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Abstract

One of the major concerns of contemporary society is the issue of sustainability and, implicitly, sustainable
development, having as its fundamental objective the long-term maintenance of natural, social and economic
resources, without compromising the ability of future generations to meet their own needs.

From an ecological perspective, sustainability aims at the responsible use and exploitation of natural resources,
by protecting ecosystems and biodiversity, thus avoiding environmental degradation.

By adopting the 2030 Agenda for Sustainable Development, Romania has committed to integrate the principles
of sustainability into national policies, promoting sustainable economic development and a fair, prosperous
and environmentally responsible society. This doctoral thesis aims to identify practical solutions that will
contribute to the achievement of part of the Sustainable Development Goals (SDGs), as assumed by our
country within the framework of the “2030 Agenda for Sustainable Development”, such as: SDG 6 - Clean
Water and Sanitation, SDG 11 - Sustainable Cities and Communities and SDG 13 - Climate Action.

The central objective of this research is to develop a methodology for evaluating existing hydrotechnical
structures from a sustainability perspective to optimize their operation and management. This approach will
strengthen Romania's capacity to respond to climate change impacts and contribute to mitigating effects on
water resources and population well-being. The evaluation framework represents a critical first step in
transforming hydrotechnical projects into sustainable infrastructure aligned with European standards.

The methodological framework of the thesis is based on the hydropower project assessment protocol,
developed by the International Hydropower Association (IHA), adapted and developed in a modified version
(mHSAP), applicable to existing hydropower structures in Romania. The implementation of this modified
protocol allows for a clear assessment of the current state of the infrastructures, the identification of
deficiencies in operation and management, as well as the formulation of solutions for optimizing their operation
and alignment with the principles of sustainability.

Summary

This thesis is structured in seven main chapters, followed by references and appendices.

Chapter 1 “Introduction” presents the conceptual framework underpinning the motivation and the need to
develop a tool for evaluating hydrotechnical constructions from a sustainability perspective. This section
summarizes the fundamental concepts that are the basis for the research topic, such as sustainability and
sustainable development ([31],[21],[14]), the Sustainable Development Goals (SDGs) ([24]), as well as the
Hydropower Sustainability Assessment Protocol (HSAP), developed by the International Hydropower
Association (IHA).



Romania, as a member state of the European Union (EU), is legally bound to implement the legislation adopted
at the community level, transposing European directives and regulations into the national framework. In the
field of water resources protection and mitigating climate change, the European Union has adopted a series of
essential policies and legislative instruments, such as: the EU Commission White Paper “Adapting to Climate
Change: Towards a European Framework for Action” ([35]), the European Green Deal ([36]) and the Water
Framework Directive (2000/60/EC). Within the framework of the Green Deal, initiatives such as “Clean,
Affordable and Secure Energy”, the European Climate Law, as well as the new European Strategy for
Adaptation to Climate Change outline the European regulatory framework assumed by Romania. At the
national level, the strategic framework is complemented by the National Strategy on Climate Change
Adaptation for the period 2022-2030 with a 2050 perspective (SNASC) and the National Action Plan for the
implementation of SNASC (PNASC) ([37]). National legislation also includes Law no. 259/2010 on safety and
Water Law no. 107/25.09.1996 - with subsequent amendments and supplements, both normative acts with
an essential role in defining the applicable legislative framework at the time of the development of this
research.

Chapter 1 analyzes the current situation of Romania from a sustainable development perspective. The progress
recorded by our country in achieving the Sustainable Development Goals (SDGs), measured by percentage
trend indicators, is presented in the Sustainable Development Report for the year 2024, Romania ranking 40th
out of 167 countries, with a score index of 76.70, as shown in the country dashboard of Romania for the year
2024 ( Figure 1 [33]), increased in value, hence better, as compared to the year 2000 (Figure 2). Country
report constitutes a global assessment of the annual progress of countries towards the SDGs. It can be seen
that, at the global level, the score for SDG 6 - Clean water and sanitation - is increasing, while progress
regarding SDG 13 - Climate action - is in a stagnation phase.
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Figure 1.Romania Country Dashboard for year 2024, in comparison with world level of SDG implementation (source:
dashboard.sdgindex.org, last checked on 21.03.2025)
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Figure 2.Progress of Romania's overall SDG score index for the period 2000-2024

