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Abstract – This study analyses the relationships between investments, network 

expansion, operational costs, tariffs and environmental compliance in sewage services in 

Romania, over the period 2012–2022. Using a quantitative methodology based on 

correlation matrix and principal component analysis (PCA), the research highlights the 

interdependencies between key indicators. The results show that connected population 

and tariffs are determinants of economic sustainability, while investments indirectly 

contribute to improving environmental compliance. The study highlights the need for an 

integrated strategy that combines financial efficiency, infrastructure modernization and 

environmental compliance to ensure long-term sustainability. 
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1. INTRODUCTION 

 

Wastewater management is a key area in the current context of sustainable 

development, with significant implications for environmental quality, population health and 

economic sustainability. The literature emphasizes that investments in infrastructure and 

technology in this sector are critical to address the pressures caused by urbanization, 

population growth and climate change [1]–[3]. 

The performance of operators in this sector is determined by the level of investment 

and the efficiency of resource use. References [4], [5] emphasize that the sustainable 

development of operators in Romania depends on the integration of sustainable strategies 

into the infrastructure. In a similar approach, several authors [6]–[8] highlight the need to 

use performance indicators to assess economic efficiency, demonstrating that targeted 

investments can increase both profitability and sustainability. Also, adopting circular 

economy principles in the wastewater sector offers opportunities for resource recovery and 

environmental impact reduction. According to [1]–[3], implementing circular economy in 

wastewater management brings technological and organizational challenges, but also 

significant economic and ecological benefits. Similarly, other authors [9], [10] explore the 
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financial strategies needed to support this model, emphasizing that investments in the 

circular economy are essential for sustainable development. 

From the perspective of infrastructure investments, [11] underline the importance of 

detailed economic and financial assessments to ensure the profitability of wastewater 

projects as they affect both investors and wider communities. In this regard, [12] show the 

importance of using economic instruments in water resources management, while [13] 

highlight the need to include sustainability considerations in investment decision-making. 

In this regard, another determining factor is the influence of regulatory policies and 

institutional capacity on the performance of operators. According to [14], hybrid financing 

models can support the necessary investments in this sector, while [15], [16] emphasizes 

the role of legislation and the involvement of local institutions in promoting sustainability, 

and [17], [18] add that the success of absorbing European funds for infrastructure projects 

depends on administrative capacity. 

Digitalization and the integration of advanced technologies are emerging trends that 

can redefine the wastewater sector. Reference [19] highlight that digital transformations 

bring both opportunities and challenges for operators in this sector, underlining the need to 

adopt resilient financial strategies. Similarly, [20], [21] argue that increasing research and 

development activities can accelerate the transition to more efficient and sustainable 

practices. 

Therefore, investments in wastewater infrastructure and technologies play a key role 

in optimizing water reuse and maximizing economic efficiency, thus contributing to 

sustainable urban development [22]. At the same time, the financial stability and economic 

performance of water and wastewater operators depend on their ability to integrate sound 

financial models and assess risks to increase competitiveness and operational efficiency 

[23]–[25]. Detailed economic evaluations of investments in wastewater treatment plants 

highlight the need for well-founded strategies to support financial sustainability and reduce 

operational costs [11]. 

 

2. RESEARCH METHODOLOGY 

 

The data used in this study were collected from official reports, financial statements 

and performance evaluations of sewage service providers. The indicators analyzed include 

infrastructure investments financed from European funds (Vt), population connected to 

sewage systems (Pr), volumes of untreated wastewater (Vau), average tariffs (Tsc), total 

revenues (Vte), operational and maintenance costs (Ct) and penalties for non-compliance 

with environmental regulations (Cp). These variables were selected for their relevance in 

assessing economic and environmental performance. 

The dataset covers a decade-long period, 2012-2022, which allows for a detailed 

examination of time trends and the impact of policy changes, investment cycles and 

operational adjustments. 

The main analysis method used was the correlation matrix, which quantifies the 

strength and direction of relationships between variables. This method is particularly useful 

for understanding how interconnected factors influence the overall performance of 

sewerage services. In addition, principal component analysis (PCA) was used to visualize 

the distribution of annual data according to the main dimensions analyzed. PCA allowed 

the identification of patterns and clusters in the data, highlighting years with significant 

improvements or stagnation [26], [27]. 
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The results provide practical insights for policymakers and operators, highlighting 

areas where investments, policy adjustments or operational changes can support greater 

sustainability. Furthermore, the proposed methodological framework can be adapted for 

similar analyses in other infrastructure-intensive sectors, which gives it relevance beyond 

the specific scope of this study. 

 

3. FINDINGS 

 

This section presents the main results of the analysis, highlighting the relationships 

between investments from EU funds, economic and operational performance indicators, 

and trends associated with sustainability and compliance in the wastewater sector over the 

period 2012-2022 (Table 1). 

