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Abstract 
Soil bioengineering is a discipline that combines technology biology, and sociology making use of 
plants and plant communities to help protect and develop land uses and infrastructures, and contribute 
to landscape development, particular in the domain of slope stability and erosion control. These 
techniques rely on biological knowledge to build geotechnical and hydraulic structures and to secure 
unstable slopes and banks. Whole plants or their parts are used as construction materials to secure 
unstable sites, in combination with other (dead) construction material. Thus, soil bioengineering does 
not replace traditional hydraulic or geotechnical engineering (e.g. geotextiles, or concrete blocks), but 
complements and improves other technical engineering methods. Unlike traditional engineering 
methods and approaches, soil and water bioengineering make allowance for the environmental and 
ecological approach at the design and construction stages. 

The promotion and greater adoption of soil bioengineering in the Mediterranean ecoregion is the main 
aim of the Erasmus + ECOMED project. This aim was achieved by generating sector-specific 
theoretical and practical materials and tools essential for the specialization process and enhancement 
of this sector in the region through specialized training. ECOMED already covered this lack developing 
training courses, a collection of analysed case studies and a plant database for the Mediterranean 
region, along with hazard assessment methods and effective selection of methods specific to the 
Mediterranean environment. 

Objectives and methodology: 

• Generate a specific theoretical-practical learning programme, essential for the process of 
specialization of the soil and water Mediterranean bioengineering sector. 

• Develop learning modules adapted to the planning, design and construction of bioengineering 
techniques in the Mediterranean environment, including the selection and analysis of a 
representative sample of bioengineering works in the Mediterranean, over slope, fluvial and 
coastal scenarios, as well as, the development of a database of plants with adequate 
biotechnical properties for bioengineering works. 

• Develop a virtual learning platform that facilitates experimental learning and assessment 
constructively aligned with learning objectives 

Results: 

A total of six learning modules were developed that were submitted to an internal and external quality 
evaluation. The external evaluation was carried out by a group of experts in bioengineering working all 
over Europe. These six learning modules plus the database of plants and a set of twenty-one case 
studies are included in a virtual learning platform and soon to be open online, for the implementation 
of a specialized training for the soil and water bioengineering sector in the Mediterranean 
environment. 
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1 INTRODUCTION  
In the field of environmental restoration, bioengineering comprises a series of techniques that use live 
plant material as a building material, either alone or in combination with inert materials (Schiechtl, 
1988). Fluvial and soil bioengineering are sustainable tools to improve resilience against soil loss and 
degradation. These techniques are generally used in the Atlantic and Eurasian ecoregions and are 
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gaining strength within the Mediterranean regions (Giupponi et al., 2003). Bioengineering techniques 
are also useful to protect natural riverbank areas affected by rapid environmental changes. 
Bioengineering works have a clear dynamic response. Initially, the initial stiffness is offered by inert 
materials. Finally, as time passes, vegetation will play the main role in the stabilization of the site 
(Tardio & Mickovski, 2016). Due to this, a follow-up scheme must be included in the work schedule to 
verify the achievements and errors of the intervention and justify potential corrective actions. The 
difficulties faced by this type of work in a Mediterranean climate require a triangle of highly specialized 
knowledge (new processes, methods and services) within the sector. 

In order to improve the level of specialization of the bioengineering sector in the Mediterranean areas, 
an improved curriculum should be offered from higher education institutions (HEIs) and monitoring of 
existing works. In this context, ECOMED project offers to provide a solid and practical knowledge, 
based on the accumulated experience, to offer to the next generation of specialists and professionals 
a solid and adequate training in techniques of bioengineering restoration in Mediterranean scenarios 
(Gimenez et.al., 2017). This is necessary since specialized training in bioengineering is not offered in 
most Mediterranean countries; there is a great shortage of specialized personnel in improved 
restoration technologies on degraded soils in Spain, Greece, Portugal, Italy, Turkey and the Former 
Yugoslav Republic of Macedonia. 

