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ALGAE BIOENERGY SITING,
COMMERCIAL DEPLOYMENT AND DEVELOPMENT ANALYSIS
FINAL REPORT

1 INTRODUCTION

The technical assistance on algae bioenergy siting, commercial deployment and development
analysis (hereafter: the Project), service contract number ENER/C2/2012/421-1, awarded to
the Consortium constituted by D’ Appolonia (DAPP), SELC — Biologia e geologia applicate
(SELC) and University of Padua (UNIPD) by the European Commission, Directorate
General (DG) Energy, has a duration of 15 Months.

The Project, started in January 2014, is mainly focused on the scaling up of algal bioenergy
and co-product chains in European market, and it is articulated in the following tasks,
besides the activities performed concerning the project management (Task5):

e Task 0 — Project start-up;

e Task 1 — Siting of algae cultivation systems;

o Task 2 — Identification of the most promising bioenergy and co-product chains;
e Task 3 — Overcoming the barriers;

e Task 4 — Final wrap up and awareness raising.

The first deliverable of the technical assistance was the Inception Report, delivered on
February and consisting of the project implementation plan and of the visibility strategy.

The Interim Report, second official deliverable submitted in July 2014, had the scope to
inform the EC of the progress of the assignment and of the achieved results after a period of
six months of analyses, before its final completion.

The present document follows the same approach as the Interim Report, and provides a full
overview of the activities carried out, of the applied approaches, and of the final figures of
the analysis. Its main objective is to share the findings of the analysis over the entire time
span of the assignment, which encompassed the phases of algae siting, of analysis of the
most promising biofuel and co-products chains, of assessment of the main barriers and
identification of a set of recommendations to overcome the latter.

The assignment has now got to its conclusion and the document is therefore focused on
activities carried out during the overall 15-month period.

The Final Report is composed of the following Sections:

e Section 1 outlines the main objective and the structure of this Report;

e Section 2 illustrates the activities carried out within project start-up (Task 0) and project
management (Task 5);

e Section 3 is a description of the activities performed in Task 1, the algae cultivation
systems siting phase;

a RINA company
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e Section 4 presents the analysis of the most promising production chains for bioenergy and
co-products, including a comparison of the proposed approach with the real experiences
of the three FP7 projects of the AlgaeCluster (Task 2);

e Section 5 is dedicated to Task 3, the assessment of the main barriers to the development
of the production chains and to the provision of a set of recommendations to overcome
those barriers;

e Section 6 encompasses the description of the activities concerning the final wrap up and
dissemination of the project achievements (Task 4);

e conclusions are finally drawn in Section 7.

The project team is based on six Key Experts, leading the colleagues through the pillars of
the analysis, identified in a Project Manager and Environmental Assessment Expert, an
Algae Cultivation Expert, a Bioenergy Process Expert, a Life Cycle Assessment Expert, a
GIS Mapping and Analysis Expert and finally an Environmental Economics Expert.

Along the realization of the services, several interim technical analyses were prepared by the
Key Experts of the team upon conclusion of the several work packages; these technical
deliverables are enclosed in appendices to ease the readability of this document. Among
them, it is possible to find a GIS database for the identification of the most promising
locations for siting, SWOT analyses of both cultivation and biofuel/co-products extraction,
LCAs, recommendations.

The Report is structured in a way so as to be as much intelligible as possible for an external
reader who is looking for an overview of the activities. To this aim, the chapters that follow
are a summary of the main findings of each project task, whereas the complete Interim
Technical Reports prepared along the project development are enclosed in the Appendixes.

