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Zone 6 - Crest concrete finish 
 

 

 

Concrete coating and 
colouring 

0.01% 
 

Additional works (Upstream slope crest, lighting) 
 

Concrete coating and colouring, lighting fixtures 0.04% 
 

Sum  

1.41%  

4.3 Results - Discussion 
The key findings from the analysis of landscape-design practice in dams are the following: 

Technical feasibility: The compiled list of 53 dam projects in which landscape design has been applied 
in various different scales and styles, demonstrated that there are no insurmountable technical issues 
to the implementation of landscape design in dams (Table 10 and Table 11).  

Perceived quality of infrastructures' landscapes: In the online geotagged photography databases of 
Google Earth and Panoramio, a significantly higher density of uploaded content was observed in the 
proximity of dams that included features of landscape and architectural design. In particular, in the 
largest 27 Greek dams (over 50 m in height), the average number of uploaded photographs in the 
proximity of the dams that included features of landscape design was 113.7 photographs per dam, 
in contrast to 25.8 photographs per dam in dams that did not include such features. Furthermore, in 
institutional and academic literature, dams that include architectural and landscape-design features 
have been praised for their contribution to built cultural heritage, to touristic development and to 
the creation of scenic landscapes. Thus, it can overall be argued that the implementation of 
landscape design in dam projects has contributed to improved landscape-value perceptions and 
landscape qualities in local landscapes. 

Cost: Additional project-costs for the large-scale integration of landscape-design features in dams 
can be kept at the order of 1% of projects' budgets. This is supported both by the case study of La 
Breña II dam, constructed in Spain in 2009, and also by the calculation of additional project costs for 
a theoretical complete architectural re-design proposition for Filiatrinos dam, constructed in 2017 in 
Greece; a case study that was specifically formulated for the purposes of this research.  
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In regard to the limitations of our research in Section 4, a significant point to be made is that the 
above-mentioned results originate from the analysis of landscape design practices in dams, in 
particular, out of all types of major civil infrastructure. It has to be noted though, that many of the 
results also apply to other major civil infrastructure as well. Indicatively, the typologies of landscape 
design in dams (Table 10 and Table 11) include various types of landscape-design techniques that are 
also commonly implemented in many other types of infrastructure as well, such as highways, bridges, 
water supply infrastructure, etc.; e.g. the restoration of excavated slopes, the architectural design of 
facilities and appurtenant structures, the integration of public parks in the areas of the projects, the 
inclusion of information boards, green infrastructure, decorative elements associated with local 
cultural background and architectural preferences, lighting and art installations and finally treatment 
of the facades of generated structural slopes. Nevertheless, more targeted research on the technical 
and cost-associated feasibility of landscape-design in other types of infrastructure would certainly 
generate valuable insights for the advancement of this field of landscape design.  

It also has to be noted that in most cases presented in the landscape-design typology of Table 10 
and Table 11 it is not clear whether the compiled designs are the result of targeted landscape and 
architectural studies or the results of individual initiatives of participating architects or engineers. 
Unfortunately, literature and publicly available information on the dam projects compiled did not 
include details on whether architects actually participated in the projects, in most cases. It can be 
assumed that in most large-scale implementations of architectural interventions architects have 
indeed participated. However, this is not certain for all cases, especially for less extensive 
interventions. For example, the participation of architects is confirmed in various projects in Norway, 
e.g. Bredo Greve in Solbergfoss dam and Thorvald Astrup in Nomeland dam (Norges vassdrags- og 
energidirektorat., 2013)or in the Möhnetalsperre dam in Germany, designed by Franz Brantzky18. 
However, in the La Breña II dam, for example, it is known that the planted downstream slope was 
designed by the dam engineers of Dragados S. A. as a measure for limiting the visual impact of the 
dam (A. Sandoval, personal communication, October 14, 2015).  

4.4 Inferences for the architectural and landscape design of major 
civil infrastructure 

Beginning from the global observation that landscape design is usually not implemented in major 
civil infrastructure projects, in this Section we investigated whether this shortcoming is justified by 
practical or utility-related limitations or if the role of landscape-design in infrastructure projects 
should be reinforced. Landscape-design practice in dam projects was selected as the focus of the 
investigation, due to the fact that landscape-design interventions in dams present a wide spectrum 
of approaches, ranging from minor beatification efforts or full architectural studies to complete lack 
thereof. Hence, through the analysis of the various implementations of landscape design in dams 

 
18 https://www.reisefuehrer-moehnesee.de/sehenswuerdigkeiten/moehnetalsperre/ 
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the utility as well as the technical and economic feasibility of landscape design could be evaluated, 
using data from real projects and forming revealing comparisons.  

The results demonstrated that landscape design of infrastructure projects is beneficial for landscape 
quality perception, cultural heritage and touristic development and that, with proper design, these 
benefits can even be achieved with low costs and without remarkable technical challenge. Thus, the 
primary policy implication of the study is that the role of landscape design in major civil infrastructure 
projects should be bolstered and could be supported more by policy and design guidelines or 
guidances. In this regard, the utilization of knowledge from global best-practice as reference and 
inspiration for new designs can facilitate the minimization of the technical and economic 
requirements for the wider integration of landscape design into infrastructure projects. 

 On a final note, it should be acknowledged that the results of this Section are more relevant to 
countries with developed economies that can allocate more resources to the sustainable design of 
projects and that are already ahead in terms of landscape design and landscape planning policy. 
However, this is not to say that countries with developing economies have no capacity to integrate 
of landscape design in infrastructure projects, as several of the cases of dams that were presented in 
this study attest to the opposite.  
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5 CONCLUSIONS 

5.1 Landscape impacts of infrastructure – Do they differ between 
different types of works and how? 

The first level of the analysis, was targeted on the investigation of whether generic levels of landscape 
-impact severity can be attributed to different types of major infrastructure. This analysis was carried 
out in Section 2 and in a generic-global scale, investigating data and literature from on landscape 
impacts of RE works from global sources. 

The aim of the analysis was to improve our understanding of landscape impacts of infrastructure, 
quantify and compare those impacts and eventually build the empirical and theoretical background 
that would lead to the formation of improved measures for the mitigation of landscape impacts in 
Sections 3 and 4. Other than its utility as the foundation for the next levels of the research, the 
analysis of Section 2 was also considered important due to the fact that landscape impacts are often 
subject to dispute, due to being considered unquantifiable and thus subjective by stakeholders in 
infrastructure development. The identification of the distinct characteristics of those impacts was 
hence seen as a way to overcome this uncertainty and to proceed to planning and design 
improvements to how infrastructure is integrated into landscapes.  

