduced through Directive 2020/2184/EC, Directive 91/271/EEC, and Regulation 2020/741 will also necessitate the implementation of enhanced or emerging treatment technologies for reaching compliance.



Bulgaria, as an EU Member, harmonizes its policy with the relevant EU policies. In 2020, the country adopted “a national strategy and action plan toward the transition to a circular economy”. Some of the analyzed strategic measures are proactive measures for water saving, as well as measures for water reuse for agricultural irrigation and inside the industrial processes [39]. Particular attention is paid to the development of technologies for utilization of the sludge originating from the UWWTPs, e.g., phosphorus extraction, biogas production, and mono- and co-incineration.



As mentioned above, the water supply and sewerage services are legislatively regulated in Bulgaria, and the WSSOs must cover a set of requirements, some of which are in line with the principles of a circular economy, e.g., decreasing the NRW, increasing the energy efficiency of water supply systems, increasing the energy efficiency of wastewater treatment, and appropriate UWWTP sludge utilization [40].




3.3.2. Environmental Factors


According to all climate change scenarios for Bulgaria, the air temperature will increase and precipitation will decrease, especially in the summer, resulting in prolonged droughty periods which will negatively affect the water resources, leading to increased demand for water for irrigation, potable, and industrial needs [41]. Table 2 presents the percentage of the population in the serviced areas which suffered from intermittent water supply due to water shortage, based on data from the National Statistical Institute (www.nsi.bg, accessed on 2 May 2022).



Water shortage was an acute problem for ViK Pernik in 2019–2020 due to the lack of sufficient volumes of water in the main water source—Studena Dam. A hydrological investigation for Studena Dam showed that, in the period 2003–2019, the inflow to the dam was minimal in 2011 and 2019, equal to about 38% of the average annual inflow [42]. No water shortage was registered in 2011. The reasons for the drinking water shortage in 2019 were complex, including bad management of the priority of water distribution and too low natural inflow. The problem was solved with the construction of a new trunk main transporting water from Sofiyska Voda to ViK Pernik. For ViK Burgas and ViK Blagoevgrad, the water shortage seems not to be an acute problem, but there is a tendency of increase in the affected population. The effects of droughty periods in the region of ViK Burgas were also mitigated by using alternative groundwater sources, which resulted in higher energy demand for water intake and treatment (see Section 3.2.3).



Another aspect of climate change is the worsening quality of water resources. At present, there are no indications of water quality problems due to the presence of toxic algae in the water sources in any of the investigated WSSOs. A study on the evaluation of cyanoprokaryote blooms and of cyanotoxins in Bulgaria identified cyanotoxins in three drinking water reservoirs, although the concentration of microcystin LR is lower than the limit of 1 μg/L required by EU Directive 2020/2184 [43]. Scientists report worldwide that increasing temperatures favor the proliferation of toxic cyanobacteria that may seriously deteriorate the source water quality [44,45,46].




3.3.3. Economic Factors


	
Cost of the water supply and sewerage services






In Bulgaria, the prices of water supply and sewerage services are regulated, as the price includes three components: drinking water supply, wastewater conveyance, and wastewater treatment. The total price for these services should not exceed the socially affordable price, set to 2.5% of the average income per household in the serviced region of the WSSOs. Table 3 presents the current total prices in EUR and the corresponding socially affordable prices for the selected WSSOs. The data are based on the decisions of the Regulator for approval of the prices of water supply and sewerage services (www.dker.bg, accessed on 8 March 2022). Apparently, the total cost of water services is quite lower than the socially affordable price. Any increase in the water service costs, however, always has a negative effect on the clients and may also influence the policy decisions.



	
Market for reused water products






An appropriate market for reused products from water utilities seems to be at the initial stage of development in Bulgaria. It is expressed in the utilization of UWWTP sludge as fertilizer for agriculture or for reclamation of terrains. The establishment of good cooperation with farmers is a difficult process, mostly due to complicated regulatory procedures for sludge application on agricultural land and/or inappropriate sludge quality (mostly concerning bacteriological content). The finding of terrains for reclamation also does not seem to be an easy task for the WSSOs.