The technical reports enclosed in the Appendixes are the following:

e Appendix A: Microalgae cultivation systems and environmental indicators;
e Appendix B: Selection of microalgae;

e Appendix C: Best Siting Suitability Maps;

e Appendix D: Approach to the LCA;

o Appendix E: SWOT Analysis — Algae Cultivation;

o Appendix F: SWOT Analysis — Biofuel and Co-Products Chains;
e Appendix G: Barriers Analysis and Recommendations;

e Appendix H: Questionnaire for Data Collection to FP7 Projects;
o Appendix I: Slides from the Event in Seville;

e Appendix J: Abstract for LCA Workshop in Brussels;

o Appendix K: Slides from the LCA Workshop in Brussels;

e Appendix L: Slides from the Final Event in Brussels.

European Commission DG Energy, Brussels, Belgium Page 2
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2.2

2.3

PROJECT START-UP & MANAGEMENT
WP 0.1: TEAM MOBILIZATION AND ORGANIZATION

The operational work team including representatives and Key Experts of the Consortium
members was established and they have been called to explain the objectives of their
involvement, the work that has been allocated to them and how they fit within the overall
plan. Moreover, the cooperation mechanisms and the procedures for the internal and external
communication were set, ensuring a shared communication strategy. The planning of the
periodical work progress meeting was also defined.

The preliminary Visibility Strategy and the detailed Project Implementation Plan to validate
the project proposal with amendments derived from the Kick-off Meeting were prepared and
delivered to European Commission in form of Inception Report.

In particular, the Visibility Strategy contains indications on how the technical assistance
aims at reaching the audience and how the Project will effectively communicate its activities
and results. On the other hand, the project implementation plan describes all the activities
envisaged within the assignment, task by task.

WP 0.2: STAKEHOLDERS’ ENGAGEMENT

Stakeholder engagement encompasses a range of activities and interactions over the life of
the Project, including stakeholders identification, information disclosure, stakeholders
consultation and involvement.

The involvement of the stakeholders was done following a two-fold path: on one hand,
starting from the available contacts of the Consortium members; on the other, through the
proper introduction by the EC, a fruitful communication was established with the focal
points of the three FP7 funded demonstration projects under AlgaeCluster. This phase was
essential to inform them about the Project purposes, to ensure mutual cooperation as input
providers in the Project chain and to define the collaboration mechanisms that are essential
elements for proper project development. The phase of consultation with the stakeholders is
constantly in place through the exchange of emails, the participation to events and the
exchange of interim figures useful to the network of specialists working on the algae topic.

WP 0.3: DATA COLLECTION

The data collection phase was performed as the most critic and important phase of the
Project. Accurate data collection is essential to maintain the integrity of the Project since its
results will be highly dependent on the quality of input data. For this reason, the selection of
appropriate data collection instruments and sources are of paramount importance to reduce
the likelihood of errors occurring. This phase is made up of the following steps:

e identification of accurate and reliable data sources;
e data collection and analysis;
e preparation and submission of questionnaires.

The main relevant data derived from literature review (scientific publications, biofuel best
practices, case studies, Consortium past experiences and European ongoing and completed
projects), stakeholders involvement and consultation during meeting along with

European Commission DG Energy, Brussels, Belgium Page 3
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2.4

questionnaires delivered to stakeholders with a particular attention to already funded FP7
projects.

Once alternative data sources were identified, the data collection process begun. The process
includes acquisition and assembly of required data and conversion to appropriate formats for
the analysis. An inventory of the background and baseline data was created in order to set up
the reference dataset and implement the following Project phases.

Structured and detailed questionnaires were also prepared and delivered to relevant
stakeholders and implementers via email. In particular, these checklists were circulated to all
the AlgaeCluster projects focal points and other identified stakeholders to collect data on
different site-specific projects. These documents include specific questions concerning the
whole biofuel and co-product chains under environmental, technical and economic
perspectives which can help define the baseline dataset. The objective is to gather technical
data related to practical case studies proven by experience and to strength the collaboration
with the relevant stakeholders. The complete checklist can be found in the Appendix H.

