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1. Excellence
“GRAY” CONCRETE-BASED COASTAL & MARINE INFRASTRUCTURE (CMI) AND OCEAN
SPRAWL (Figure 1)
70% CMIs is concrete,1 yet concrete is known as a poor
substrate for marine flora and fauna to thrive. Cement – the
key ingredient on concrete – is the source of 8% of the world's
carbon dioxide (CO2) emissions2. As global human population
growth accelerates, cement production is expected to increase
by up to 23% by 2050.3 Due to a lack of available concrete
alternatives, CMI is designed and built with little or no
ecological consideration, leading to high ecological footprint of
structures like ports and coastal defense schemes often
resulting in environmental penalties (€900K per acre or
mitigation costs through via artificial reefs) and a prolonged
permitting process (<1 year).
Gray concrete is considered toxic to many marine organisms,
mainly due to its unique surface chemistry which impairs the
settlement of various marine larvae.4 Subsequently, concrete based CMI is typically less diverse than natural
assemblages and has a high proportion of invasive species.5 Replacing natural habitats with concrete-based
CMI creates “sacrificed zones” destroying the marine environment, in opposition to a main goal of
the European Commission’s Marine Directive (to provide ecologically diverse and dynamic oceans) and the
Biodiversity strategy for 2030 that forms a key part of the new flagship EU Green deal. Loss of biodiversity in
Europe costs the EU around 3% of GDP per year and global biodiversity loss is valued at around €50billion.
6
Moreover, standard “gray” CMI are not designed to organically adapt to long term processes related to
climate change, resulting in expensive maintenance - the global cost of corrosion is estimated at €2.2 trillion
annually.7

“GRAY” CONCRETE-BASED CMI WILL
CONTINUE TO RISE WITHOUT AN
ALTERNATIVE
Coastal zones are vital to humans: combinations
of specific economic, geographic and historical
conditions to date attract people and drive
coastal migration. 70% of the world’s megacities
1

Coastal zone management
Climate change: the massive CO2 emitter you may not know about.
Cement technology roadmap
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Lukens R.R. & Selberg C. (2004) Guidelines for Marine Artificial Reef Materials. A Joint Publication of the Gulf and Atlantic States Marine Fisheries
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Partial replacement of cement for waste aggregates in concrete coastal and marine infrastructure: A foundation for ecological enhancement?
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Biodiversity: the hidden cost of inaction
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(greater than 8 million inhabitants) are located in coastal areas.8 2.4 billion people (≈40% of the world’s
population) live within 100 km of the coast.9 This is a trend which is expected to continue in the future,
making coastal development inevitable and inflicting severe stress on natural ecosystems. Coastal growth,
land conversion and urbanization also expose large numbers of people and assets to existing hazards,
sea-level rise and related effects, significantly increasing levels of risk and vulnerability along coastlines. All
these factors highlight a growing global need for effective coastal defense measures (Figure 2). But we
cannot keep protecting ourselves while destroying precious marine ecosystems (Explained in this interview
with ECOncrete® CEO Shimrit Perkol Finkel).
Considering predictions for an increase in
human pressure on coastal zones, sea level rise and increased storminess, there is a growing global need
for more adaptive, resilient, environmentally sensitive CMI, especially with more countries adopting “Blue
Growth” strategies aimed at supporting sustainable management of coastal and marine resources. The EU is
ensuring member countries are enacting and enforcing regulations (e.g. EU Directive 2014/52/EU, water
framework directive; invasive alien species and EU’s biodiversity strategy, French law for the recovery of
biodiversity, nature and landscapes) aimed at mitigating human-induced environmental damages with fines
and penalties for violators. Solutions for decreasing the ecological footprint of coastal projects are
essential for successful economic development, thus providing an opportunity for companies with cost
and environmentally effective solutions.