The subject of water-related natural disasters is at the forefront of international research, being recognized as
one of the major challenges nowadays. Hydrological hazards - floods and droughts generated by climate
change - are the subject of extensive studies and analyses ([1], [2], [4], [8], [12], [18], [25], [26], [32]).
Globally, most large dams in Europe and North America were built between the 1920s and 1970s, and
subsequently this type of investment entered a downward trend ([6]), resulting from limited suitable locations
and growing environmental and social pressures. In contrast, the construction of new hydropower dams
continues in river basins such as the Amazon, Congo or Mekong, where the need for energy takes precedence
over socio-economic and environmental problems ([7], [31]). However, scientific literature confirms the
possibility of planning and operation of dams in a sustainable manner ([11],[30]) adapted to the specifics of
each river basin and the level of development of the countries involved ([8], [10], [13], [28],[29]). Achieving
these objectives requires close collaboration between public authorities, local communities, academia and non-
governmental organizations, in order to minimize the negative impact and maximize the social and ecological
benefits of these projects [3], [15], [19], [27]. Achieving these objectives requires close collaboration between
public authorities, local communities, academia and non-governmental organizations, in order to minimize the
negative impact and maximize the social and ecological benefits of these projects ([3], [15], [19], [27]).

In Romania, most dams were built in the 1970s and 1980s. After 1990, no large dams were built in the
country, mainly because of lack of necessary funds. Demographic and economic changes, along with the
modification of hydrological regimes, as a result of climate change, as well as the adaptation to new European
regulations, have generated new challenges in the sustainable exploitation of existing dams and other
hydrotechnical constructions, such as defense dikes ([5]). According to the "Romania Water Diagnostic Report”
(2018), climate change will lead, in the future, to the intensification of floods and flash floods in Romania, but
also to the increase in the magnitude and frequency of droughts ([20]). In this context, it is necessary to
revise and redesign the existing hydrotechnical constructions - especially dams - to increase water storage
capacity during droughts and to strengthen their role in flood protection.

Although the existing hydrotechnical infrastructure is of strategic importance and is generally cost-effective,
few projects can be considered fully sustainable. Consequently, obtaining a real and current assessment of
the degree of sustainability of hydrotechnical constructions in Romania requires the use of assessment tools
adapted to the legislative framework, the economic context and current social particularities. The optimization
of these infrastructures can decisively influence Romania's capacity to respond to the effects of climate change,
while also constituting a central element in protecting water resources and, implicitly, in ensuring the quality
of life of the population.

The main objective of this research is to develop a protocol for evaluating existing hydrotechnical
constructions, starting from the existing protocol for evaluating hydropower projects, a protocol developed by
IHA, known as Hydropower Sustainability Assessment Protocol (HSAP). Its adaptation in a modified version
(mHSAP) and application to the hydrotechnical infrastructures in Romania will allow obtaining a clear picture
of the current situation, identifying deficiencies and formulating solutions to optimize operation. In this way,



the aim is to increase Romania's capacity to achieve the Sustainable Development Goals assumed by joining
the 2030 Agenda.

Chapter 2, entitled “Sustainability Assessment of Hydropower Projects and Related Hydrotechnical Structures”,
describes the existing HSAP developed by IHA. It presents how it was developed and how it has been updated

to address climate change resilience and mitigation, ensuring its continued relevance and applicability in the
face of current environmental challenges ([34], [9]).

The assessment includes over twenty criteria directly related to the sustainability of the project under study.
These criteria cover environmental, technical, economic and social aspects, including topics such as
biodiversity, water quality, climate change, financial viability, working conditions, impact on communities,
rights of indigenous peoples and others.

The protocol includes 4 sections intended to reflect the 4 different stages of development of a project:
inception, preparation, implementation and operation, each stage assuming its own set of evaluation criteria.
Figure 3 illustrates the 4 stages of a hydropower project and the main decision points related to them.
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Figure 3.Stages of a hydrotechnical project

According to each stage of a project, the performance criteria are evaluated and represented by a rosette,
with five ranking levels for each evaluated criterion, as can be seen in the example rosette in Figure 4.