PROJECT MANAGEMENT (TASK 5)

Project Management falls under Task 5 of the Project Implementation Plan. A detailed
overview of the followed Project schedule, including the most relevant milestones and the
interim deliveries can be found in the GANTT chart presented in Figure 2.1. The overall
Project Coordination has been undertaken by the Project Manager, being the major
responsible and contact point for the EC throughout the entire project duration for the overall
project strategy implementation including project planning, performance and financial
control, quality assurance, risk management and contingency planning, and administration of
the Community financial contribution. In this context the following activities have been
performed:

o represent the beneficiaries towards the European Commission, being the intermediary for
any communication between the Commission and any beneficiary;

e receive the Community financial contribution to the project on behalf of the beneficiaries,
administer the community financial contribution regarding its allocation between
beneficiaries and activities;

o review the reports to verify consistency with the project tasks before transmitting them to
the Commission;

e organization of official project meetings such as periodic Progress Meetings, Steering
Committee meetings, Reviews of the European Commission;

o distribution of deliverables and reports to the consortium, and maintenance of a project
archive in the form of a document repository to be hosted by the project website (private
area with exclusive accession by the participants only);

e facilitation of internal communication management, ensuring that an adequate level of
communication exists among the consortium, including through the preparation of
minutes of meetings, and circulars to the consortium where appropriate;

e control over the timely implementation of the project’s duties by the team, including the
collection of inputs for Periodic Reports and for the Final Report, and the preparation of
Deliverables, ensuring that the project implementation is undertaken by all beneficiaries
in full compliancy with the general conditions set forth by the contract.

European Commission DG Energy, Brussels, Belgium Page 4
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It is worth noticing that, in order to efficiently organize the work development and limit
duplication of costs, meetings , steering committees with the presence of all the Key Experts,
site visits of mission and events (also pertaining to other tasks or work packages) have been
as much as possible grouped and organized as different sessions of the same event. In
addition, conference calls with all the key experts were organized every month for project
tuning and scheduling of the required activities. Dedicated phone calls involving two or
more key experts were held even more frequently, every time that a discussion on a relevant
interdisciplinary topic was required before proceeding with a task of the project.

At the end of each task, a draft of the intermediate deliverables were shared among the
partners for comments, reviews and discussion before the official submission. Similarly, the
most relevant intermediate technical deliverables were shared with the EC — DG Energy
officer to update him on the development of the Project, and receive his comments, advices
and approval. During the whole duration of the project, communication was active with the
representatives of the FP7 projects of the AlgaeCluster. The interaction with them was
intensified in the final stages of the project, for two main reasons: the stronger technical
background of the partners and the availability of updated information from both sides.

Figure 2.1: Project Time Schedule

European Commission DG Energy, Brussels, Belgium Page 5
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3.1

TASK 1 - SITING OF ALGAE CULTIVATION SYSTEMS

WP 11 - GIS MAPPING OF ALGAE CULTIVATION SYSTEMS
DEPLOYMENT POTENTIAL

The main objective of this WP is to create high definition suitability maps in digital format
for optimal site planning of the selected algal cultivation systems for different cultivation
environments by means of a GIS based Spatial Decision Support System.

This system helps identify the best solution from a set of alternatives of siting algae plant
and therefore it assists the decision-makers and other stakeholders in complex decision
processes.

This Section provides a general description of the activities carried out as well as of the
achieved results, while the specific assumptions and outcomes can be found in the Technical
Report in Appendix.

3141 Siting Phase Assumptions

The siting of algae cultivation systems relies on relevant assumptions that underpin proposed
project activities:

o this work stands as baseline for the best siting analysis of algal cultivation plants and
therefore an in-depth feasibility analysis is essential to identify the most suitable location
for the specific case study;

o the threshold values used for the selection of advantageous locations represent the most
suitable values and best practices currently available;

¢ standard minimum size for both PBR and open pond (100 ha).

The following box presents the main assumptions used in the analysis.