Three specific metrics were identified as illustrative and descriptive of landscape impacts of 
infrastructure: (a) land use, (b) visibility and (c) public perception. Through the investigation of these 
metrics both the quantitative-spatial and the qualitative-perceptual aspects of landscape impacts of 
infrastructure works could be addressed. Additionally, the metrics were also already established in 
relevant literature regarding wind, solar and hydroelectric energy works. Therefore, additional 
emphasis was given on utilizing the largest possible global data sets from realized projects but also 
on maintaining an independence from potential biases of data due to terrain differences between 
origin countries as well as from design-quality standards differentiations.  

The results of the investigation, are presented in detail in Section 2 (or in this Section, condensed in 
the graphical abstract of Figure 30) and the primary conclusions are the following:  

 Wind energy works were identified as the most impactful to landscapes, on average, both 
spatially and perceptually, followed by solar and hydroelectric energy works, respectively. 

 The quantitative (spatial) aspect of landscape impact was found to be directly correlated to 
the qualitative (perceptual) one. In other words, infrastructure works that introduce 
negatively perceived elements into larger landscape areas and produce the most extensive 
visual impacts are also the ones that are perceived most negatively by the public. In the 
examination of landscape impacts of RE works this was demonstrated by the fact that the 
types of infrastructure that cause the most extensive impacts from a spatial perspective are 
also the ones that are perceived more negatively. 

 The above-mentioned conclusions offer enlightening insights for the scientific debate over 
the emotionality or rationality of landscape-impact induced opposition and its relation with 
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the NIMBY phenomenon. In particular, the results demonstrate that public perception is more 
negative for types of infrastructure works that are actually linked to increased landscape 
impacts, through the examined metrics. In that logic, it is reasonable to argue that uncritical 
attribution of landscape-impact opposition to underlying NIMBY predispositions should be 
avoided. Instead, research should be focused on the investigation, assessment and 
eventually, on the mitigation of landscape impacts from the various types of infrastructure. 

 Two characteristics of infrastructure works were identified as crucial for the type of public 
perception that their transformations to landscapes receive: 
1) Perception of industrialization is the major determinant for negative perception of 

infrastructure in terms of its landscape impacts. This perception is particularly incited by 
types of infrastructure whose form is completely predefined by industrial-technical 
specifications. In the case of large-scale renewable energy works, these problems are met 
with wind and solar energy projects, since wind turbines and solar panels have fixed forms 
and shapes that cannot be modified to fit into local landscapes, architectural traditions 
and preferences etc. Similar critique has been observed for other types of infrastructure 
works, with similar characteristics, such as overhead electric power transmission lines or 
for stacks and cooling towers of fossil fuel power generation complexes. We named these 
types of major infrastructure "non-architecture-friendly" infrastructure. 

2) Infrastructure works that are capable of receiving architectural treatment enjoy more 
positive perception, particularly so if architectural and landscape design designs studies 
are implemented. In our investigation this observation was initially made for hydroelectric 
dams, for which positive perceptions over their landscape transformations were found to 
be predominant. Other infrastructure works such as bridges, ports and airports also enjoy 
the same benefits, as they are also receptive of architectural treatment, to varying extents. 
We named these types of major infrastructure "architecture-friendly" infrastructure. 

Overall, we conclude that landscape impacts are indeed different among different types of 
infrastructure and should be dealt with according to the extents of their spatial impacts and the 
public perception over those impacts. Effective policy for the mitigation of landscape impacts of 
infrastructure should combine both measures for the mitigation of the negative visual impacts of the 
so called "non-architecture-friendly" infrastructure and measures for the exploitation of the positive 
aspects of the so called "architecture-friendly infrastructure". So far, policy has mainly focused on the 
former, primarily in the form of project-oriented visual impact analyses, which are analysed and 
expanded in Section 3. A more holistic approach should include both approaches, thus dealing with 
landscape impact of infrastructure as cumulative problem and utilizing all available means to reduce 
it from all possible directions. A more comprehensive framework of designing and planning 
infrastructure for landscape integration can reduce their impacts and consequently the public 
opposition incited by them; overall, contributing to increasing the sustainability of infrastructure and 
the facilitation its development. 
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Figure 30. Graphical abstract of the results of Section 2. 

5.2 Upgrading spatial planning for the mitigation of landscape 
impacts by reversing visibility analyses 

Visibility analysis has been established as the primary method for the anticipation and assessment of 
landscape impacts of infrastructure. Its importance has increased along with the increase of the 
spatial requirements of infrastructure during the last two decades, primarily due to the expansion of 
wind and solar energy works. These works affect larger areas of land than other civil infrastructure, 
can alter the visual scenery of countries in double digit percentages and are often perceived as 
elements of landscape industrialization. The mitigation of the landscape impacts of such types of 
infrastructure, can only be approached by targeted planning and siting so that their visibility from 
within areas of high landscape value is reduced. Architectural or landscape treatment is not a 
potentiality for utility scale developments of wind turbines or solar panels, since their shape and form 
cannot be modified and such works were included in the category "non-architecture-friendly" 
infrastructure, along with overhead power transmission lines and other similar works.  

Visibility analysis has therefore already been used extensively to assess landscape impacts of RE 
projects. However, conventional visibility analyses have been restricted by important limitations as a 
planning tool. In particular, the predominant viewshed-type visibility analyses cannot be 
implemented in the early strategic planning of infrastructure, as they require the finalized locations 
of projects as input. Thus, landscape impacts of proposed projects can only be assessed after the 
locations of the examined projects have largely been partially or fully finalized, therefore usually, 
after the licensing of projects in underway. This has hindered the timely projection of landscape 
impacts, as evidenced especially in the case of wind energy development, and has impeded their 
mitigation, arguably contributing to the contemporary issues of significant public opposition that is 
largely prompted by landscape impacts. It is thus overall argued that even though visibility analysis 
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has so far been implemented a posteriori and in a project-site spatial scale it would be more useful 
as a planning tool if it was implemented a priori and at the regional or national scale, which however 
is impossible in its conventional format. 

In this research, in Section 3, the implementation of a methodological shift in visibility analyses is 
proposed as a solution to the above-mentioned shortcomings. Specifically, we propose shifting the 
focus of visibility analysis from the infrastructures that cause visual impacts to the landscape elements 
that should be protected from such impacts. With this modification, reverse visibility analyses can be 
implemented precautionary from the perspective of important landscape elements and therefore 
can be already ready for use in early stages of investigation of the siting of projects, much before 
their design studies and before the steps of licensing and EIA. 