ECOLOGICAL CONCRETE SOLUTION
ECOncrete® (project coordinator) has created and validated a win-win
solution for both thriving ecosystems and high performing concrete
structures. Their science-based innovative technology is designed to
encourage development of rich and diverse marine life as an integral
part of CMI such as seawalls, breakwaters, and urban waterfronts.
The proprietary technology is based on three core elements (watch
video): bio-enhancing concrete compositions, complex surface
textures, and science-based designs (Figure 3), which work in synergy to decrease the ecological footprint
of concrete CMI while enhancing their strength and durability in a process called Bioprotection.
ECOncrete®'s bioprotection is achieved through the growth of species like oysters that deposit calcitic
skeletons onto the concrete. By these means, concrete is 10 times stronger (tensile strength) compared to
concrete with no oyster growth.10
ECOncrete®’s solutions have continually shown to:
✔ Significantly increase the biodiversity, double species richness and count, as well as percent live cover
of its eco-engineered products compared to standard CMI.11 12 13
✔ Rise compressive strength by 10% and reduce its sensitivity to corrosion due to its innovative admix.
✔ Recruit 8 times more inorganic biomass than Portland cement, strengthening the concrete and
providing it with protection from chloride penetration, corrosion and erosion thanks to species growth.
Importantly, ECOncrete®'s ecological construction elements can be built/precasted/constructed using the
same process used in the construction industry and provides on-site environmental mitigation overcoming
the need for mitigation measures such as artificial reefs.

THE CONSORTIUM
ECOncrete® leads the LIVING PORTS project, an interdisciplinary consortium of 4 partners each chosen to
actively participate in the de-risking, industrialization, and exploitation of ECOncrete’s® revolutionary
technology. Despite ECOncrete®’s success to date, the marine industry is traditional and novel materials
must be proven at scale. The project is a vital large-scale deployment at across 2 sites in the Port of Vigo: 1)
310m2 ECOncrete® sea wall. The public will see the increased biodiversity the technology attracts first-hand
at this site via a first-of-its-kind submerged monitoring and outreach deck developed by Cardama and
supported by 5 bio-enhanced mooring units and 2) 100 ECOncrete® tide pools and armor units. This project
acts as a crucial step toward a fundamental change in the way the CMI industry currently operates, shifting
8

Coastal management facts and figures: Importance of coastal zones to humans
The ocean conferences. Factsheet: people and oceans.
Biologically dominated engineered coastal breakwaters. Risinger 2012
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Seascape architecture – incorporating ecological considerations in design of coastal and marine infrastructure.
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From sea to shore – meeting the challenges of the sea
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Blue is the new green – ecological enhancement of concrete based coastal and marine infrastructure.
9

10

LIVING PORTS

2

H2020 Fast Track to Innovation
a large port away from obsolete “gray” construction, to innovative technologies that foster ecological,
structural, and socio-economic value.
ECOncrete® (project coordinator, material owner and rights to the innovation) is an award-winning
start-up, honored by TIME Magazine as one of 100 Best Inventions of 2019, and by Fast Company in 2019 as
the one of world’s most innovative company and most recently is a finalist in for the Katerva award
(considered the Nobel peace prize for sustainability) and Ray of Hope finalist 2020. The company is led by 2
award-winning marine biologists – co-founder and CTO, Ido Sella (male) was selected as one of Israel’s most
promising individuals under 40. Co-founder and CEO Dr. Shimrit Perkol-Finkel (female) has been lauded with
numerous honors, most notably WE Empower UN SDG Challenge (a business competition for women
entrepreneurs who are advancing the UN Sustainable Development Goals); finalist in women 4 climate tech
challenge; Forward Actor of the year (world’s leading environmental awards, organized by former formula 1
world champion Nico Rosberg – see section 4) and winner of the EU Prize of Women Innovators 2019.
DTU is the abbreviation for the Technical University of Denmark represented by DTU BYG (Civil
engineering) who research in construction material properties and optimization of these for the benefit of
society for sustainable development. They specialize in characterizing and modelling the deterioration of
construction materials across several length scales to support the generic understanding of deterioration
processes. The second institute and vital part of DTU is the National Institute for Aquatic resources (DTU
Aqua). They specialize in understanding and restoring marine habitats with the objective of preserving
marine resources. Both institutes will collaborate on the project to provide a scientific review of
ECOncrete®’s technology (monitor biological, structural and noise reduction impact of ECOncrete®
deployment).
Port of Vigo located in Galicia, Spain, is the biggest fishing port in the world and one of the busiest in
transportation in the NW coast of the Iberian Peninsula. The port has pioneered in EU the implementation
of the Blue Growth strategy, as a collective effort by all port users to promote competitiveness, efficiency
and sustainability in all his activities, installation and services. It was the only Spanish port nominated for
Green Port of the Year. There will provide the port space to de-risk a large-scale project with the
ECOncrete® technology and also support conversations with the Port Authority for ECOncrete® inclusion in
Spain’s recommendations for maritime works (ROM).
Cardama is a global shipbuilder and refit company based in Vigo with a dedicated and growing
Innovation and Research division. They have undertaken countless projects, including the construction of
innumerable fishery boats and commercial boats. Cardama adapts to the current market needs, investing in
relevant new equipment as well as being up to date of the newest sector innovations, such as new material
(composites) integration to the traditional steel market. Cardama will build
an innovative floating observation and viewing deck to enable visitors to the
port to see the biodiversity that the ECOncrete® technology brings. Visitor
engagement is a very important aspect to the Port of Vigo’s Blue Growth
strategy (Figure 4).