 

Table 1 Correlation Matrix
a
 

 Vt Pr Vau Tsc Vte Ct Cp 

Correlation Vt 1.000 0.118 -0.047 0.234 0.154 0.211 -0.315 

Pr 0.118 1.000 -0.458 0.836 0.892 0.866 -0.100 

Vau -0.047 -0.458 1.000 -0.065 -0.306 -0.322 -0.201 

Tsc 0.234 0.836 -0.065 1.000 0.926 0.920 -0.508 

Vte 0.154 0.892 -0.306 0.926 1.000 0.993 -0.235 

Ct 0.211 0.866 -0.322 0.920 0.993 1.000 -0.277 

Cp -0.315 -0.100 -0.201 -0.508 -0.235 -0.277 1.000 

Sig. (1-tailed) Vt  0.365 0.445 0.244 0.326 0.266 0.173 

Pr 0.365  0.078 0.001 0.000 0.000 0.385 

Vau 0.445 0.078  0.424 0.180 0.167 0.277 

Tsc 0.244 0.001 0.424  0.000 0.000 0.055 

Vte 0.326 0.000 0.180 0.000  0.000 0.243 

Ct 0.266 0.000 0.167 0.000 0.000  0.205 

Cp 0.173 0.385 0.277 0.055 0.243 0.205  

a. Determinant = 1.458E-6 

 

Investments from European funds (Vt) show low or even negative correlations with 

most variables, suggesting a limited impact on operational and economic results in the short 

term. The weak positive correlation with the connected population (Pr, r = 0.118) shows 

that these investments are not necessarily directed towards network expansion, but probably 

towards the modernization of the existing infrastructure. In addition, the negative 

correlation with the volume of untreated wastewater (Vau, r = -0.047) could indicate that 

the financed projects did not have as their main objective the reduction of this volume. 

A moderate negative correlation with penalties for non-compliance (Cp, r = -0.315) 

suggests, however, that investments indirectly contribute to improving compliance with 

environmental regulations. This can be explained by the modernization of treatment plants 

or the implementation of new technologies, which reduce the risks associated with non-

compliance. 

The connected population (Pr) is a major determinant of sustainability, with very 

strong and significant correlations with total revenues (Vte, r = 0.892) and total costs (Ct, r 

= 0.866). This indicates that a larger user base generates higher revenues, but also increased 

costs for operation and maintenance. The growth of the connected population directly 
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contributes to economic sustainability, but can amplify the pressure on the infrastructure, 

requiring additional investments to maintain the quality of services. 

The high positive relationship between the connected population and the service tariff 

(Tsc, r = 0.836) suggests that operators adjust tariffs according to the network growth, 

possibly to cover additional costs. In contrast, the moderate negative correlation with the 

volume of untreated water (Vau, r = -0.458) shows that network expansion can reduce the 

amount of untreated water discharged, thus contributing to improving environmental 

performance. 

The average sewerage tariff (Tsc) has a very strong relationship with revenues (Vte, r 

= 0.926) and total costs (Ct, r = 0.920). This correlation indicates that tariff adjustment is 

essential to balance revenues and costs, being an important lever for economic 

sustainability. At the same time, a moderate negative correlation with penalties for non-

compliance (Cp, r = -0.508) suggests that additional revenues generated by higher tariffs 

can be used for investments that reduce exposure to sanctions. 

This dynamic highlights the need to establish tariffs that cover both operational costs 

and those associated with infrastructure improvements, without significantly affecting the 

accessibility of services for consumers. 

Operating revenues (Vte) and operating costs (Ct) show an extremely strong 

correlation (r = 0.993), suggesting that revenues are almost entirely used to cover costs. 

This relationship indicates a low profitability margin, which may pose a risk to long-term 

sustainability. Such a situation underlines the need for cost optimization and diversification 

of revenue sources, such as accessing additional European funds or expanding services. 

Penalties for non-compliance (Cp) are negatively correlated with almost all other 

indicators. Thus, the moderate negative correlation with tariff (Tsc, r = -0.508) and 

investment (Vt, r = -0.315) suggests that these two variables play an important role in 

reducing penalties. Lower penalties may reflect an improvement in infrastructure and better 

resource management, but the lack of significant correlations indicates that they are also 

influenced by external factors such as the intensity of controls or legislative changes. 

The analysis of the correlation matrix reveals that the economic and operational 

sustainability of sewerage services is influenced by a complex interaction between 

investments, tariffs, network expansion and regulatory compliance. The population 

connected to the sewerage networks proves to be a key factor, as their expansion generates 

considerable revenues, but also implies significant costs, which require rigorous planning. 