European Commission DG Energy, Brussels, Belgium Page 6
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Foreword: the complexity and variety of processes involving microalgae impose to take
onboard some assumptions allowing for a macroscopic analysis of the system being
investigated. In several cases, such assumptions do not represent a threshold determining
whether a process is technically feasible or not. Instead, they represent a number of
sensible recommendations based on the current state of technology, some general
economic indicators, and engineering good practice. In other words, it is not stated that, if
such assumptions do not hold, a microalgae-based technology cannot be envisaged, but
that some special (local) conditions must exist so as to justify an exceptional outcome.

Consistently to what declared above, the following assumptions are taken into account:

e Temperature
An annual average temperature is used as a threshold for selecting regions suitable
for algae cultivation (i.e. it is assumed that average temperature must be equal or
higher than 15 °C). Note the below 15 °C, for most microalgae the growth rate is
reduced dramatically.

e Irradiation
A minimum annual solar radiation of 1500 kWh m™ year™ is assumed. In fact,
considering that the yield is proportional to the available light energy and that in
large scale autotrophic cultivation plants, biomass conversion efficiency is not
higher than 2-3%, it is economically sensible to include in the analysis only those
regions with a high productivity potential.

e Evaporation and precipitation
In the case of open pond technologies, annual evaporation is assumed to be less
than 1000 mm/y (to reduce the technology water footprint and/or minimize
pollutant/salt concentration issues), whereas rainfall is supposed not to exceed 600
mm/y (to limit dilution issues).

e Elevation
Although not explicitly indicated the mapping of suitable sites for simple problem
of resolution, it is assumed that no cultivation technology can be established if
located at a quota that is more than 100 m higher than the quota of the available
source of water (to reduce pumping costs).

e Growth driving force
The analysis focuses on the autotrophic cultivation of microalgae. In fact, if the
long-term objective is to achieve both security and sustainability, it makes sense to
rely on solar energy and not to “transfer” the issue on the availability of a different
raw materials that may be converted by microalgae. Thus, although heterotrophic
cultivation could be profitable for value-added products or in some special cases
where cheap carbon-based nutrients may be available, it is unlikely to represent
the technology for large scale fuel production. Note that this assumption des not
exclude mixotrophic approaches, where both light and nutrients are combined

synergically.

Box 3.1: Assumptions on Environmental Indicators and Thresholds

European Commission DG Energy, Brussels, Belgium Page 7
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3.1.2 Selection of Microalgae Cultivation Technologies

After an overview of the current stage of development of available engineering designs and
practices for microalgae cultivation, the selection of a range of effective technologies was
carried out. Microalgae cultivation can be done in open-culture systems (open ponds) and in
highly controlled closed-culture systems (photobioreactors). For the purpose of the Project,
both technologies are taken into account.

In terms of cultivation environments, the approach has been that of retaining quite a generic
and broad-view perspective. Thus, most water categories have been included in the analysis,
1.e. seawater, freshwater, wastewater as well as some mixed environments where the addition
of a wastewater source may represent a sensible choice to minimize costs for nutrients
(especially nitrogen-based ones). We decided to exclude the combination seawater plus
wastewater in the case of PBRs as fouling issues may become particularly severe in such
equipment configurations.

The list of the selected technologies for several cultivation conditions is provided in the
Table 3.1.

Table 3.1: Selected Cultivation Technologies and Environments

Cultivation Technology Cultivation Environment
seawater
freshwater
OPEN PONDS wastewater

seawater + wastewater
freshwater + wastewater
seawater

freshwater

wastewater

freshwater + wastewater

PHOTOBIOREACTORS

313 Selection of Microalgae Species

An in-depth and systematic investigation of microalgal strains to identify optimal microalgae
species for biofuel production was carried out as essential step for the development of the
following Project phases. In particular, a preliminary selection of the algal taxa and
classification of the most promising microalgae were performed. Taking into account Project
objectives, the microalgae are considered, excluding macroalgae species.

The most promising species of microalgae were selected, carrying out an analysis of the
species used in FP7 pilot projects or reported in the most recent scientific literature and
taking into account the experience of Consortium.