Reverse visibility analyses, in the format of R-ZTVs (Reverse Zones of Theoretical Visibility) or in 
similar configurations, benefit from the following advantages, as demonstrated through the 
theoretical and practical investigations of Section 3 (also summarized in Figure 31): 

1) The reversal of visibility analyses enables their use into the early planning stages of 
infrastructure, which has been impractical so far. Since important landscape features 
(historical-archaeological sites, cultural monuments, touristic areas, etc.) are in fixed and 
known locations, visibility analysis can be instead carried out from their perspective in the 
form of reverse viewshed, using their locations as input. The combination of the computed 
reverse viewsheds in R-ZTV-type maps formulates a novel type of map that projects potential 
visual impacts to the examined landscape elements. This map can be used as early as in the 
conception phase or can be integrated into multi-criteria strategic planning studies, along 
with other technical, economic and environmental criteria, thus allowing for the early 
anticipation of potential landscape impacts. 

2) After a single calculation, R-ZTV maps of protected landscape elements can then be used for 
the assessment of landscape impacts of any potential project in their proximity. Hence, in 
terms of policy implications, R-ZTV maps can potentially render the requirement for 
individual visibility analyses for each new project obsolete, thus accelerating the relevant 
stages of EIA. Since protected landscape sites are static, the reverse viewshed computation 
of every site is only required once, and would not need to be re-calculated for each new 
project, as is the case with common visibility analyses. A new implementation will only be 
required if basic geometrical features of examined projects, such as wind turbine or solar 
photovoltaic panel heights, are modified significantly. 

3) The proposed R-ZTV analysis, can have a more synergetic relation with participatory 
planning, design and decision-making processes. These processes have been identified as 
pivotal for the mitigation of landscape impacts of infrastructure and of the associated public 
opposition. In particular, R-ZTV maps can be co-produced with local communities and 
landscape protection institutions, by allowing their involvement in the selection of the 
landscape features to be included in the R-ZTV analysis. Thus, from the perspective of these 
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communities, R-ZTV maps can facilitate their direct involvement in planning processes and 
also ease the communication and public discourse over projected landscape impacts. 

4) Finally, R-ZTV maps can be used independently by stakeholders in infrastructure 
development from the early planning phases of projects, when siting is still under 
consideration, allowing for better-informed siting decisions. From the perspective of 
investors of RE or example, R-ZTV maps can be used for the selection of project locations 
with low anticipated landscape impacts, from preliminary stages of development such as 
early planning or conception, in order to reduce investment risks.  

 

Figure 31. Graphical abstract of the concept of reverse visibility analysis and its benefits 

5.3 The role and potential of architectural and landscape design in 
major infrastructure 

In Sections 2.4.2 and 4.2.3, architectural adaptability potential was identified as a significant 
parameter that can facilitate the positive public perception of landscape transformations by 
infrastructure works that enjoy it. Therefore, we grouped infrastructure works that can be treated 
through architectural and landscape studies: e.g., dams, bridges, water and wastewater treatment 
plants, airports etc. under the term "architecture-friendly" infrastructure. This term is used to 
differentiate between these types of infrastructure with the "non-architecture-friendly" infrastructure, 
such as wind and solar energy works and overhead power transmission lines. 

Nevertheless, albeit being recognized for its importance, architectural design is usually not 
implemented in major civil infrastructure projects, or it is limited to landscape works in the periphery 
of infrastructure without intervening in its surface and functionalities. In Section 4, we investigated 
whether this lack of implementation of architectural and landscape design is justified by its technical 
or cost-related limitations or if the role of landscape-design in infrastructure projects should be 



 

125 
 

reinforced. Landscape-design practice in dam projects was selected as the focus of this analysis, due 
to the fact that landscape-design interventions in dams present a wide spectrum of approaches, 
ranging from minor beatification efforts to full architectural studies or complete lack thereof. Thus, 
through the analysis of the various different implementations of landscape design in dams the 
technical and economic feasibility of landscape design could be evaluated, using data from real 
projects and forming revealing comparisons. Furthermore, the sporadic application of architectural 
studies in dams also allowed us to investigate the effect of architectural design to the public 
perception of infrastructure. We did this by comparing public perception in dams that have been 
treated architecturally to those that have not been, through the analysis of literature and photograph 
uploads in geotagged photography data bases. 

The results demonstrated that landscape design of infrastructure works is beneficial for landscape 
quality perception, cultural heritage and touristic development and that, with proper design, these 
benefits can even be achieved with low costs and without remarkable technical challenge. Thus, the 
primary policy implication of this investigation is that the role of landscape design in major civil 
infrastructure projects should be bolstered and could be supported more, through targeted policy 
and design guidelines or guidances. In this regard, the utilization of knowledge from global best-
practice as reference and inspiration for new designs can facilitate the minimization of the technical 
and economic requirements for the wider integration of landscape design into infrastructure 
projects. 

On a final note, it should be acknowledged that the results of this part of the research are more 
relevant to countries with developed economies that can allocate more resources to the sustainable 
design of projects and that have already developed landscape design and landscape planning policy. 
However, this is not to say that countries with developing economies have no capacity to integrate 
landscape design in infrastructure projects, as several of the cases of dams that were presented in 
this thesis attest to the opposite.  

5.4 Strategic inferences for policy of landscape integration for major 
civil infrastructure - synthesis of the conclusions 

Through the synthesis of the conclusions, we propose a set of inferences for policy regarding the 
mitigation of landscape impacts of infrastructure. These inferences are grouped into a generic 
strategy for assessing, planning and designing major infrastructure with the aim of landscape 
integration. The strategy consists of three successive levels, in decreasing spatial scales. Particular 
emphasis is given on the first level that largely defines the proposed actions in the following ones. 
In more detail the strategy proposes the following levels of analysis for any examined type of major 
infrastructure:  

(Level A) Generic theoretical investigation in global scale:  

Investigation of the generic landscape impacts of the examined type of infrastructure work 
utilizing academic literature and realized data from global sources. Assessment of the generic 
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severity of landscape impacts of the examined type of infrastructure both quantitatively-spatially 
and qualitatively-perceptually. 

In more detail, based on the investigation of Section 2, the following two questions should be 
answered:  

(i) Are the landscape impacts of this type of infrastructure generally identified as intrusive in 
literature in terms of land use, visibility and public perception? How do their impacts in 
this regard compare with other types of infrastructure with similar purpose? 