3.3.4. Social Factors


Analysis of the database of the National Statistical Institute in Bulgaria showed that the population in Bulgaria has a stable trend of decrease since 1989, as the percentage decrease for the period 2010–2020 was about 7.8% (www.nsi.bg, accessed on 2 May 2022). This tendency is also observed for all the investigated WSSOs, except for Sofiyska Voda (Table 4).




3.3.5. Identified Opportunities and Threats


Bulgaria is a small country, and it can be considered that the external factors (with small exceptions) apply equally to all WSSOs.



The identified opportunities and threats based on the above analyses of the legislative, environmental, economic, and social factors are summarized below.



Opportunities



	
The EU policy and national legislation encourage circular economy development. The developed national strategy for a circular economy encourages wastewater reuse and sludge utilization as a source of energy and nutrients.



	
There are eco-efficient products and smart technologies on the EU market that may be installed/implemented for increasing the efficiency of water supply and sewerage systems.



	
The EU Cohesion Fund provides opportunities for co-financing the Bulgarian WSSOs for bringing water supply and sewerage systems in line with the requirements of the relevant EU Directives and for improving the efficiency of water and energy use.



	
More tangible climate changes may require urgent investments for mitigation of water shortage and/or water reuse. Thus, climate changes may act as a booster for implementing circular economy technologies.



	
There is potential for cooperation with research organizations at national and international levels for the development and implementation of innovative technologies.






Threats



	
The nationally regulated long-term values for some indicators concerning the efficiency of water and energy use are common for all the WSSOs, and this may discourage some of them from investing in further improvements after reaching the long-term target. Tailor-made target values would be more suitable.



	
The market of reused products in Bulgaria is at the initial stage of development. The key stakeholders and the public seem not to be aware of the potential of water utilities to be also a producer of valuable ready-to-reuse products.



	
Some of the circular economy approaches may require significant investments that may increase the price of water services and provoke a negative reaction from customers.



	
The stable tendency of decrease in the population in Bulgaria may decrease the users of water services, and this may reflect negatively on the incomes of the WSSOs for recovery of water services.








3.4. Step 4. Verification of the Results by the Water Utilities


The results were presented to the managing and operational staff of the studied water utilities, namely, ViK Blagoevgrad, ViK Burgas, and Sofiyska Voda. The presentation for ViK Pernik is forthcoming. Some conclusions were fine-tuned; however, most importantly, the draft roadmaps for the next strategic steps were outlined.



On the basis of the discussions, several circular economy solutions with the potential for short-term realization and common for the investigated WSSOs were identified. These are mostly solutions that do not necessitate cooperation with stakeholders. For example, the efficiency of water use can be increased in the DWTPs through increasing the efficiency of performance of sand filters and utilization of filter backwash water. The technical and economic efficiency of approaches for temporary retardation of the stormwater runoff (e.g., green roofs, specific pavements, or green solutions) can also be analyzed together with the urban planning administrations in zones with frequent flooding due to insufficient hydraulic capacity of the sewer collectors.





4. Discussion


4.1. In Regard to Identification of Strengths and Weaknesses of the Systems


Among all other strengths, the availability of a good informational system and sufficient data about system condition and performance is considered as a strength in the current study.



A similar conclusion was reached in a SWOT analysis dedicated to the development of urban water infrastructure asset management based on investigations in four WSSOs operating in Portugal [47]. Although at an initial phase, the development of a GIS register is also considered a “strength”, since it gives much more flexibility of operation and may further contribute to the development of a GIS-based approach for more efficient leakage and pressure management, as demonstrated in a recent study in Tehran [48].



Another “strength” worth discussing is the good experience and qualification of the staff demonstrated during the discussions of the results of the study. This experience is predetermined by the long history of the water supply and sewer services in Bulgaria, the strict regulatory requirements toward each WSSO to reach specific criteria concerning the quality of the service, and the existence of higher educational institutions in the field of water infrastructure. The positive effect of the competence of the operating staff was also noted in other studies used the SWOT analysis approach for strategic planning in the water field [14,47].