1.1

Project objectives

ECOncrete®’s technology has undergone a prolonged R&D and validation
process, including numerous small pilot installations, showing the technology’s ability to integrate into live
sites, improve biodiversity without structural compromise and adaptability
to be used in various forms (amour blocks, tide pool amour, sea mats, sea
walls, piles and jackets and an admix for precast products). The LIVING
PORTS project acts as the first large-scale deployment and will continue to
grow the body of data that supports ECOncrete®’s structural soundness,
impact of marine life and reduction in carbon footprint. It will also review
the impact on sound reduction for the first time. To effectively assimilate the technology to the mass market
and overcome the market reluctance towards adopting our technology at scale, de-risking large-scale
implementation of the technology is required. There is an immediate need to industrialize the ECOncrete®’s
solution and validate a full-scale installation (hundreds of units). This will support ECOncrete®’s application
for inclusion in the Spanish maritime design guidance (ROM). Port Authorities use these guidelines
(equivalents are used across the world) for best practice in construction including materials. The consortium
will exploit the exposure of the esteemed EU-funded project. Cardama are building first-of-its-kind
submerged monitoring and outreach deck that will showcase the increased biodiversity that ECOncrete®’s
technology brings first-hand. Cardama will continue to work with ECOncrete®, building more observation
LIVING PORTS
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decks to showcase ECOncrete®’s technology across EU as highlighting the importance of biodiversity is vital
in changing our relationship with the environment. To achieve this goal the following project objectives
have been defined to be achieved via a 36-month FTI project.
Technical
Objectives

Industrialization
of ECOncrete®
technology

Conduct large
scale
demonstration
R&D and build
first-of-its-kind
monitoring and
outreach deck

Monitor impact of
the ECOncrete®
products

Business
Objectives

Communicate and
disseminate
project results

Potential
customer
engagement

Develop
commercialization
strategy

ROM and EN code

LIVING PORTS

Approach

Success criteria

WP/Tas
ks

Exploration of different materials and
different production techniques to
adapt mold designs to mass
production. Develop large scale mixing
capacity
for
the
proprietary
ECOncrete® admix and ECO Mud
including, sourcing, storage, mixing,
packaging and labelling and logistics.
Produce molds, admix and BioMud in
Israel and mobilize to demonstration
sites. End products casted by casting
manufacturer and constructed by Vigo
at sites.
Cardama will research the materials,
floatability and design of this new
structure to meet practical (access,
drainage, etc.) and safety measures.
Monitor biological, structural and noise
reduction impact of ECOncrete®
deployment. Begin with baseline tests
and monitoring periodically including
control sites in both locations. Optimize
the bio-adaptability for the upscaling
strategy.