The methodological approach used to select microalgae species focused on biological
aspects in the first phase, then practical aspects have been considered. The most relevant
microalgae features as well as the factors affecting biodiesel productivity that are analyzed
include:

e biomass productivity/growth rate (volumetric and areal biomass productivity);
e growth conditions;
e resistance to environmental conditions variations (temperature/PH/salinity);

o cell composition (lipid, protein, carbohydrate content);

European Commission DG Energy, Brussels, Belgium Page 8
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e co-products and application areas;
e cultivation systems (open pond/PBR).

The algal strains to be cultivated should be selected based on many criteria, among which
biomass productivity, cell composition and environmental growth conditions would be
primary but also co-products applications and cultivation technologies represent relevant
aspects to be taken into account. High lipid productivity is not the only factor that should be
considered early during strain selection. Outdoor cultivation should determine whether the
selected microalgae are robust enough to withstand variable local climatic conditions and
whether they can dominate a culture. As for co-product availability, it is expected that
microalgae that offer a multiple product portfolio as part of a biorefinery will be most
applicable to large-scale commercial cultivation. Besides fatty acids with properties relevant
for biodiesel production, high value products such as antioxidants, vitamins, omega-3 fatty
acids should also be taken into account.

A preliminary qualitative analysis was carried out to evaluate species suitability, taking into
account biological aspects. Moreover, a quantitative analysis of the identified species
production in raceway ponds and PBR using different cultivation environments (freshwater,
seawater and wastewater) was performed. According to all the previous criteria, ten taxa
(genus/species) have been selected.

The complete list of the most promising microalgae species is provided in the Technical
Report in Appendix B to compare the biomass and lipid production, growth conditions, co-
product applications and culture techniques of well-known microalgae quoted from various
literatures and FP7 projects.

314 Selection and Mapping of the Most Suitable Macro-Areas

According to the WP objectives, the selection and the mapping of the most advantageous
locations for algae cultivation plants deployment at EU-28 scale were carried out. The
analysis was based on three different levels of details: macro-areas selection, site-zones
selection within the identified macro-areas and Site Territorial Unit (STU) selection within
site-zones. This first phase describes the results of the selection of macro-areas suitable for
algal cultivation at European scale. The methodological approach followed in this phase is
illustrated in Figure 3.1.

European Commission DG Energy, Brussels, Belgium Page 9
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Figure 3.1: Methodological Flow-Chart of the Macro-Areas
Suitability Map Phase

An initial data acquisition phase was performed: territorial data layers (shape and raster files)
have been searched and downloaded from official sources (Eurostat, EEA, etc.) mainly
concerning administrative boundaries, climate parameters (annual mean temperature, solar
radiation, etc.), physical and elevation maps. The inventory of acquired datasets that are used
in the Project is provided in the Technical Report in Appendix. Consequently, the data layers
have been arranged in a geodatabase for the elaboration phase that is developed with open
source GIS.

In parallel, a core set of climatic/environmental indicators to detect the potentially ideal
locations that are derived from literature review (scientific studies, research papers, etc.) and
experts consultation was identified and then restricted to the most relevant ones (solar
irradiation and air temperature) to define suitability at macro-level. These indicators
represent one of the main features that a location should have for successful growth of
microalgae and were mapped at European level. For the selected indicators, threshold criteria
were defined according to project experts consultation in order to filter macro-areas suitable
for algae cultivation.

Preliminary selection of the macro-areas was made using solar irradiation and air
temperature and three wider geographical belts were identified (non-suitable, suitable and
buffer zone) applying the threshold criteria. Therefore, the final outcome of this section is
the production of high definition macro-areas suitability maps in digital format, as baseline
for the best siting analysis of algal cultivation plants.