The scores given to the evaluated criteria range from level one - for low performance, to level five - for the
highest performance. Level three is designated as the initial viable level for sustainability, and to be considered
sustainable, an infrastructure must reach at least level 3 in all criteria.

After the detailed description of the project, Chapter 2 continues with concrete examples of its applicability,
at an international level, and with the presentation of the conclusions of these assessments.
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Figure 4.Example of a rosette produced following an assessment (source: https://www.hs-alliance.org/)



Chapter 3, the "mHSAP Modified Protocol for the Assessment of Existing Hydrotechnical Constructions”
presents in detail the modified protocol that is the central subject of this research.

This thesis proposes the adaptation of the HSAP protocol to existing hydrotechnical constructions, such as
dams and dikes, without them necessarily being part of a hydropower project. This modified protocol aims to
assess these constructions from the point of view of sustainability, the potential to become sustainable (where
they do not already fall within this criterion) and the identification of concrete optimization solutions from a
sustainability perspective.

The adaptation involves the selection of relevant indicators for each case and the development of a
sustainability profile by assessing performance in relation to them. Each evaluation is personalized for the
specific case study considered. The scores assigned to the indicators are established based on available data
regarding the structure's objectives and on information accessible to the public or institutions regarding current
performance.

The methodology has four main stages:

1. Review of the HSAP protocol literature and its application

2. Definition of a modified HSAP protocol: mHSAP, applied to hydrotechnical structures with more than
35 years of operation

3. Data collection and processing and application of mHSAP to case studies

4. Definition of the mHSAP protocol criteria to be used in each specific case studied (dam or dike)

In the first phase, a detailed analysis of the existing HSAP protocol, currently used in the evaluation of
hydropower projects, was carried out, in all four stages, from the design to the commissioning stage. Based
on the conclusions drawn from this analysis, the research proposes a refined protocol, called mHSAP. This
modified protocol includes the evaluation of structures built 50-60 years ago, in order to obtain relevant
information about the practices used in the past, while taking into account the current state of operation of
these structures. In addition, mHSAP aims to estimate the future performance of hydropower projects, in the
context of climate change. The methodology focuses on developing an efficient tool for evaluating hydropower
structures from a sustainability perspective, in line with European standards and global directions regarding
water resources management.

The current research adapts the protocol to specifically assess existing dams and dikes. The objective is to
retain relevant indicators applicable to hydrotechnical infrastructures that have been operational for a long
period, over 35 years. This approach aims to build a comprehensive sustainability profile, adding additional
information to the regular structural feasibility studies carried out periodically. Sustainability assessment is
generally valid for any infrastructure in operation, however each case study comes with its own particularities
that will ultimately be reflected in the final assessment report. The scoring of the indicators is based on
available data regarding the objectives of the structure, on publicly available information and on information
gathered on its current performance. The protocol is called mHSAP (modified HSAP).

Although the mHSAP specifically analyses the criteria for operational Romanian structures, it can be used for
any structure in any country. The proposed MHSAP adapts some of the criteria of the early phase to the re-
evaluation for the next 5 years of operation of a structure, starting from the moment of completion of the
mMHSAP assessment. The method selects 17 of the 26 criteria to evaluate old flood protection structures.

Those retained in the assessment are presented in Table 1.

Table 1. mHSAP criteria and their relationship to sustainability aspects

Project Phases Sustainability Criteria
Aspects Acronyms
Subject/Criteria HSAP mHSAP
N ES3 5Y1 Integrated C1
Policies and Plans
ESS 5Y2 Economic and c2
Institutional Capacity Financial
RISk.S (tehnical, social, ES6, ES7, Tehnical, social C3
environmental) 5Y3 and
ES8 .
environmental