✔
Mold designs last 200+
casting cycles
✔
Partner
identified for
mixing facility for 5000 tons
admix
✔
Creation
of
technical
specification document
✔
QA protocols created

WP1:
T1.3
WP2:
T2.1,
T2.2,
T2.3

✔
100 + units deployed in
Vigo
✔
310m2 panels installed in
Vigo

WP3:
T3.1,
T3.2,
T3.3

✔
Viewing deck deployed
✔
Replicable
design
for
future projects

T2.4,
T3.2 and
3.4

✔
50%
increase
in
biodiversity, 30% reduction of
dominance of invasive species,
50% reduction in noise pollution,
5% increase in compressive
strength and 10% increase in
chloride resistance

WP4:
T4.1,
T4.2,
T4.3

Approach

Success criteria

WP/Tas
ks

Develop public relations and marketing
strategies, including far reaching
dissemination and communication
activities from “social media to
science”, to establish presence on the
market and raise awareness among
investors and potential customers
EU-wide as well as internationally.
Engage
with
potential
future
customers, close relationship between
partners (ECO, VIGO and Cardama) for
future relationships.
Update
business
plan
and
commercialization strategy. Establish
clear understanding of market barriers
in different geographic and sectorial
segments. Identify processes and tools
that can expedite and enhance
assimilation
of
ECOncrete®
technologies in different geographic
and sectorial segments. Licensing
agreements outlined.
Engage with “Puertos del Estado” (LOI
attached) to gain inclusion into the
ROM and initiate development of a
new EN “blue” code by engaging with
relevant stakeholders.

✔
Showcase excellence of
project to over 1,000 key
stakeholders during the project.
✔
Results included in at least
2 peer-reviewed journals.
✔
500 pictures uploaded to
social media from the viewing
platform
✔
5 NDAs signed for future
collaborations
✔
1 MOU signed by strategic
partner
✔
Updated business plan
✔
Sound
European
go-to-market strategy including
comprehensive understanding of
vital sectors (ports, wind farms
and land reclamation)
✔
Licensing
agreement
document produced
✔
Inclusion in Ports 4.0
program
✔
Report for ROM inclusion
submitted
✔
Develop new EN code
✔
ECO-engineering added to
Blue Flag award criteria

WP5:
T5.2

WP5:
T5.1,
T5.2

WP5:
T5.1

WP5:
T5.1
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1.2

Relation to the work programme

The LIVING PORTS consortium addresses the specific challenges of the FTI work programme:
Combine trans-disciplinary and cross-sector approaches. The consortium is conformed of two industry
partners: ECOncrete® (IP owner) and Cardama, a port authority (VIGO) and a technical University (DTU). The
partners have complementary backgrounds, knowledge and skills to accomplish the project objectives and
ensure commercial roll-out. DTU provides an independent examination of the ECOncrete® technology, the
Port of Vigo provides industry insight and Cardama, developing a first of its kind monitoring and outreach
deck that enables the public to view the increase in biodiversity, ensures ECOncrete® technology
exploitation.
Breakthrough innovation that creates new markets. Our proposed innovation is the only concrete solution
that reduces the ecological and carbon footprint of CMI while providing the necessary robustness and
resilience required for coastal development work. It can be used in all CMI use cases. Thus, our technology
provides a solution to a mass, global market with a potential value of €30 billion.
Fast, wide market uptake. Our strategy to rapid scale up at EU and global level is to shift from direct sales to
indirect sales and transition from small scale installations to large scale and megaprojects. A key objective
during the project will be to develop licensing agreements with key players (e.g. engineering firms, precast
manufactures, OEM) and define the collaboration between ECOncrete® - Cardama for the future
exploitation of the technology.
Tackle H2020 social challenges, more specifically: 1) “Food Security, Sustainable Agriculture and Forestry,
Marine, Maritime and Inland Water Research and the Bioeconomy” challenge aims to boost innovation
through blue biotechnologies to harness the potential of Europe's oceans, seas and coasts for jobs and
growth. With ECOncrete®’s breakthrough technology, ports (such as VIGO) finally have a material that
enables economic growth through expansion or defense while ensuring biodiverse coastal water. 2)
“Climate Action, Environment, Resource Efficiency and Raw Materials” challenge, namely: a climate change
resilient economy, sustainable management of natural resources and ecosystems and meeting the needs of
growing global population within the sustainable limits of the planet’s natural resources and ecosystems.
ECOncrete®’s unique technology mix encourages biodiverse ecosystems, ensuring greater resilience to
Climate Change influenced fluxes. Moreover, the technology improves the strength and durability of the
concrete. This is achieved directly through application its innovative admix, increasing the concrete’s
compressive strength and reducing its sensitivity to corrosion, and indirectly, through Bioprotection, a
natural process where marine growth protects the concrete from erosion and chloride penetration.
Furthermore, the technology enables pollution reduction in various ways: calcifying organisms operating as
a carbon sink, CO2 reduction through flora growth, noise reduction by creating a buffering effect smoothing
the intensive noise pollution often inflected by commercial vessels and reduced use of Portland cement (an
industry that accounts for 8% of global CO2 emissions).14