Despite the indicated progress, the NRW is apparently a serious problem not only for the investigated WSSOs, but also for the Bulgarian WSSOs as a whole (Figure 4). The long-term target value of 49% set by the Regulator is also high compared to other international studies. A recent report of EurEau shows that the NRW rate ranges from 5% to 60% (average 25%) according to a survey among 29 European countries, with Bulgaria having the highest percentage (about 60%) [26]. A World Bank report gave a range of NRW rates between 35% (for developing countries) and 15% for (developed countries), with real losses forming 60% to 80% of the NRW accordingly [49]. It should be noted that the NRW is an imperfect criterion, since many specific characteristics of the networks are not taken into account [25]. In the near future, pursuant to the requirements of the new EU drinking water Directive 2020/2184, a specific criterion for real water losses—the so-called Infrastructure Leakage Index (ILI)—will be more broadly applied [25]. It has to also be noted that, from the technical point of view, the substantial decrease in water leakage may have a negative effect on the water velocity, creating problems with water quality in the water supply networks. This in turn may require additional investments for adaptation of the water supply networks or increased costs for maintenance (e.g., for maintaining good water quality).



Due to the scale of the investigation (e.g., each WSSO covers large geographic areas operating a significant number of water supply and sewerage systems) and the relatively long time period (2017–2020), a direct relationship among the NRW, pressure management, and energy efficiency cannot be demonstrated for the investigated case studies, since other factors also influence the NRW (e.g., active leakage control and pipe replacement).



Pressure management control, however, is considered to be the most efficient tool for the reduction in real water losses [50]. The positive effect of the pressure management on the decrease in real water losses was demonstrated in many studies [25,50,51,52,53]. In general, except for Sofiyska Voda, it can be concluded that the majority of the Bulgarian WSSOs are too distant from the long-term target of 100% pressure management, as set by the Regulator (Figure 5). Thus, the lack of adequate pressure management was classified as a weakness in the developed SWOT analysis.



The control of NRW and pressure management affect the energy efficiency of the water supply networks and, thus, have a direct influence concerning the energy pathway in the circular economy concept. Studies by Feldman and Perrone et al. pointed out that the percentage energy saving is directly related to the percentage decrease in real water losses [50,54]. Other studies also reported the positive effect of leakage reduction and pressure management on energy efficiency, although the given values are very case-specific [52,53]. The adopted indicator in Bulgaria for energy efficiency of water supply networks is too general, as it does not allow differentiation between gravitational and pumping supply, nor between energy consumption for water distribution and water treatment.



A similar conclusion can be reached concerning the energy efficiency of the wastewater systems. The related indicator expressed in kWh/m3 treated wastewater does not account for, e.g., approaches for energy yield through anaerobic sludge digestion. Thus, WSSOs that have open anaerobic sludge digestion (e.g., ViK Blagoevgrad and ViK Pernik) may have comparable or even lower energy consumption than WSSOs that operate methane tanks and yield energy that can completely satisfy the treatment needs (e.g., Sofiyska Voda). Therefore, the currently applied approach for evaluation of energy efficiency of the water supply and sewerage systems in Bulgaria is considered imperfect and, therefore, was categorized as a “weakness”. It has to be noted, however, that biogas yield through sludge digestion is an option subject to technical and cost–benefit analyses for each individual case. For instance, in Flanders, it was reported that, unless a significant amount of organic matter is available, the energy yield is sufficient only for heating of the methane tanks [11]. Additional organic matter (e.g., food waste) is necessary to increase the yield, and there are some legal constraints for utilizing the produced gas in the gas network. The Dutch case is just the opposite; the biogas cheapens the wastewater treatment when injected into the gas grid and is regarded as a business option worth considering [11].



The old water supply and sewerage infrastructure seem to be key problems, predetermining nonefficient energy and water utilization. In addition to the apparent negative effect on the efficiency performance Mbavarira and Grimm concluded that aging infrastructure is a significant financial burden to the WSSOs, demanding costly maintenance over time and, thus, hindering the implementation of innovative solutions [11]. On the other hand, this weakness might also be seen as a strength, because the upgrade of the infrastructure can be achieved considering the principles of a circular economy.