Comunications and oP1 Social c4
Consultation P1,11, 01
Gouvernance P2, 12, 02 oP2 Integrated C5
Social and Environmental C6
Environmental Impact OP3 and social
Assessment P5, I5, O5
Integrated Project OP4 Integrated Cc7
Management P6, 16
Hydrological Resource P7, 07 OP5 Technical Cc8
Infrastructure Safety P9, 19, 09 OP6 Technical C9
Project Benefits and P10, P11, Economic and C10
Financial Viability 110, 111, OP7 financial
010, 011
Labor and Working P17, 117, oP8 Social Ci1
Conditions 017
Public Healt P19, I19, Social C12
019 OP9
Biodiversity and P20, 120, Environmental C13
. . OP10
Invasive Species 020
Erosion and P21, 121, oP11 Environmental Ci4
Sedimentation 021
Water Quality P22, 122, Environmental C15
OP12
022
Downstream Flow P25, 125, Environmental Ci6
. OP13
Regimes 025
Climate Change P26, 126, OP14 Integrated C17
Resilience and Mitigation || 026

The proposed mHSAP uses the same consistent scoring principles on a scale of 1 to 5. On this scale, 1
represents the lowest score, while 5 represents the highest, assessing best practices related to a specific
sustainability concern. The breakdown of the scoring levels is as follows:

e Level 1 - Significantly lacking core good practices, poor performance with significant gaps in
sustainability measures

e Level 2 - The most relevant aspects of core good practices have been implemented, but there
is a notable deficiency.

e Level 3 - Delineates that core good practices are present on a specific sustainability theme.

e Level 4 - All core good practice elements have been executed and, in some cases, exceeded,
but there is a significant deficit in meeting the criteria for the established best practices. The
structure has adequate and effective management, operation and outlook and has only a few
gaps in the interrelationships between relevant sustainability issues.

e Level 5 - Characterizes proven best practices on a specific sustainability issue.

The chapter concludes with the definition of the 17 performance indicators included in the mHSAP protocol.

Chapter 4, “Application of the mHSAP protocol in the Cincis dam-Hunedoara county study” is based on the
published article: Popescu, I., Teau, C., Florescu, C., & Constantin, A. (2023). Modified methodological
framework for sustainability evaluation of existing hydraulic structures in Romania: the case study of Cincis
dam, Hunedoara. GeoEcoMar Scientific Journal ([16]).

This chapter presents the first case study of the thesis: the sustainability assessment of the Cincis dam by
applying the mSAP concept. The chapter includes an introductory part, describing the project, which presents
data about its location, the functions it performs as well as the specific characteristics of the development.
The chapter continues with the actual evaluation of each objective in particular and their scoring. During the
evaluation, face-to-face interviews were conducted with employees of Apelor Romane, the documentation
provided by them was analyzed, field trips were carried out on site and the norms in force for the operational
structures were analyzed. A number of 17 criteria were analyzed, each area was assigned a score, in
accordance with the observations made and the professional expertise accumulated by the author in the field.

The assessment was not assisted by automated algorithms, but reflects a qualitative analysis based on the
available data. In cases where a sufficient amount of relevant information could not be obtained, the



respective criterion was excluded from the analysis, without assigning a score. The results obtained were
centralized, as presented in Table 2, and obtained sustainability profile is presented in Figure 5.

Table 2. Results of the Cincis Dam Assessment

Nr.crit | Policies and Plans Score
C1 Institutional Capacity 3
Cc2 Risks 2
C3 Communications and Consultation -
c4 Governance 4
C5 Social and Environmental Impact Assessment 3
c6 Integrated Project Management 4
c7 Hydrological Resource 4
C8 Infrastructure Safety 3
(O°] Project Benefits and Financial Viability 4
c10 Labour and Working Conditions 1
C11 Public Health 3
C12 Biodiversity and Invasive Species 5
C13 Erosion and Sedimentation 4
Ci4 Water Quality 2
C15 Downstream Flow Regimes 5
C16 Climate Change Resilience and Mitigation 4
C17 Policies and Plans 1

The application of the mHSAP methodology to the Cincis dam revealed a mixed functional profile, with both
consolidated areas, managed in accordance with current legal and technical requirements, and vulnerable
areas requiring specific interventions. The analysis demonstrated that, although the objective benefits from a
stable operational framework and practices that ensure the protection of public health, water resources and
biodiversity, there are significant limitations in terms of integrating the risks associated with climate change.
This aspect highlights the need to develop and implement a proactive strategy for adapting to new
hydroclimatic conditions.