1.3

Concept and methodology

(a) Concept
CORE TECHNOLOGY
ECOncrete® disrupts the traditional concrete CMI market with their
patent-protected technology that integrates ecological considerations in
construction elements for coastal and urban infrastructure while contributing to
the structural durability and longevity. This is attained through three key
technology platforms that have a very strong synergistic effect that brings
concrete to life:
1. Concrete composition: Proprietary concrete admix based on unique
pozzolans, recycled materials and byproducts. The bio enhancing admixes are
tailored to enhance marine life in different marine environments
(tropical/temperate, etc.). The admix directly increases concrete strength (up to
10%), which increases as biology adds more strength through bioprotection. It
also reduces carbon footprint (up to 80%) through integrated by-products,
recycled materials, ability to enhance biological process such as biocalcification
and photosynthesis.
2. Surface texture: Advanced casting technologies, biochemical agents, and form-liner designs that generate
14

Making concrete change: innovation in low-carbon cement and concrete.
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complex micro surface textures with increased rugosity, bio-mimicking natural rock/coral surfaces.
ECOncrete®’s latest patent-protected innovation BioMud (figure 6) is a geopolymer form modifier. It does
not affect chloride or water penetration but enables the company to modify the concrete surface without
the need for complex liners, adjusting to different complexities to better support marine and aquatic
biological assemblages. It is then easily washed from the concrete surface after stripping.
3. Macro-design: Science based 3D designs that provide desirable biological
needs which target specific organisms/life stages/endangered species and
reduce the dominance of invasive and nuisance species that typically dominate
“gray” concrete based infrastructure. If our built environment can function like ecosystems, maybe that is
the pinnacle of what sustainable design can be. Our biomimicry technique has been recognized by the
biomimicry institute.
The combination of these three technology platforms, facilitates transferability to different structural CMI
solutions (such as ports, offshore wind platforms, bridge foundations, artificial islands and more) to create
products that mimic natural marine habitats to support a strong ecosystem and decrease the negative effect
of coastal development. The admix is specifically designed for the requirements of marine flora and fauna
to thrive and the surface complexity mimics the one found in natural habitats.

STRUCTURALLY SOUND
From a structural perspective, ECOncrete®’s products fully comply
with the strict requirements of coastal engineering, with respect to
typical industry standards related to compressive strength, chloride
penetration, air content, etc. In addition, the growth of species like
corals, oysters, tube worms and barnacles, that deposit calcitic
skeletons onto the concrete, strengthen the concrete and provide it
with protection (e.g. from chloride penetration, corrosion and
erosion) in a process called Bioprotection. For example, oyster
covered concrete had tensile strength 10 times stronger than bare concrete within as little as 2 years15.
Moreover, marine growth on seawalls have shown to moderate surface temperature changes potentially
increasing operational lifetime16 (to be further investigated by DTU in this project). The solutions provide
financial savings through the reduction of high maintenance costs (ROI in 3 years with just 2-3% reduction
in maintenance).