Figure 3.2 shows EU-28 Administrative Units layer at NUTS 3 level overlaid to the physical
map of Europe (Switzerland is included in the original NUTS database layer), highlighting
three different belts based on suitability degree: non-suitable areas (brown areas), buffer
zones (yellow areas) and suitable areas (green areas). The buffer zone includes intermediate
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areas that are near to suitability. From the suitability map analysis, it is possible to outline
that the suitable areas fall within the 43° N latitude, including almost all the Mediterranean
area. The selection of the macro-areas does not take into account different algae cultivation
systems (open ponds, photobioreactors) that will be analyzed in the next step.

A detailed description of the aforementioned results and assumptions of this section can be
found in the Technical Report of Appendix C.

Figure 3.2: Macro-Area Suitability Map

3.1.5 Selection and Mapping of the Most Suitable Site-Zones

As previously described, three macro-areas for algae cultivation systems with different level
of suitability (suitable-areas, non-suitable areas and buffer zone) were identified at European
scale using as indicators annual solar irradiation and annual mean air temperature. The next
step includes site-zones selection within the detected macro-areas for the two algae
cultivation systems: detection of photobioreactors (PBR) suitable site zones and open ponds
suitable site zones. In particular, nine different cases are considered due to the combination
of the selected cultivation technologies (PBR and open pond) and environments (seawater,
fresh water and wastewater).

The Site Zones are defined as zones at regional scale, within the macro areas and the buffer
zone, where to detect suitable sites for algae cultivation plants. The Site Zones are
separately detected for each major group of algae cultivation plants (PBR, Open Ponds).

The selection process was carried out applying different filters (threshold criteria for
environmental/climatic indicators) to areas belonging to suitable and buffer zones. The
methodological approach that was followed in this section is shown in Figure 3.3.
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The analysis focuses on the autotrophic cultivation
of microalgae

Assumptions The thresholds of the indicators should be
considered in terms of recommendations based on
the current state of technology

2 Level Assumptions

P VE—

1° Level SITE ZONES ) 5 .
Indicators for the selection of Site Zones Solar Irradiation > 1500 kWh™ year™ (annual cumulative)
. o Air temperature > 15°C (annual average)

Precipitation < 600 mm year” (open pond)
Evapotranspiration < 1000 mm year™ (open pond)

Slope < 2% (open pond) <5 % (PBR)

(*) Air temperature (average min of the coldest month) <0°C
(*) Air temperature (average max of the hottest month) >40°C
(PBR)

(*) Control parameters. Used after the selection of the Site Zones to verify the exclusion of areas having those values from the site zones.

Figure 3.3: Methodological Flow-Chart of the Site Zone Selection Phase
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Results

The results of this section is the production of high definition PBR and open pond suitable
site zones maps according to some relevant indicators and thresholds as presented in the
flowchart of Figure 3.3.

The Site Zones maps are presented in Figure 3.4 for Open Ponds, and in Figure 3.5 for PBR.
The most remarkable SZ suitable areas for the Open Ponds are:

e Southern Portugal and S-W Spain (coast and internal regions), S-E coast of Spain;
o In Italy, some parts of Sardinia, Sicily, and Apulia;
e Some parts of the Eastern coast of Greece and of Cyprus.

For the PBR, being the selection criteria less exclusive, the most evident areas result wider
with respect to the Open Ponds, e.g.:

o Southern Portugal and the whole S-W Spain, almost all the Mediterranean coast of Spain;

o In Italy, wide areas of Sardinia, Sicily, Apulia and also some coastal Tyrrhenian areas and
Calabria;

e Greater part of Eastern Greece, lonian coasts of Greece and Crete;

e Almost all areas in Cyprus.

Figure 3.4: Site Zones Map for Open Ponds Systems
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Figure 3.5: Site Zones Map for PBR Systems

3.1.6 Detection and Ranking of the Most Suitable Site Territorial Units

This step concerns the detection of Site Territorial Units within the identified site zones and
the application of SDSS to rank the most suitable ones for algae cultivation.