Figure 5. Assesment Rosette of the Cincis Dam



The application of the mHSAP methodology to the Cincis Dam highlighted a mixed functional profile, in which
both consolidated areas, managed in accordance with current legal and technical requirements, and vulnerable
areas requiring specific interventions are highlighted. The analysis demonstrated that, although the facility
benefits from a stable operational framework and practices that ensure the protection of public health, water
resources and biodiversity, there are significant limitations in terms of integrating the risks associated with
climate change. This aspect highlights the need to develop and implement a proactive strategy for adapting
to new hydroclimatic conditions.

Therefore, the assessment carried out through the mHSAP not only provides an overview of the current
performance of the Cincis Dam, but also serves as a strategic support tool for decision-makers, providing clear
guidelines for increasing the long-term sustainability of the structure. The results can form the basis of a
coherent, phased and integrated action plan, aligned both with international good practices and local
specificities.

Chapter 5, “Application of the mHSAP protocol in the study of the Deva dike, Hunedoara county”, analyzes the
possibility of using the proposed protocol in the assessment of the sustainability of hydrotechnical structures
with a flood protection role, by applying it in the study of the Deva dike.

The chapter is based on the article [17] Popescu, 1., Teau, C., Moisescu-Ciocan, C., Florescu, C., Adam, R., &
Constantin, A. T. (2023). Evaluating the sustainability of longtime operating infrastructure for Romanian flood
risk protection. Journal of Environmental Sustainability, 15(3), 211-229 ([17]).

To carry out the assessment, field visits, interviews and documentation activities were carried out at the
headquarters of the Hunedoara Water Management System, and the results of the assessment were
centralized in a table in Table 3, presenting the scores for each analyzed criterion.

Table 3. Results of the Deva dam assessment

Nr.crit | Policies and Plans Score
Cc1 Institutional Capacity 3
Cc2 Risks 3
C3 Communications and Consultation -
c4 Governance 3
C5 Social and Environmental Impact Assessment 3
Ccé6 Integrated Project Management 4
c7 Hydrological Resource 2
Cc8 Infrastructure Safety -
(6°] Project Benefits and Financial Viability 3
Cc10 Labour and Working Conditions 4
C11 Public Health 4
C12 Biodiversity and Invasive Species 5
C13 Erosion and Sedimentation -
Ci14 Water Quality 3
C15 Downstream Flow Regimes 4
C16 Climate Change Resilience and Mitigation 5
C17 Policies and Plans 2




Following the assessments for each criterion, a sustainability profile was obtained for the Deva dike, as
shown in Figure 6.

Figure 6. Rosette resulting from the assessment of the Deva dike

This visual representation allows the ABA Mures administrator to quickly identify areas where interventions
for improvement are needed, as well as those aspects of the dike management that are functioning perfectly.
The methodology applied, although predominantly qualitative, provides a coherent and comprehensive picture
of the structure’s performance from a sustainability perspective. The assessment was not assisted by
automated algorithms, but reflects a qualitative analysis based on available data and the author’s professional
expertise in this field. The possibility of periodically repeating this assessment also allows for dynamic
monitoring of the dike’s condition and may signal the appropriate time to initiate in-depth technical
investigations.

The profile obtained is a useful tool for decision-makers, providing a rational basis for prioritizing investments,
updating technical documentation, and developing long-term adaptation strategies. The evaluation thus
contributes to strengthening sustainable and proactive governance in the management of regional
hydrotechnical infrastructure.

Chapter 6 "Applicability of mHSAP in the assessment of existing hydrotechnical constructions” highlights the
role that the mHSAP protocol can have in complementing the Romanian Legislative Framework, by creating a
voluntary and integrated framework for re-evaluating the way in which existing hydrotechnical constructions
in our country are managed and modernized, bringing added coherence, efficiency and sustainability to the
administration of these objectives. In the absence of dedicated norms for adapting infrastructure to climate
change, the protocol provides a functional framework for assessing, in addition to safety and economic
efficiency, the ecological impact, adaptation to climate change and project governance risks and for taking
adaptation measures.