The analyses showed that the applied circular economic approaches are completely within the capacity of the WSSOs, i.e., they do not necessitate cooperation with other stakeholders. The exception is the WWTP sludge utilization as a fertilizer for agricultural needs, but the investigated WSSOs shared that it is difficult to convince farmers, since the administrative procedure is complex. In general, in Bulgaria, about 45% of the sludge is utilized in agriculture, which is comparable with the average level for the EU countries [26]. Imperfect legislation and public acceptance are considered the main barriers concerning sewage sludge reuse [11,12]. Thus, at present, in Switzerland and the Netherlands, all the sludge is incinerated, while, in Portugal, over 95% of the sludge is used in agriculture; in Estonia, Lithuania, and Norway, this share is also high at about 80% [26]. Focusing on the purpose of this study, however, the authors considered that, in Bulgaria, the lack of incentives for sludge utilization as a fertilizer or for other purposes (e.g., nutrient extraction) is mainly due to the lack of effective communication with appropriate stakeholders and the need for further investments, which without an appropriate market are not justifiable.




4.2. In Regard to Identification of Opportunities and Threats


Some of the external factors may have variable effects or be in complex interactions, as discussed below.



The influence of legislation on reaching specific targets in the water sector was acknowledged in many studies. Depending on the specific case, the legislation could have either a facilitating or hindering role [11,14]. Thus, for instance, the existing legislation seems to hinder the broader application of recycled nutrients from sludge and/or reclaimed wastewater in Belgium and Denmark, while, in Greece, the HYDROUSA project considers the legislation as “an enabler of circular practices” for bankable decentralized solutions [11]. In Bulgaria, the “circular” legislation is following the relevant EU legislation; hence, it creates a positive horizontal regulatory environment. In the authors’ opinion, however, the application of unified long-term target values concerning different aspects of the efficiency of the performance of water services may be discouraging for some WSSOs. Imposing a tailor-made target may provide better motivation for increasing the value of water, energy, and materials in specific water supply and/or sewerage systems.



On the other hand, the increasing requirements concerning environment and human health protection are reflected in higher standards for water and wastewater treatment, and following the precautionary principle may lead to higher requirements concerning the quality of reclaimed or recycled products. This necessitates the development of clean and green technologies which may predetermine higher investments.



Most of the Bulgarian WSSOs benefit from EU funds (e.g., the Cohesion Fund) for the renovation of the water supply and sewer infrastructure and increasing the efficiency of their performance. Since 2007, there have been three Operational Environment Programs which provided opportunities for co-financing of investment measures into this field. According to the recent report of the EurEU, the investment rate in Bulgaria in both water and wastewater infrastructure (at a 5 year average rate) is 73 EUR per inhabitant per annum, which is comparable with the average investment rate of 81.5 EUR per inhabitant per annum in a study of 28 European countries [26]. Bulgaria has the highest renewal rate for drinking water infrastructure: 3% compared to only 0.96% at the EU level [26].





5. Conclusions


A four-step approach using SWOT analysis as a main tool is suggested as an initial step in the strategic planning of the transition of the urban water systems toward circular economy. The approach was successfully applied for four big and medium water operators in Bulgaria, which cover about 30% of the population in Bulgaria. The presented average rates of key indicators for each of these groups show that the conclusions for the selected WSSOs are also applicable to the rest of the WSSOs in Bulgaria.



The presented approach and analyses may facilitate the strategic planning for other water utilities in countries with similar social and economic environment or be used as a reference.



The case-study-specific conclusions are that the investigated WSSOs are at the initial stage of implementation of a circular economy, relying mostly on solutions within their own competence and capacity, and following the requirements of the national regulatory framework for reaching certain criteria for efficiency of water and energy utilization.



The adoption of quantifiable indicators for assessing system performance, the progress in system digitalization, and the availability of operational databases in combination with the qualified staff are all strengths that will facilitate the further implementation of a circular economy. The favorable national and EU legislation, the availability of EU funds, and the speeding up cooperation with scientific organizations create good opportunities for WSSOs in realizing circular measures. The more tangible climate changes may speed up the implementation of circular solutions.