2 METHODOLOGY 

2.1 Needs analysis 
Based on the needs analysis carried out in the first months, the following aspects were detected: 

• The current lack of transfer of practical knowledge between the different Mediterranean 
countries is preventing a clear evolution of the bioengineering sector in Mediterranean areas. 

• The interaction between the HEIs centers and the bioengineering companies was identified as 
one of the main tools for the specialization needs of the sector. 

• A follow-up stage is the main missing point in the application of bioengineering in the 
Mediterranean region. The analysis of existing bioengineering works will provide theoretical-
practical information essential for the sector's specialization process. 

• A process of adapting existing procedures and routines, which are currently used for the design 
of civil engineering projects and works, should be taken to the field of bioengineering work. The 
new procedures will have to respond to the particularities and the different nature of the 
bioengineering projects, in the context of a changing climate. 

• An offer of specific and accredited training in the sector is urgently needed. 

2.2 Objectives and work methodology 
Based on the needs analysis, the main objectives sought in the project were the following: 

• Develop and implement a strong long-term interaction scheme between companies and HEIs 
centers in the bioengineering sector. 

• Develop tools that support the design and calculation phase of the works 
• Identify successful bioengineering projects and projects to improve knowledge of the sector, 

promote best practices and give credibility to the profession. 

• Take advantage of the accumulated experience of the sector throughout the Mediterranean 
environment through registration / implementation / standardization / transfer throughout the 
bioengineering sector. 

• Generate a specific theoretical-practical program of education, essential for the process of 
specialization of the fluvial and soil Mediterranean bioengineering sector. 

• Develop modules adapted to the planning, design and construction of bioengineering 
techniques in the Mediterranean environment. 

• Develop a virtual learning environment that facilitates experimental learning and assessment 
constructively aligned with learning objectives 
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• Improve applied postgraduate training, closer to a harmonized standard, for professionals from 
consortium countries. 

To achieve the above needs, a methodology was followed that included the following works: 

• Selection of a representative sample of bioengineering works in the Mediterranean area in a 
slope, river and coastal scenario. 

• Analysis of selected works throughout their service life. This task included the analysis in the 
project phase, construction, current status and evaluation of the benefits and results obtained. 
The proposal for improvements for the different phases analyzed was also sought. 

• Development of a database of plants with adequate biotechnical properties for bioengineering 
works in the Mediterranean area. 

• Use of the information obtained for the preparation of a manual and to generate theoretical and 
practical content for the training modules. In total six modules with a total duration equivalent to 
18 ECTS, which forms the basis of a specialization course in bioengineering techniques. At this 
point it should be mentioned that one of the training modules created is fluvial Bioengineering. 

With the previous methodology was given both responses to the needs of the sector and support for 
their specialization process. 

3 RESULTS 
In particular, the results obtained in the project include the following: 

3.1 Protocols 
Three protocols were established to support the development of the project. 

Protocol 1: that supports the selection of bioengineering works that will later be analyzed. Through this 
protocol it was possible to define a varied set of bioengineering works in the Mediterranean area 
where the different types of works and scenarios pursed were well represented. 

Protocol 2: that defines the way to analyze the bioengineering work in such a way that information is 
obtained from all phases of the service life of the work: design, construction, maintenance, monitoring 
and final evaluation of the effects achieved. 

Protocol 3: defining the methodologies to be followed during the fieldwork. This protocol shows the 
possible variables that could be measured in the field to characterize the vegetation, soil and the 
current state of the wood elements present in the work. 