Tariffs play a central role, being closely linked to revenues and costs. They must be set in 

such a way as to support both investments and compliance, without becoming a burden on 

consumers. Investments contribute directly to environmental compliance, reducing 

penalties and improving environmental performance, although their economic benefits are 

not always immediately visible. At the same time, the analysis highlights a strong 

relationship between revenues and costs, suggesting limited room for profit, which 

emphasizes the need to optimize and streamline operations. These findings highlight that 

the long-term success of sewerage services depends on implementing an integrated 

strategy, including sustainable investments, setting fair tariffs and strict compliance with 

environmental regulations. 

The analysis of the dynamics of these indicators can be highlighted by plotting the 

dynamics of the years included in the study using principal component analysis (Figure 1). 

The distribution of points in the four quadrants highlights significant differences between 

the years, depending on the combined influences of the two main factors analyzed. 
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Fig. 1 Using PCA to dynamically visualize the period 2012-2022 

 

In the top right quadrant, the years 2022, 2019 and 2020 are characterized by positive 

values on both factors, suggesting a combination of strong economic performance and 

improved environmental or operational compliance. The extreme position of 2022 reflects a 

peak in overall performance, likely due to recent investments, operational optimizations, or 

a significant increase in the degree of population connection to the sewerage network. The 

lower right quadrant groups the years 2018, 2019, and 2021, indicating good economic 

performance but with little influence from environmental or compliance factors. The low 

position on the Factor 2 axis suggests that while revenue and cost management was 

effective, issues related to environmental regulations or investments in environmental 

infrastructure were not a priority. In particular, the position of 2021 near the origin shows a 

balanced performance but without significant improvements compared to previous years. 

On the upper left are the years 2014, 2015, and 2016, which reflect good environmental and 

operational compliance but lower economic performance. This can be explained by a period 

of significant investment in ecological infrastructure, which did not generate immediate 

economic benefits. This type of profile is common in years when infrastructure projects 

were prioritized but had no immediate impact on revenues. The lower left quadrant, which 

includes 2012 and 2017, shows negative scores on both factors, indicating poor 

performance both economically and environmentally. The position of 2012, extremely low 

on both axes, suggests a difficult starting point, marked by significant infrastructure 

deficiencies, low revenues, and compliance issues. In contrast, 2017, although closer to the 

origin, reflects continued operational problems and a lack of major progress compared to 

previous years. 

 

4. CONCLUSIONS 

 

Correlation matrix analysis provides a detailed insight into the dynamics and 

relationships between key variables influencing the sustainability of sewerage services. The 

results suggest significant complexity in the interaction between investments, network 

expansion, tariffs, operational performance and environmental regulations. 
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Investments from European funds (Vt) show low correlations with most of the 

indicators analyzed, indicating a limited impact on economic and operational results in the 

short term. While the weak positive correlation with the connected population (Pr) suggests 

that these funds are directed towards the modernization of existing infrastructure rather than 

network expansion, a moderate negative correlation with penalties for non-compliance (Cp) 

indicates that the investments have indirectly contributed to improving environmental 

compliance. 

The connected population (Pr) proves to be a critical factor for sustainability, having 

strong and significant correlations with total revenues (Vte) and operational costs (Ct). This 

highlights that an expanded user base can generate substantial revenues, but also imposes 

significant costs for maintenance and operation, emphasizing the need for rigorous planning 

to maintain economic balance. In addition, the positive relationship between the connected 

population and tariffs (Tsc) suggests tariff adjustments to cover the increased costs 

associated with network expansion. 

Tariffs play a central role in balancing revenues and costs, and the very strong 

correlations with financial indicators (Vte and Ct) show that setting appropriate tariffs is 

essential for economic viability. However, the negative relationship with non-compliance 

penalties suggests that revenues generated by higher tariffs can be used for infrastructure 

investments, thus reducing exposure to financial sanctions. 

The volume of untreated wastewater (Vau) remains a signal of critical deficiencies in 

the existing infrastructure. The negative correlations with the connected population and 

investments reflect that network expansion and infrastructure modernization can 

significantly contribute to reducing these volumes. However, progress in this direction 

requires a more consistent prioritization of investments in treatment plants and advanced 

technologies. 

Total revenues (Vte) and operating costs (Ct) are closely correlated, suggesting a very 

low profitability margin in the sector. This dynamic highlights the need for interventions to 

optimize costs, diversify revenue sources, and improve operational efficiency. 

The distribution of years according to the two main factors analyzed highlights 

distinct performance patterns. The year 2022 reflects a remarkable overall performance, 

with positive results from both an economic and environmental perspective, probably due 

to recent investments and operational optimizations. In contrast, the years 2012 and 2017 

are characterized by poor performance across the board, indicating significant challenges in 

infrastructure and compliance. These differences underline the importance of an integrated 

strategy, which ensures efficient allocation of resources and enables long-term sustainable 

development. 

In conclusion, the results suggest that the success of sewerage services depends on a 

balance between investment, cost management, affordable tariffs and compliance with 

environmental regulations. Such an approach could facilitate the reduction of existing 

deficiencies and ensure greater economic and operational sustainability in the future. 
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