(ii) Is the examined type of infrastructure capable of receiving architectural treatment or is its 
form rigidly defined by industrial or technical specifications? According to the answer to 
this question the examined type of infrastructure can be labelled as architecture-friendly 
or non-architecture friendly. 

(Level B1) National and regional level spatial planning:  

If from the answer of question (i) it is concluded that the examined infrastructure type is perceived 
as highly impactful and also has high demands in terms of land use and/or generates extensive 
visual impacts then particular emphasis should be placed in its spatial planning, no matter what 
the answer to question (ii) is. For types of infrastructure works that are identified as highly 
impactful to landscapes both perceptually and spatially the mitigation of their visual impacts to 
important landscape elements or areas should be prioritized. 

In this regard, the implementation of reverse visibility analyses and their use in their national-
regional scale spatial planning is seen as an upgrade to current practices of conventional visibility 
analyses, which are carried out in the project-site scale. Reverse visibility analyses, such as the R-
ZTV methodology developed in Section 3, can be utilized to facilitate the a priori and accelerated 
anticipation of visual impacts. Potential project locations with high anticipated impacts can be 
dismissed earlier that with conventional visibility analyses and thus potential conflicts and project 
delays can be averted. The R-ZTV methodology is also compatible with participatory planning 
processes, which have been recognized as essential in efforts to mitigate landscape impacts and 
increase the public acceptance of projects. 

(Level B2) Architectural and landscape design in the project site scale:  

If the answer to question (ii) is affirmative, this means that the implementation of architectural 
studies is possible in the examined type of infrastructure.  

For these types of infrastructure works, the implementation of architectural and landscape design 
studies is proposed. From the investigation of Section 4, it was demonstrated that the 
implementation of architectural and landscape studies can be carried out while only demanding 
an increase in the order of 1% of the projects' budgets and without posing any significant technical 
challenges. Furthermore, it was demonstrated that architectural and landscape studies can have 
measurable positive impacts to the public perception of the works they are implemented in. 
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In more detail, two different options can be identified for the implementation of architectural 
studies in infrastructure works that belongs in the "architecture-friendly" group, in the context of 
policy: (B2i) the imposition for a universal requirement for the implementation of architectural 
and landscape design studies (B2ii) the identification of particular cases or projects in which the 
application of architectural studies should be required, depending on the anticipated severity of 
their landscape impacts and on the perceived quality of the landscape in which they will be built. 
Reverse visibility analyses could be used to this regard, in order to identify which proposed 
projects are projected to cause visual impacts to areas of high landscape significance and 
therefore enforce the implementation of architectural studies in such projects only. 

The decision over the preference of universal or selective architectural treatment will probably 
also depend on the economic-developmental status of the country/region that implements such 
a policy as well as on the public perception regarding the landscape impacts of the examined 
type of infrastructure that was assessed in question (i).  

The strategic inferences of this Subsection of the Conclusions, primarily refer to those responsible 
for the development of legislation, licencing procedures and guidances for the planning and design 
of infrastructure in the national or regional level. In addition however, they can also be useful to 
stakeholders in the protection of landscapes and the mitigation of landscape impacts of 
infrastructure and practitioners in the fields of landscape planning, spatial planning and renewable 
energy planning and stakeholders in the development of infrastructure projects. 
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5.5 Directions for future research 
In regard to future research, we mostly focus on the direction of the further improvement of the 
planning and design methodologies that we proposed for the improvement of the integration of 
infrastructure into landscapes. Initially, further steps for the evaluation and utilization of reverse 
visibility analysis for the planning of infrastructure would include: (i) its implementation across even 
larger spatial scales, e.g., in the scale of a whole country and (ii) the incorporation of R-ZTV-type 
maps in large-spatial multi-criteria studies for the investigation of the locations of projects, along 
with the other common criteria that are used in such analyses. Another, interesting area for relevant 
future research would be the investigation of how R-ZTV-type maps can be introduced in policy and 
in licencing procedures of infrastructure. This could be potentially combined with the formations of 
concepts and schemes for the participatory formation of those maps, by the inclusion of bodies and 
organizations involved in the management and protection of landscapes in the selection of 
landscape sites to be protected. Furthermore, qualitative analysis of the efficacy of reverse visibility 
analysis in assessing potential landscape impacts, e.g., by means of photomontage and questionaries 
for visitors of important landscape sites, would also be useful. Finally, further research should also be 
carried out in the direction of architectural and landscape design of major infrastructure projects. 
Following the identification of architectural treatment potentiality as an important attribute of some 
infrastructure projects and the eventual split of infrastructure between the classification of "non-
architecture-friendly" or "architecture-friendly" infrastructure, we believe that further research is 
required in regard to the latter. In particular, we propose that studies following the format of our 
investigation on the utility, costs and technical requirements of the architectural design of dams 
should be expanded to other "architecture-friendly" infrastructure works. For example, to bridges, 
water and wastewater treatment plants, water supply works, airports, etc. Additionally, the formation 
of best-practices guidelines for the architectural treatment of infrastructure works would also be very 
useful and could contribute to reducing the cost, technical and maintenance requirements of such 
applications in the future. 
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8 APPENDICES AND SUPPLEMENTARY MATERIAL 

 

Appendix A – Details over data screening and selection of metrics and 
technologies 

Other metrics and technologies 

Other quantifiable aspects of landscape impact from RE that are acknowledged but were not 
reviewed are listed below, along with a brief description on why they were not included: 

a) Full life-cycle landscape impact: For a comprehensive understanding of the overall impact of 
RE on landscapes a full life-cycle impact analysis is necessary (Fthenakis and Kim, 2009; 
Voorspools et al., 2000). However, the analysis of impacts from facilities and processes of 
manufacturing and decommissioning RE machinery and infrastructure components is a 
complex task that requires specialized research, and unfortunately relevant studies are scarce 
(Fthenakis and Kim, 2009; Lagaros et al., 2015). Additionally, it exceeds the boundaries of 
national and regional planning and sitting practices, which are in focus in this analysis, since 
life-cycle impacts do not concern a single region or country but are spread across several 
countries (Smoucha et al., 2016). For example, the materials required for manufacturing wind 
turbines include steel, carbon fibre, cast iron, fiberglass and aluminium (Martínez et al., 2009; 
Psomopoulos et al., 2019), most of which are imported to the countries that manufacture RE 
technology. 

b) Duration of impact: Duration of impact (Koellner and Scholz, 2008; Pasqualetti and Stremke, 
2018) was not examined in this analysis. Since renewable energy is designed to be a 
permanent replacement for fossil fuel, RE developments are expected to provide 
continuously to the new fossil fuel- free energy world until new technologies can replace 
them. The type and extents of landscape impacts remaining after a large scale decommission 
would differ for each technology (Psomopoulos et al., 2019), but were overall considered a 
distant problem. 
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c) Short-term construction related landscape impact: Short-term construction related 
landscape impact was not examined. Emphasis was put on large scale and long-term impacts 
and therefore impacts during the life span of the project were prioritized. 