The developed modified protocol, mHSAP, promotes modernizations that are directly related to both
operational efficiency and biodiversity conservation, ensuring ecological flow and environmental conservation.
The protocol can be used as a guide to good practices by authorities (e.g. Apele Romane), operators,
consultants and beneficiaries of European funds. In contrast to current, often formal practices, mHSAP
encourages the real involvement of stakeholders, including local communities and non-governmental
organizations, thus constituting a means of stimulating transparency and public participation.

The chapter also presents how the mHSAP protocol can contribute to the reauthorization process of an existing
dam and the authorization/reauthorization of an operating dike. The national reauthorization model is currently
based on traditional technical expertise, mainly focused on sectoral analyses (e.g. static analysis, verification
of dam elements, filling behavior, etc.). Although this approach provides a solid technical basis, it sometimes
proves insufficiently flexible and interdisciplinary to respond to new challenges, such as the increase in the
frequency of external climate phenomena, the integration of the SDGs and compliance with the European
Green Deal, or the requirements related to transparency and public communication regarding risks.

Following the application of this protocol in the concrete assessment of two existing hydrotechnical
constructions, its potential for improvement can be observed. It can evolve over time to become more
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inclusive, more quantitative and objective, and better integrated into the governance process. To reduce the
subjectivity of the assessment, more quantitative measures and tools can be integrated, such as advanced
modeling and simulation techniques that can complement the expert assessment by forecasting the results in
various scenarios. The development of decision support software programs around mHSAP (for example, tools
that automatically generate part of the evidence needed for scoring from the existing database or remote
sensing) could significantly increase the credibility of such a protocol and significantly decrease the time and
costs of implementation.

The link between the mHSAP protocol and the growth of the SDGs is made by assessing how hydrotechnical
infrastructure (dams, dikes) contributes to achieving these global objectives.

The mHSAP protocol evaluates projects based on economic, social and environmental sustainability criteria,
which makes it directly applicable in the context of the SDGs, which have a similar structure. Sustainable
management of Romania's hydrotechnical infrastructure can directly contribute to increasing the national score
on the Sustainable Development Goals.

Chapter 7 presents the conclusions and personal contributions. The research conclusions presented in this
thesis, together with the results of the evaluations carried out, suggest the need for a more flexible, evidence-
based, and participatory sustainability assessment model. Such a model not only provides an overview of the
current performance of projects, but also constructively guides them towards continuous improvement.

The two case studies presented in this thesis demonstrate the applicability of the modified mHSAP protocol
for non-energy structures, revealing that a structured sustainability audit can identify both vulnerabilities and
opportunities for improvement of the analyzed infrastructure. In addition, the mHSAP assessment stimulates
the consideration of aspects often ignored in the past, such as biodiversity conservation, climate change
adaptation, or community involvement.

The mHSAP framework can support the alignment of local and regional authorities’ strategies with the UN
Sustainable Development Goals, in particular by encouraging an integrated approach to sustainability in the
processes of maintenance, operation and modernization of existing infrastructure. In conclusion, mHSAP
represents a significant methodological innovation, which extends the applicability of HSAP principles beyond
the hydropower sector.

The effective application of mHSAP requires the involvement of multidisciplinary teams, including engineers,
hydrologists, economists, sociologists, etc., and it is necessary to promote collaboration between research
institutions, universities and public administration. It is also recommended that the application of the protocol
be carried out at regular intervals and accompanied by training sessions for technical personnel responsible
for the operation and maintenance of dams and dikes.

To date, non-energy hydropower infrastructures, such as dams and dikes, although essential for the safety
and functionality of communities, have not benefited from a coherent and systematic framework for
sustainability assessment. The mHSAP protocol has the potential to become a reference standard in this field,
supporting the rehabilitation process of old infrastructures, strategically targeting investments and aligning
public policies with the sustainable development goals in particular SDG6 (Clean Water and Sanitation), SDG
11 (Sustainable Cities and Communities) and SDG 13 (Climate Action).

This research remains open to further improvements, through continued field validation, interdisciplinary
collaboration and expansion at a regional or European scale, in order to strengthen a culture of sustainability
in the field of hydropower construction. More academic research and experience in implementing the protocol
are needed to refine this method, reduce subjectivity and ensure that sustainability assessments lead to real
improvements on the ground.
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