The Site Territorial Units (STU) are defined as areas, within the Site Zones, where it is
possible to build one or more algae cultivation plants, at different classes of capability.

The STU have been detected for each type of algae cultivation plants as defined and selected
by the project experts. A total of 9 types of plants were considered for the STU selection and
the S-DSS analysis, grouped in two major categories, Open Ponds and Photobioreactors. The
indicators considered and the thresholds applied for extracting the STU from the Site Zones,
are shown in Figure 3.6.
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SITE ZONES
@ ®
OPEN OPEN
P%PNEI;IS P%PNED"IS Pc())F;\lEDr‘lS PONDS PONDS PBR PBR PBR FresPthlsater
Sea water Fresh water Sea water Fresh water Waste water
Sea water Fresh water Waste water Waste water Waste water Waste water
Exclusion Exclusion Exclusion
Exclusion Exclusion Exclusion from from Exclusion from
from from Exclusion from protected protected from Exclusion protected
protected protected from protected areas areas protected from areas
areas areas protected areas Minimum Exclusion areas protected Minimum
II° Level Exclusion Exclusion areas Minimum area = 2 km? from urban Exclusion areas area = 2 km?
STU. from urban from urban Minimum — area 22 km? Proximity to areas from urban Minimum  proximity to
Indicators areas areas area = 2 km Proximity to freshwater Minimum _ areas area 2 2 km freshwater
for the Minimum M|n|>mum ) Distance sea<1km bodies < 1 area = 2 km M|n|>mum ) Distance bodies < 1
identification area22km? 2'°%= 2 km™  from urban Distance km Proximityto 202 = 2 km from urban km
of Site Proximity to Proximity to  area (Corine  from urban Proximity to sea<1km Proximity toarea (Corine  proximity to
Territorial sea <1 km freshwater Land Cover 4103 (Corine  sea<1km Elevation < freshwater Land Cover sea<1km
Units STU - bodies < 1 class 111) < . - bodies < 1 class 111) < .
i Land Cover Distance 100 m Distance
Elevation < km 5 km class 111) < km 5 km
100 m from urban from urban
5 km area (Corine area (Corine
Elevation < Land Cover Land Cover
100 m class 111) < class 111) <
5 km 5 km

Figure 3.6: STU Selection Indicators and Thresholds from Site Zones
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The selection process detected a total of 3669 STU distributed in the different plant types.
As a whole, the number of STU per type of plant ranges from 109 (OP sea water — waste
water) to 651 (PBR fresh water). The size of the STU ranges from a minimum of 2 km®
(constraint) to a maximum of 11,200 km®. The average size is 52.8 km’, but the frequency
distribution of the STU per class of size indicates that more of the half of STU (55.5%) is
from 2 to 10 km”® in size.

The Spatial Decision Support System (S-DSS) was applied for classifying the STU in classes
of suitability (capability classes). The following steps were carried out:

e a matrix (S-DSS matrix) was built for each type of cultivation plant, composed by
indicators (rows) x STU (columns). The STU have been considered as alternatives, to be
ranked in classes of suitability using 4 S-DSS indicators values (Table 3.2). The
indicators values were extracted for each STU from the Corine Land Cover GIS layers or,
in case of the composite economic indexes, elaborated from existing databases. A total of
9 S-DSS matrices were produced;

o threshold values were assigned to each indicator for detecting the suitability degree of
each STU;

e a score was assigned to each STU for any given indicator, calculated on the basis of the
distance of that indicator to the threshold according to utility functions;

e the sum of all scores per each STU gave the total score of capability of each STU. The
STU were then classified in classes of capability (high, mid, low) per each type of algae
cultivation plants according to their score;

e capability maps of the STU were produced per each type of cultivation plant, that will
represent the baseline for elaborating eventual feasibility plans of algae cultivation plants.