In regard to RE technologies that were not included in the analysis, the most developed were small 
hydroelectric dams, amounting to approximately 11% of the total installed capacity of hydropower 
globally (148 GW in 2016) (Couto and Olden, 2018), and offshore wind energy, with 18,8 GW of 
installed capacity globally (Global Wind Energy Council [GWEC], 2017). In comparison, the global 
installed capacity of solar energy, which is the least utilized out of the three technologies that were 
examined, was 222 GW (World Energy Council [WEC], 2016c). It is pointed out that both small 
hydroelectric dams (Kelly-Richards et al., 2017) and offshore wind turbines have distinct 
characteristics and should be analysed independently regarding their landscape impact. 

Primary study screening 

Study screening was more complex in the review of land use and visibility, which are quantitative 
(spatial) metrics, due to the fact that their estimates are greatly dependent on parameters such as 
terrain, energy efficiency, scale of data sets used etc. These additional parameters were thus 
addressed through the secondary study screening. In the review of public perception, on the other 
hand, which is an exclusively qualitative (perceptual) metric, the collection of studies from academic 
databases was adequate for the statistical analysis of literature and further screening was not 
required. 

Secondary study screening 

This Section is dedicated to additional clarifications over the secondary screening methods for the 
literature review on land-use and visibility: 

Scale of data sets: The scale of datasets used in the estimates that were distinguished for generic 
applicability, depended on data quality and availability. Limiting factors to the exclusive use of global 
data were their scarcity and the difficulty in maintaining an overview of their reliability, which was at 
times questionable for estimates based on the largest available datasets (as described in Appendix 
B for hydroelectric land use). As a result, for example, in the review of land-use studies based on 
national datasets were finally utilized (Denholm et al., 2009; Ong et al., 2013; Trainor et al., 2016) and 
in the review of visibility studies based on regional data were also included (Degórski et al., 2012; 
Díaz Cuevas et al., 2016; Möller, 2010; Tsilimigkas et al., 2018), since national-scale visibility analyses 
(Rodrigues et al., 2010; Scottish Natural Heritage [SNH], 2014; Statistics Netherlands [CBS] et al., 2014) 
were scarce and global scale visibility analyses were not found. 

Terrain: As an example of the utilization of the ruggedness index of Nunn and Puga in our study we 
present the examples of Switzerland (CHE), which is an exceptionally mountainous country and has 
a ruggedness index of 4.76, and Brazil (BRA), which is an exceptionally flat country with a ruggedness 
index of 0.24. Based on their ruggedness index, countries with similar characteristics were excluded 
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from the generic estimation of average hydroelectric reservoir size (Dones and Gantner, 1996; 
Fearnside, 1995; Gagnon and van de Vate, 1997), as their results were not considered of generic value. 

Energy generation efficiency: Since data where not always available in the desired format, 
conversions of installed capacity to expected average energy generation were made, using the 
capacity factors (CF) of the technologies examined (Table 11). The cases in which such conversions 
were carried out are reported in the text. 

Realized data vs. theoretical estimates: Even though theoretical estimates were also useful, especially 
when data from built projects had not been collected (as was the case with visibility analyses for solar 
energy (Rodrigues et al., 2010)), they have also been found to differ from reality, in some instances. 
Such a case, for example, is the discrepancy of theoretical from realized CF of wind energy, described 
by Boccard (2009), which was one of the examples that acted as alerts for prioritizing realized data 
over theoretical estimates, when possible. 
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Appendix B – Analysis of older estimates of hydroelectric land use 

In this Appendix, further details on the older studies with estimates of hydroelectric land use are 
provided, with emphasis on the characteristics that hindered their generic applicability. 

Gagnon and van de Vate (Gagnon and van de Vate, 1997) thoroughly researched the subject of 
hydroelectric land use in the context of estimating the greenhouse gas emissions produced by 
reservoirs. The data analysed by Gagnon and van de Vate are extensive, and produce a weighted 
average of 91 448 m2/GWh. However, the national-scale studies they cite, which analyse data from 
China (Ziqiang et al., 1996), Switzerland (Dones and Gantner, 1996) and Finland (Väisänen et al., 1996) 
could not be found and accessed for a more in depth-analysis of the datasets used. The study of 
Dones and Gantner, even though it is apparently based on a large percentage of Switzerland’s 
installed capacity, would be unsuitable for the discussion on generic hydroelectric land use, since 
Switzerland has exceptionally mountainous topography. Similarly, the study of Väisänen et al. would 
again be unsuitable, this time due to flat topography, since Finland is slightly outside the ruggedness 
limits set for this analysis in Figure 2. On the other hand, the study of Ziqiang et al. would be useful 
if more information on data sets used could be found, since it is referenced that it includes data from 
a significant percentage of the installed capacity of China, at the time (1996) and China has a 
ruggedness index close to the global average.  