These positive outcomes, however, need to be balanced in a smart way with the outlined deficiencies resulting from the very old water supply and sewerage infrastructure that need significant investments for rehabilitation and modernization of its operation. The establishment of efficient communication of the WSSOs with other stakeholders and with the public sector for increasing the awareness about the benefits of circular economy and the active participation in the development of a sustainable market for “circular” products must be a prime task of the WSSOs in near future.
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Figure 1. Methodology of the study. 
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Figure 2. Location of the selected WSSOs in Bulgaria. 
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Figure 3. Number of failures along the water supply networks: (a) Sofiyska Voda and ViK Burgas; (b) ViK Blagoevgrad and ViK Pernik. 
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Figure 4. Trends in NRW for (a) ViK Blagoevgrad and ViK Pernik, and (b) Sofiyska Voda and ViK Burgas. 
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Figure 5. Trends in the rate of implementation of pressure management for (a) Sofiyska Voda and ViK Burgas, and (b) ViK Blagoevgrad and ViK Pernik. 
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Figure 6. Energy demand in kWh per m3 for water intake, treatment, and distribution: (a) Sofiyska Voda and ViK Burgas; (b) ViK Blagoevgrad and ViK Pernik. 
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Figure 7. Energy demand in kWh per m3 treated wastewater: (a) Sofiyska Voda and ViK Burgas; (b) ViK Blagoevgrad and ViK Pernik. 






Figure 7. Energy demand in kWh per m3 treated wastewater: (a) Sofiyska Voda and ViK Burgas; (b) ViK Blagoevgrad and ViK Pernik.



[image: Processes 10 01156 g007]







[image: Table] 





Table 1. Main characteristics of the selected WSSOs (WSN—water supply network, SN—sewer network).
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	Parameter
	ViK Burgas
	Sofiyska Voda
	ViK Blagoevgrad
	ViK Pernik





	Number of serviced settlements (towns), n
	249 (20)
	38 (4)
	147 (10)
	117 (6)



	Serviced population, n
	415,000
	1,319,804
	277,240
	125,000



	Urban population, %
	76
	95.5
	60
	78



	Connection to WSN, %
	99.9
	100
	99
	98



	Major water sources
	Kamchia Dam, Yasna Polyana Dam
	Iskar Dam,

Beli Iskar Dam
	River intakes, springs
	Studena Dam, Krasava Dam, Baniste Dam



	Existing DWTPs, n
	2
	4
	4
	3



	WSN predominant type
	Gravitational and pumping
	Gravitational
	Gravitational
	Gravitational and pumping



	Connection to SN, %
	76
	96
	85
	73



	Existing UWWTPs, n
	18
	1
	17
	1



	Connection to UWWTPs, %
	64
	91
	52
	68



	SN predominant type (combined, separate mixed); pumping or gravitational
	Combined, gravitational and pumping
	Combined gravitational and pumping,
	Combined, gravitational and pumping
	Combined, gravitational



	WSSO ownership
	100% state
	77.1% private

22.9% municipal
	100% state
	51% state

49% municipal
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Table 2. Percent of population (%) with water supply regime due to water shortage.
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	Operator
	2017
	2018
	2019
	2020





	ViK Burgas
	0
	0
	0.28
	2.39



	Sofiyska Voda
	0
	0
	0
	0



	ViK Blagoevgrad
	0
	0.47
	3.77
	3.91



	ViK Pernik
	0
	0
	84.45
	83.34



	Average for Bulgaria
	2.99
	1.07
	5.95
	3.92
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Table 3. Total cost of water services (in EUR) and the socially affordable price for the selected WSSOs as per 2020.
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	ViK Burgas
	ViK Blagoevgrad
	ViK Pernik
	Sofiyska Voda





	Complex price
	1.58
	1.20
	1.24
	1.41



	Socially affordable price
	2.24
	2.06
	2.36
	4.27
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Table 4. Trends in population in the investigated WSSOs for the period 2010–2020.
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	ViK Burgas
	ViK Blagoevgrad
	ViK Pernik
	Sofiyska Voda





	2.7% decrease
	7.6% decrease
	10.6% decrease
	3.9% increase
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