Table 3.2: Indicators Used for the S-DSS Classification of STU

Algae Cuiltivation S-DSS Indicator Threshold
Plant Type
. . . Within 5 km from industrial /
All Proximity to industrial plants commercial areas (CLC class 121)
All Proximity to road networks Within 0.5 km from the road network
. 30% of the STU area (optimal, CLC
All Share of agricultural area classes from 211 to 244)
Calculated combining socio-economic
Al Economic Index indicators (5 indicators for waste water
plants, 4 indicators for the other ones -
no threshold)

The scores of all the STU, calculated as above described, range from 0 to 334.3, with an
average value of 78.8 and standard deviation of 57.3. The STU were classified into three
classes of suitability (capability classes), given by the limits of the suitability scores (average
— 1/2 standard deviation) and (average + 1/2 standard deviation) as follows:

o low suitability [Score from 0 to 50.1];
e mid suitability [Score from 50.1 to 107.4, limits included];
e high suitability [Score greater than 107.4].
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A total of 9 STU suitability maps have been produced, each divided in 3 parts per major
geographical area interested (Spain-Portugal, Italy, Greece-Cyprus). An example of
classified STU map for a given cultivation system is presented in Figure 3.7 (Note:
Red=high capability; orange=mid capability; yellow=low capability).

Figure 3.7: STU Classified into Capability Classes for OP / Waste Water
Systems, Spain and Portugal Area

31.7 Economic Factors Relevant to Detection and Ranking of STU

The following description is related to parameters that have a impact on the definition of the
STU described above. Due to the high relevance of such factors, it was decided to dedicate a
specific description to the topic.

Approach

Economic factors for siting are decisive in algae production process. They impact costs and
benefits of a plant location. A first list of indicators and related variables used in the
definition of the Economic index has been drawn in the following table. Proposed indicators
are inspired by the literature on algae bio-fuel (see references). They are available for EU
countries at NUTS 2 and NUTS 3 levels from Eurostat and ESPON databases.' Using
economic indicators for siting must be intended in a qualitative sense. Economic indicators
help understanding, at an aggregated level, whether the situation is favourable for siting in
single STU; none of the above-selected indicators is to be considered as a binding factor in
the location choice. Local situation at micro level could be different and should be further
investigated in a more accurate and refined feasibility study.

! http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database;
http://database.espon.eu/db2/search
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A limited number of indicators have been fixed in order to frame the proposal to the most
significant ones, considering first data availability and last update, avoiding contradictory
meaning (see Table 3.3). Note that some variables can provide information for several
dimension or indicators at the same time. A brief description of indicators with a justification
of associated variables is proposed below.

Table 3.3: Indicators and Associated Siting Variables

Skills

education

Indicators N° Variables Nuts
Waste water 1 Population density 3
Land use 2 Share of industrial, commercial and 3
Industrial plants 3 transport units
(source of CO2)

Transport 4 Potential accessibility by road 3
infrastructure

Investment capacity 5 Gross Value added 2
Labour force and 6 Share of population by highest level of 2

Description of variables and indicators

1. Waste water supply

Variable used:
Population density
Unit:

Inhabitants per square kilometre (km?)

Justification:

Waste water is a source of macro-nutriments (nitrogen, phosphorus and potassium) and
water supply for Algae growth and production in some plants using specific technologies
(see table number below). As direct data in volume (m3) is often not available at local level,
population density provides a good approximation of the population connected to wastewater

collection plants.
2. Land use
Variable used:

Share of industrial, commercial and transport units

Unit:

% (hectares/total hectares area)
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Justification:

Land availability associated with its cost is a key factor when siting. Not all locations are
appropriate for plants. Dense urban areas for example are not expected to be suitable for bio-
fuel production. On the contrary, industrial areas in cities outskirts could offer space
availability and cheaper land. It must be pointed out that industrial areas provide
infrastructures for settlements (roads, sewage, electric grid, etc.) and could also bring in
nutriments and critical inputs in algae production.

3. CO2-nutriment

Variable used:

Share of industrial, commercial and t