REDUCE CARBON FOOTPRINT
ECOncrete®’s technology reduces the carbon footprint in a
dual manner. ECOncrete® produces a patented nearly zero
carbon admix that integrates recycled and reuse materials.
The admix typically replaces 10% of the cement in the
concrete mix, and when used in combination of slag cement
and supplementary cementitious materials, can reduce
over 80% of the carbon footprint of the concrete (10%
admix & 70% slag). Moreover, ECOncrete®’s science-based
technology enhances marine life and encourages natural processes like calcification and photosynthesis,
that uptake CO2. Thus ECOncrete® improves the ecological performance of CMI by promoting biodiversity
rather than reducing it. This has several positive spin-offs, including promotion CO2 sequestration in the
marine environment through biogenic growth by corals (120 g of Carbon for every square meter of
ECOncrete® infrastructure yearly), and by enhancing algal growth that increases photosynthetic activity on
15
16

Risinger, J.D., 2012. Biologically Dominated Engineered Coastal Breakwaters.
Coombes, M.A., Naylor, L.A., 2012. Rock warming and drying under simulated intertidal conditions
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the structure. Moreover, as CO2 is found in higher concentrations in the atmosphere, it is readily absorbed
by the oceans, which traditionally act as a carbon sink, removing around 30% of man-made CO2 from the
atmosphere.
UNIQUE SOLUTION: The bio-enhanced concrete has a unique combination of innovative admix, rough
surface textures, and 3D designs that encourage and support colonization of rich and diverse marine plants
and animals, enhancing biodiversity. Not only is the bio-enhanced concrete strong enough to withstand
harsh marine environments. The enhanced marine growth on ECOncrete® actually increases the strength,
and durability of the structure in a cost-effective, low-carbon solution, reducing the carbon footprint of
ports, marinas and other coastal development projects, while making them more resilient and adaptive to
Climate Change. This unique solution is advancing nearly half of the UN’s sustainable development goals.
EU DIMENSION: One-third of the EU population is concentrated near coasts.17 The marine environment
across Europe is protected through the Marine strategy Framework Directive, which is the first EU legislative
instrument (currently under review for a second cycle) related to the protection of marine biodiversity, as it
contains the explicit regulatory objective that "biodiversity is maintained by 2020". Despite considerable
efforts to develop programmes to meet the directive18, 86% of Europe’s coastal ecosystems are at risk – the
most threatened region globally.19 Biodiversity is a natural capital, delivering ecosystem services that
underpin the economy. Its deterioration and loss jeopardize the provision of these services. This makes
biodiversity loss the most critical global environmental threat alongside climate change — and the two are
inextricably linked. The importance of biodiversity is highlighted through several mentions in the EU
Directive 2014/52/EU that harmonizes environmental impact assessments of public and private projects,
water framework directive that prevents further deterioration, protects and enhances aquatic ecosystems,
EU Regulation on invasive alien species and the EU’s biodiversity strategy. It is time to restore marine
ecosystems but to do so Europe needs to invest in ecological restoration. ECOncrete’®s solution solves
several key issues in the marine directive, namely biodiversity, reduction of non-indigenous species and
underwater noise. In line with the flagship EU green deal, it permits coastal growth as the technology brings
economic advantages such as elevated water quality, increased operational life span, structural stability, and
absorption of hydrodynamic forces. The EU is poised to announce the world’s greenest recovery package, as
It seeks to curb pollution and save its economy from the coronavirus pandemic. ECOncrete’®s technology
will transform European coastlines, in line with the region’s blue growth strategy that supports sustainable
growth of the blue economy – a sector that generates €566bn annually, generating €174bn of value added
and creating jobs for nearly 3.5 million people.20

CURRENT LEVEL OF MATURITY
TRL1-4: Technology concept formulated & proof of concept. Creating a structurally-sound, bio-inspired
concrete takes a long time. Work originally began in 2010 after an idea spark turned into a Marie Curie
Post-Doc Fellowship study into sustainable management of urban environments at Bologna University. The
study investigated improving any structure’s biological qualities. After recognizing the problems and the
huge potential in developing an improved concrete, ECOncrete®’s co-founders studied the various elements
of natural tide pools, rocky shores and oyster beds to find key elements they could adopt and incorporate
into an ecology-inspired CMI solution. They identified 3 key elements that could be utilized: material
composition, surface complexity and macro design – the 3 aspects core to their technology. Following this,
an initial proof-of-concept prototype was designed, implemented in the Mediterranean coast and proved
successful at recovering a marine ecosystem. For this, they tested ten innovative concrete matrices to
reduce alkalinity in comparison to Portland cement. Results indicate that slight modifications of concrete
composition and design can improve the capabilities of concrete based CMI to support enhanced marine
fauna and flora.
TRL5-6: Technology validated in operational environment. In 2012 ECOncrete® was officially formed and
since then has continued to R&D the admixture, different surface textures and macro designs through
several live pilot sites, creating various products depending on the project - each of which require a
minimum of 12 months to effectively investigate the effects of ECOncrete® deployment. This includes work
in the Red Sea, Mediterranean Sea and Atlantic Ocean, Savanah Estuary, New York, Brooklyn, Florida, Hong
Kong, Monaco, France, Netherlands and Michigan (2012-2019) and soon to be deployed in Bali, UK,
17