Ledec et al. (Ledec and Quintero, 2003) conclude on 600 000 m2/MW as a global average land use 
of large hydroelectric dams, based on personal communication with J. Goldemberg. Other than this 
personal communication, the report includes data from 49 hydroelectric reservoirs whose weighted 
average, in terms of installed capacity, is 546 958 m2/MW, that is, in line with their global estimate. 
However, based on their selection of data the estimate of Ledec et al. should be more accurately 
described as an estimate of land use of reservoirs with extreme environmental and social impacts 
from developing countries, rather than an estimate of global average hydroelectric land use. Even 
though the projects included in the analysis originate from various countries globally, it is noticed 
that 47 out of the 49 projects were from developing countries and least-developed countries, 
according to the United Nations categorization (United Nations Department for Economic and Social 
Affairs, 2019). No further justification is provided on why these particular projects can be used to 
reach conclusions on a global average. Secondly, even though most data refer to hydroelectric 
projects with installed capacities over 100 MW, the only projects included whose capacities are 
smaller than 150 MW have some of the largest ratios of inundated land to installed capacity found 
in literature. In particular, these are five small projects from countries with developing economies 
with installed capacities of 34, 30, 30, 29 and 16 MW. These projects average 16 527 300 m2/MW or 
53 568 400 m2/GWh for reservoir land-use, which is even larger than the most pessimistic estimates 
of average hydroelectric land use by two orders of magnitude. Additionally, as stated in the report, 
it "includes a few multipurpose projects for which hydroelectric power was less important than other 
objectives", which certainly contributes to overestimating the reservoir area. Furthermore, some of 
the projects were listed with erroneous installed capacities or have since been upgraded with larger 
installed capacities, such the Pak Mun and Akosombo dams. 
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The study of Goodland on the environmental sustainability of hydro projects (Goodland, 1995) has 
been cited in several occasions, when discussing hydroelectric land use (Gagnon and van de Vate, 
1997; Ledec and Quintero, 2003; Williams and Porter, 2006). Many of the projects presented in this 
study are common with those of the dataset used by Ledec et al. (Ledec and Quintero, 2003), with 
the difference that the few small projects with extreme land use that Ledec et al. have included in 
their data are not included in the study of Goodland. Similar to Ledec et al., land use data originate 
mainly from developing and least-developed countries (69 out of the 73 projects). Goodland himself 
however, makes no claim that the data set he compiled in his study is representative of the global 
average of hydroelectric land use and comments that "corrections or additions… would be most 
welcome". He also comments on the purposes of the reservoirs presented that the "most are 
hydropower, rather than irrigation or flood control reservoirs", but evidently not all, incorporating 
additional bias to the use of his estimations as a generic estimate of hydroelectric land use. 
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Appendix C – Detailed methodology and results of the perception analysis 
of Section 2.2.4 

The exact algorithmic procedure followed to label publications over their perception on landscape 
impact of RE technologies comprised of the following steps: 
 

1. The abstract and keywords were read to determine if landscape impact of RE was the main 
point of focus or one of the main points of focus of the article. If it was not the article was 
labelled "Irrelevant" and did not proceed to the next steps19. 

2. The introduction, conclusions and discussion of the article were read.  

3. If at least one sentence was found, by the authors or by reference to others, in which it was 
evident that landscape impact was considered a problem of the RE technology examined, 
the article was marked for having at least one negative reference. 

4. If at least one sentence was found, by the authors or by reference to others, in which it was 
evident that the RE mentioned was considered to have a positive contribution to the 
landscape the article was marked for having at least one positive reference. 

5. If either a positive or negative or both types of references had not already been found, the 
whole article was then searched for the words: landscape, visual, aesthetic and tourism. 
Sentences containing any of these words were read to ensure that no relevant parts of the 
text had been omitted. 

6. Based on the sentences found and analysed in this second search the article was marked 
accordingly, as having at least one positive or negative reference. 

7. If only one of the two types of references had not yet been found, the article was searched 
with some additional keywords to ensure that the other type of reference did not exist in the 
text. 

8. If only a positive reference had been found, the article was searched for the words: negative, 
problem and impact.  

9. If only a negative reference had been found the article was searched for the words: improve, 
enhance and heritage. 

10. According to the sentences found and analysed in this third search the article was marked as 
having at least one positive or negative reference. 

 
19 Articles labelled irrelevant are those that included the keywords searched but in context irrelevant to 
landscape impact analysis; In addition, articles that did not specifically address landscape impact of renewable 
energy but just included relevant comments by the authors, without sufficient justification, were classified in 
this category too.  
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11. If the article was marked for having both one negative and one positive reference after all of 
the previous steps, then the article was labelled as being of "Mixed" perception. Otherwise, 
if the article was marked for having exclusively negative of positive references, it would be 
labelled accordingly as being of "Negative" or "Positive" perception. 

The results of these analyses are presented in Table 14 and the sentences used to label the articles 
are recorded in the supplementary material. 

Table 14. Publications that were analysed in the perception analysis of literature grouped by perception label. 
Publications labelled as "Irrelevant" are not cited in this table but are referenced in the supplementary material 
and their percentage is reported alongside the general statistics of the analysis in Figure 6.  

Publisher Type of 
RE 

Positive  Negative  Mixed  

ELSEVIER Hydro (Keilty et al., 
2016) (Sherren 
et al., 2016) 

(Jefferson, 2018)   (Pagnussatt et al., 2018) 
(Ferrario and Castiglioni, 
2017)  

  Wind   (Sklenicka and Zouhar, 
2018) 
(Scherhaufer et al., 2017) 
(Nadaï and Labussière, 
2017) 
(Jefferson, 2018)  
(Grima Murcia et al., 
2017)  

 (Weiss, 2017) 
(Pasqualetti and Stremke, 
2018) 
(Delicado et al., 2016) 
(Nordman and Mutinda, 
2016) 
(van Grieken, 2017) 
(Llewellyn et al., 2017) 
(Maehr et al., 2015) 
(Ribe et al., 2018)  

  Solar   (Pasqualetti and 
Stremke, 2018) 
(Jefferson, 2018) 
(Delicado et al., 2016) 
(Walz and Stein, 2018)  

 (Weiss, 2017) 

WILEY Hydro  (Thaulow et 
al., 2009) 

(Berchin et al., 2015)  
  

  Wind   (Petrova, 2013) 
(Phadke, 2011) 
(Berry et al., 2011) 
(Horbaty et al., 2012) 
(Lee, 2017)  
(Burton et al., 2001) 
(Nordman et al., 2015) 

 (Devine-Wright, 2005) 
(Fast et al., 2015)  

  Solar 
 

   (Pasqualetti, 2011) 

SPRINGER Hydro  (Matveev, 
1988) 

(Tikhomirova and 
Novozhenin, 2004) 

(Frolova et al., 2015a) 
(Davasse et al., 2015) 
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(Harris, 2011) 
(Sternberg, 1985) 

(Pavlickova et al., 2014) 

  Wind    (Labussière and Nadaï, 
2015) 
(Brahimi et al., 2018) 
(Hajto et al., 2017) 
(Díaz-Cuevas and 
Domínguez-Bravo, 2015) 
(Petri and Lombardo, 
2008) 
(Pavlickova et al., 2014) 
(Huber et al., 2017) 
(Deshaies and Herrero-
Luque, 2015) 
(Steele, 1991) 
(Frolova et al., 2015b) 

 (Betakova et al., 2016) 
(Mathew and Energy, 2006) 
(Wolsink, 2012) 
(Baraja-Rodríguez et al., 
2015) 
  

  Solar    (de Andrés-Ruiz et al., 
2015) 
(Huber et al., 2017) 
(Frolova et al., 2015b) 
(Pavlickova et al., 2014) 
(Franco, 2017)  

 (Mérida-Rodríguez et al., 
2015a) 
(Mérida-Rodríguez et al., 
2015b)  
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Appendix D - Excel tables of perception analysis - Supplementary material 

The supplementary data in regard to the data used in the public perception analysis through 
literature review can be found online at https://doi.org/10.1016/j.apenergy.2020.115367. 
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Appendix E - La Brena II dam landscape design costs 

Table 15. La Brena II dam landscape design costs. 