3.2 Vegetation database 
The structure of a database that allows the user to search a set of plants that fits their intervention 
scenario was developed. Although the database is already prepared for the data feeding phase, only a 
limited list of plants has been included. The purpose is to help bioengineers choose which plant 
species to plant on sites subjected to erosion, landslides, with bioengineering structures, etc. The 
database will allow the users to verify or to make decisions about their project at a preliminary stage. 
Species that comprise the natural vegetation communities of a site, in particular those corresponding 
to the first successional stages should be the first choice for species selection. From these species, 
the bioengineer needs to select those that possess the necessary technical characteristics 

3.3 Modular program of specialization in bioengineering works. 
All the information generated throughout the ECOMED project was used in the generation of the 
training contents. Initially, 9 training modules were developed. After the internal audit these nine 
modules were integrated into 6 training modules. Not only the programme structure (number of 
modules) but also the training contents were reviewed and edited. Once this first review stage was 
fulfilled, a group of soil and water bioengineering experts were selected for perform and external audit 
of the training materials. This second review process was developed by the third semester of 2018. 
The information, conclusions and improvement proposals generated during the soil and water 
bioengineering work analysis (all included in the case studies detailed reports) were also utilized in the 
training modules. This is a point worthwhile to be highlighted because it gives a clear practical 
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approach to the generated training materials. By tapping into the bioengineering work accumulated 
experience, the necessary specialization process of the sector is effectively supported. 

3.4 Analysis of works 
A set of twenty-one case studies were selected and analysed (http://ecomedbio.eu/case-studies-
fluvial-coastal-slope). The criteria included in protocol 1 (case studies selection protocol) were utilized 
and a suitable set of soil and water bioengineering works were included. Besides, different service life 
lengths were included which gave us the opportunity to analyse the bioengineering works at the 
different stage/level of analysis included in the protocol 2. Protocols 2 and 3 were utilized throughout 
the analysis and field work of the selected bioengineering works. All the collected information and the 
work analyses were included in the detailed case studies reports. For this task, the bioengineering 
work analysis report template was utilized. This allowed us to present and structure the generated 
information in an effective and useful fashion for achieving the Ecomed project aims and objectives. In 
each analysed case study the following information was generated: 

- Bioengineering techniques used 
- Variables that were calculated 
- Main strategy followed within the intervention 
- Collected fieldwork data, etc. 

4 CONCLUSIONS 
The promotion and greater adoption of soil and water bioengineering in the Mediterranean ecoregion 
is (and will be) the main goal of the ECOMED project. This aim was achieved by generating sector-
specific theoretical and practical materials and tools, essential for the specialization process and 
enhancement of this sector in the Mediterranean region which is the core of the ECOMED project 
strategy and approach; and in the same line, promoting new alliances and dynamics between 
Mediterranean higher education institutions and bioengineering enterprises, within the Mediterranean 
region. In this context, the specific objectives accomplished were: 

• To improve the design/calculation of bioengineering Works 
• To generate a suitable vegetation database for the Mediterranean region 

• To improve the implementation/construction processes 
• To improve the definition and planning of the monitoring of the works 

• To improve the works analysis tools, to be more effective in restoration and rehabilitation 
• To offer innovative and more effective teaching and learning techniques in soil and water 

bioengineering 

With this project, a new long-term dynamic was initiated. The developed program will be continuously 
updated with new findings and conclusions reached within the framework of long-term interaction in a 
Mediterranean environment and within a scenario of climate change. In this long-term approach, 
changing climate effects will be detected and incorporated into the protocols and routines of the 
sector. At the end of the ECOMED project, the three best bioengineering works on slope, fluvial and 
coastal were awarded, an activity that will be repeated every two years. In this competition, the 
implementation of study plans, protocols, routines or approaches generated during the ECOMED 
project will be achieved. As the trained professionals gain experience within the industry, they will 
improve their training program with lectures, case studies, but also with job placement opportunities 
and research / consultancy opportunities for HEIs students / researchers.  

The ECOMED project allocated resources to respond to the academic and business needs. In 
addition, the synergies between these two sectors were considered essential for the achievement of 
the project's objectives. The project will have an open character and a clear commitment to involve 
and implicate the stakeholders of the sector. With the above scheme, all the products, results and 
consequences of the ECOMED project will respond to the real needs of the sector in a sustainable 
manner in the long term. 
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