Coastal management facts and figures: importance of coastal zones to humans.
Report assessing member states’ programmes of measure under the marine strategy framework directive.
UN Environment: Coastal zone management
20
€566 billion and growing: the EU blue economy is thriving
18
19
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Caribbean and Australia. Each of these sites have included a maximum of 10 ECOncrete® products, relying
upon unit/batch production. The table below highlights some examples and ECOncrete®’s impact at each
site.
Armouring Units Polinom Port – Haifa (2013-2016)
As part of the construction of a new port in Haifa (Polinom Port), ECOncrete®’s
armoring units were deployed and monitored in comparison to the standard
Antifer units comprising the outer breakwater of the port.
ECOncrete® impact:
- Supported more than double the species richness and biodiversity of
invertebrates when compared to the standard Antifer units (21 species vs
5 on “grey” control units).
- Showed significantly greater fish richness and biodiversity and reduction
of dominance of nuisance and invasive species than standard Antifer
units at the site (14 compared to 7 species on “grey” control units).
- The taxa assemblage shows greater similarity to adjacent natural reef
with high diversity of various species of oysters, sponges, Sabellidae, Serpulidae and tunicates. These
communities contribute to water purification, increase habitat complexity and attract a larger amount of native
fish species.

-

Reduce the magnitude and frequency of structural maintenance, which translates into improved
ecological stability (reduced anthropogenic intervention), as well as a higher ROI (reduced
maintenance costs).

Tide pools and pile encasements Brooklyn bridge park (2013-2016)
ECOncrete® technologies were incorporated into two piers within the park’s renovation plan. At
pier 4, ECOncrete® provided precast tide pools which were integrated between the stones
comprising the riprap to increase the biological productivity of the newly constructed beach. At
Pier 6, ECOncrete® developed an innovative concrete encasement technology applied to restore
the required structural properties of the aging wooden piles while increasing the availability of
substrate capable of sustaining rich marine communities.
ECOncrete® impact:

-

With the tidepools at pier 4 presenting 89 to 100% live cover and higher
biodiversity. The tide pool housed a Harris Mud Crab not spotted in the park area
for several years.
- Natural recruitment of local eastern oyster – a target species for restoration efforts in the region.
- At pier 6, ECOncrete®’s encasements presented between 70 to 100% live cover and high biodiversity
as opposed to only scattered colonization on the control piles.
- Accumulated biomass on ECOncrete® sampling units were more than tenfold compared to control
fiberglass sampling units.
- Performance, and a hands-on (level II) inspection of the encasements conducted by CH2MHILL
engineers a year post deployment found hard and sound concrete.
TRL6-9: Scale-up operation. During the last 9 years, ECOncrete®’s technology has been widely implemented
and validated through a series of pilot tests. Between 2018 and in 2019 ECOncrete® continued to make
partnerships with important stakeholders such as the Port of Rotterdam (greenest port in Europe) and also
initiated vital industrialization work. They filed a provisional patent application for their cast mold forming
compositions (Biomud) – the basis of scaling-up their surface-texture reliant products. To propel the
company from a highly promising start-up with impressive traction into an established, profitable SME,
ECOncrete® is leading this project to industrialize and create a critical mass of clients that deploy their
revolutionary product at scale to drastically improve CMI across the globe. The LIVING PORTS project will
support this trajectory, namely through: technology adaptation for scaled deployment (ECO), execution of
the first-large scale deployment (over 10 times bigger than pilot sites), exposure of an esteemed EU project
at the world’s largest fishing port (VIGO) including a unique observation and viewing deck (Cardama) and a
3rd party (DTU) review of the technology.