No. Work* Unit Cost (€) Quantity Budget 
(€) 

1 Planting soil placed on downstream slope m3 28,01 12.614,400 353.329,34 

2 Hydroseeding of herbaceous plants m2 2,67 15.974,784 42.652,67 

3 Hydroseeding of herbaceous and shrubs m2 2,88 3.993,696 11.501,84 

4 Tree supply pc. 19,07 440,000 8.390,80 

5 Tree supply pc. 16,71 860,000 14.370,60 

6 Tree planting pc. 119,94 440,000 52.773,60 

7 Shrub planting pc. 95,14 860,000 81.820,40 

8 Tree planting pc. 2,90 440,000 1.276,00 

9 Shrub planting pc. 1,70 860,000 1.462,00 

10 
Pumping system from the river to the 

regulating tank pc. 66.944,29 1,000 66.944,29 

11 Pumping system to the distribution centre pc. 61.637,98 1,000 61.637,98 

12 
Installation of drip irrigation system in Section 

1 pc. 8.605,50 1,000 8.605,50 

13 
Installation of drip irrigation system in Section 

2 pc. 10.076,62 1,000 10.076,62 

14 
Installation of drip irrigation system in Section 

3 pc. 7.931,87 1,000 7.931,87 

15 
Installation of drip irrigation system in Section 

4 pc. 8.190,46 1,000 8.190,46 

16 
Installation of drip irrigation system in Section 

5 pc. 8.705,46 1,000 8.705,46 
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17 
Installation of drip irrigation system in Section 

6 pc. 8.826,73 1,000 8.826,73 

18 
Installation of drip irrigation system in Section 

7 pc. 7.334,30 1,000 7.334,30 

19 
Formation of downstream face access 

road m 8,67 2.700,000 23.409,00 

Total budget   779.239,46 

Contractor Discount Rate 0,6999   

Final budget   545.389,70 

No. Work Unit Cost (€) Quantity Budget 
(€) 

20 
Complete installation of galvanized steel 

staircase of 1.20 m width pc. 560,00 118,000 66.080,00 

21 

Braided galvanized steel wire 6Φ, 
anchored with screws every 5 m, including 

pretensioners, rings and assembly 
m 3,8 22.240,000 84.512,00 

Total budget   150.592,00 

Contractor Discount Rate 0,828309498   

Final budget   124.736,78 

*The original language of the budget provided to us by Antonio S. Zabal, manager engineer of La 
Brena II dam, was Spanish. Thus, all terms that are presented in this file have been translated by the 
authors to English. 
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Appendix F - Greek dam case study landscape design costs 

Table 16. Greek dam case study landscape design costs. 

Π.Τ Α.Τ Work* Unit Revision 
name 

Cost 
(€) Quantity Budget (€) 

 
Section 1- Downstream slope hardfill moulding  

ΦΡΓ  9.01 

Metal or wood 
formwork for flat 

surfaces m2 ΥΔΡ 6301 4.50 4688.64 21098.88 
 

Section 2 - Downstream slope balconies  

  N/A 
Precast concrete 

units C16/201 pc. ΥΔΡ 6329 450.00 96.00 43200.00  

ΥΔΡ  9.10.04&01 

Concrete 
construction with 

C16/20 m3 ΥΔΡ 6328 82.50 11.49 948.02 
 

ΦΡΓ  8.06.01 

Concrete 
construction with 

C20/25 m3 ΥΔΡ 6329 88.00 63.94 5626.51 
 

ΦΡΓ  9.01 

Metal or wood 
formwork for flat 

surfaces m2 ΥΔΡ 6301 4.50 229.94 1034.73 
 

ΦΡΓ 8.05 

Supply and 
installation of 

concrete 
reinforcement kg ΥΔΡ 6311 0.90 7542.88 6788.59 

 

ΦΡΓ 9.06 

Additional cost for 
forming detailed 
concrete surface 

finishes m2 ΥΔΡ 6304 5.40 404.10 2182.14 

 

ΦΡΓ 8.05 

Supply and 
installation of 

concrete 
reinforcement kg ΥΔΡ 6311 0.90 29387.76 26448.98 

 

  N/A Dam hardfill2 m3 ΥΔΡ 6323 22.50 36.12 812.59  
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ΟΙΚ 71.46 

Rubbed coating 
on meshes with 

lime mortar using 
plastering trowel  m2 ΟΙΚ 7146 11.00 491.28 5404.08 

 

ΟΙΚ 77.01 

Lime water-
colouring of new 

surfaces m2 ΟΙΚ 7701 1.50 491.28 736.92 
 

Section 3- Downstream slope planted space  

Concrete steps  

ΥΔΡ  8.01.03 

Assemblage of 
wires of gabions of 

galvanized wire 
mesh from alloy of 
zinc and aluminium kg ΥΔΡ 6151 2.50 17293.83 43234.56 

 

ΥΔΡ  8.02.01 

Filling of gabions 
with crushed 

material of quarry 
origin m3 ΥΔΡ 6154 16.00 1010.45 16167.28 

 

ΦΡΓ  9.01 

Metal or wood 
formwork for flat 

surfaces m2 ΥΔΡ 6301 4.50 1155.09 5197.91 
 

ΦΡΓ  4.24 

Supply and 
installation of mesh 

support anchors pc. ΥΔΡ 7025  9.00 895.42 8058.77 
 

Preparation of green areas  

ΠΡΣ Δ7 
Supply of 

gardening soil m3 ΠΡΣ 1710 8.50 157.75 1340.84  

ΠΡΣ Δ8 Supply of topsoil m3 ΠΡΣ 1620  5.00 591.55 2957.74  

ΠΡΣ Δ9 Supply of manure m3 ΠΡΣ 5340  24.60 39.44 970.14  

ΟΙΚ 10.01.02  

Loading and 
unloading by 
mechanical 

means m3  ΟΙΚ−1104 1.50 788.73 1183.10 
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ΠΡΣ Γ1  

General soil surface 
formation for 

planting plants acre  ΠΡΣ 1140 100.00 0.61 60.77 
 

Plant material  

ΠΡΣ Δ4.2  

Slope plants of 
category S2 

(cypress) pc. ΠΡΣ-394.2 1.50 14.00 21.00 
 

ΠΡΣ Δ2.2  
Shrubs category 

Θ2 (olive) pc. ΠΡΣ-392.2 3.50 12.00 42.00  

ΠΡΣ Δ6.1 

Herbaceous - 
perennial plants 

category P1 
(thyme) pc. ΠΡΣ-396.2 0.75 405.00 303.75 

 

Planting  

ΠΡΣ Ε1.1 

Digging pits with 
dimension: 0.30 X 

0.30 X 0.30 m pc. ΠΡΣ 5130 0.60 800.73 480.44 
 

ΠΡΣ Ε9.3  

Planting plants with 
balled roots of 

volume up to 1.50 
litres pc. ΠΡΣ 5210 0.80 788.73 630.98 

 

ΠΡΣ Ε9.3 

Planting plants with 
balled roots of 
volume up to 4 

litres pc. ΠΡΣ 5210 1.00 591.55 591.55 

 

ΠΡΣ ΣΤ 2.1.5  

Irrigation of plants 
with ground 

irrigation system, 
automated pc. ΠΡΣ 5321 0.01 1905.87 19.06 

 

Irrigation system  

Primary irrigation network  

ΠΡΣ H9.1.1  

Irrigation control 
solenoid valves 

(solenoid valves), 
ΡΝ 10 atm, plastic 

Φ 2 1/2΄  ́ pc. ΗΛΜ 8  140.00 4.00 560.00 
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ΠΡΣ   

Other equipment 
for irrigation control 

systems 4         15000.00 
 

ΠΡΣ Η3.1 

Pipeline made of 
galvanized iron 
pipe with heavy 

type seam Φ 2 1/2  ́
3 m ΗΛΜ 5  17.10 64.00 1094.40 

 

ΠΡΣ Η5.12.2  
Pressure reducer 

ΡΝ 16 atm Φ 3/4΄  ́ pc. ΗΛΜ 11 28.70 4.00 114.80  

ΥΔΡ  13.03.01.03 

Drawer vales with 
flange diameter of 

100 mm and 
nominal pressure of 

10 atm. pc. ΥΔΡ 6651.1 200.00 4.00 800.00 

 

ΠΡΣ Η7.2.8  

Water filter, mesh or 
disc, plastic, 

nominal pressure 10 
atm Φ 3''  pc. ΗΛΜ 8  400.00 2.00 800.00 

 

Secondary irrigation network  

ΠΡΣ Η5.12.2  
Pressure reducer 

ΡΝ 16 atm Φ 3/4΄  ́ pc. ΗΛΜ 11 28.70 4.00 114.80  

ΠΡΣ Η2.3.5 
Pipeline from PVC 
pipe 10 atm Φ 110  pc. ΗΛΜ 8  9.90 55.00 544.50  

Tertiary irrigation network  

ΠΡΣ Η8.1.1 
Self-regulating 

dripper, accessible pc. ΗΛΜ 8  0.21 862.00 181.02  

ΠΡΣ Η8.2.9  

Driper carrier Φ20 
mm from ΡΕ with 

self-regulating 
drippers and root 

repellent for 
underground 
installation. pc. ΗΛΜ 8 0.94 646.50 607.71 

 

ΠΡΣ Η5.3.2  

Drawer valves, 
brass, threaded Φ 

3/4΄  ́5 pc. ΗΛΜ 11  3.70 68.00 251.60 
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ΠΡΣ ΣΤ2.1.6 

Irrigation of plants 
with ground 

irrigation system, 
automated pc. ΠΡΣ 5321 0.01 800.73 8.01 

 

Section 1 - Crest gabion facade  

ΥΔΡ  8.01.03 

Assemblage of 
wires of gabions of 

galvanized wire 
mesh from alloy of 
zinc and aluminium kg ΥΔΡ 6151 2.50 5329.50 13323.75 

 

ΥΔΡ  8.02.01 

Filling of gabions 
with crushed 

material of quarry 
origin m3 ΥΔΡ 6154 16.00 106.59 1705.44 

 

Section 2 - Crest balconies  

ΟΙΚ 71.46 

Rubbed coating 
on meshes with 

lime mortar using 
plastering trowel  m2 ΟΙΚ 7146 11.00 489.80 5387.80 

 

ΟΙΚ 77.01 

Lime water-
colouring of new 

surfaces m2 ΟΙΚ 7701 1.50 489.80 734.70 
 

ΦΡΓ 9.06 

Additional cost for 
forming detailed 
concrete surface 

finishes m2 ΥΔΡ 6304 5.40 195.80 1057.32 

 

ΦΡΓ  8.06.01 

Concrete 
construction with 

C20/25 m3 ΥΔΡ 6329 88.00 228.29 20089.47 
 

ΦΡΓ  9.01 

Metal or wood 
formwork for flat 

surfaces m2 ΥΔΡ 6301 4.50 830.00 3735.00 
 

ΦΡΓ 8.05 

Supply and 
installation of 

concrete 
reinforcement kg ΥΔΡ 6311 0.90 22828.94 20546.05 
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  Ν.Τ Dam hardfill m3 ΥΔΡ 6323 22.50 213.07 4793.96  

Section 3 - Crest concrete finish  

ΟΙΚ 71.46 

Rubbed coating 
on meshes with 

lime mortar using 
plastering trowel  m2 ΟΙΚ 7146 11.00 247.80 2725.80 

 

ΟΙΚ 77.01 

Lime water-
colouring of new 

surfaces m2 ΟΙΚ 7701 1.50 247.80 371.70 
 

Additional works  

Upstream slope crest  

ΟΙΚ 71.46 

Rubbed coating 
on meshes with 

lime mortar using 
plastering trowel  m2 ΟΙΚ 7146 11.00 486.60 5352.60 

 

ΟΙΚ 77.01 

Lime water-
colouring of new 

surfaces m2 ΟΙΚ 7701 1.50 486.60 729.90 
 

Lighting fixture modification  

ΟΔ Ζ-3.2.3 

Lighting fixture with 
arm and lamp Na 
of 400 W power pc. ΗΛΜ-103 340.00 6.00 2040.00 

 

    
Sum (€) 298211.65  
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