(b) Methodology
To reach TRL9 and truly disrupt the CMI market within 3 years, ECOncrete® must adapt its technology (WP2)
and validate its ability for large scale deployment (WP1/3/4). This includes scaling-up the mold design, so it
can be used in more than 200 cycles; scaling up the admix and packaging procedures for maximize
efficiency; developing detailed mixing and packaging procedures and preparing operational QQ/QA
protocols for admix mixing, mold production and ECOncrete® precasting; and monitoring of the efficiency of
LIVING PORTS
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the new designs to confirm earlier success on the larger scale.
Demonstration project summary: 50 amour units and 50 tidepools will be deployed at a revetment at open
waters in the port of Vigo - the first large-scale deployment of the technology. At the heart of the port, a
bio-enhanced seawall will be deployed alongside novel ecological gravity-based mooring units and a floating
concrete dock with a first-of-its-kind submerged monitoring and outreach deck developed by Cardama
facing the enhanced seawall. The dock will showcase the renewed rich Vigo biodiversity to the visitors.
Once deployed, ECOncrete® and DTU will monitor the impact of the technology and quantify the biological
implications, the structural soundness, the sound reduction and the carbon sink ability of the deployed
products (WP4). Each of these factors are vital for attracting a critical mass of customers and a sales
pipeline. The demonstration project and the support of influential Port of Vigo will enable ECOncrete® to
gain inclusion into the ROM, through its connections within the “Puertos del Estado” - ensuring faster
uptake across ports in Spain. The LIVING PORTS consortium will initiate work on the creation of a new EN
code for bio-enhancing improving agents to increase the importance at policy level of eco-inspired products
by working with ESPO/ECOports and work with the Foundation for Environmental Education (FEE) (LOI
attached) to add ECO-engineering to their award criteria (WP5). Potential customers will be invited to the
demonstration sites to see first-hand ECOncrete®’s large-scale capabilities and numerous value propositions
via the Cardama built observation and viewing deck (WP2/5). These state-of-the-art observation decks will
be deployed at future sites to showcase the influence of ECOncrete®’s technology. Additionally, a series of
events at different partners’ sites will show various stakeholders (industry, government and academic) the
results of the project. ECOncrete® will dedicate efforts to readying the company for mass commercialization
by conducting extensive market research with feedback from all consortium partners and create a sound
go-to-market strategy (WP5). A key aspect is the development of the licensing structure that will enable
them to transition from their current project by project business model towards a more scalable licensing
model (WP5).
Sex and gender issues: In general, maritime and bio-economy are characterized by strong gender
differences in their governance, work cultures and professional roles. Men's needs, and concerns have been
traditionally predominant in their economic governance and technological development.21 The LIVING
PORTS project tackles this issue through its coordination by award winning female entrepreneur Dr.
Perkol-Finkel , industrial support from Gladys Rodríguez (Cardama), management and monitoring support
from Lorena Loureiro (Port of Vigo) and Naava Taragin, Maya Rosenfeld and Michal Tidhar (ECOncrete®).
Companies that have women in leading positions consistently perform better than companies that do not,
yet only 30% of entrepreneurs in Europe are women. One of the EU's initiatives to encourage women to
innovate and start their companies by promoting positive role-models is the EU Prize for Women Innovators
2019. LIVING PORTS’s project manager, Dr Perkol-Finkel, was awarded this prize in 2019. Dr. Perkol-Finkel
was also awarded with the We Empower UNSDG Challenge 2018. A global, first of its kind, business
competition for women entrepreneurs who are advancing the UN Sustainable Development Goals and
inspiring entire communities to act to create the world we want by 2030.

1.4

Ambition

COMPARISON AGAINST THE STATE OF THE ART
Standard “gray” concrete is designed to withstand the extremely harsh conditions found in coastal
environments. However, its biological and ecological performance in coastal and marine environments is
very poor, mainly due to its smooth, homogeneous surface and to its aggressive chemical composition. As a
result, concrete structures typically support low diversity of marine life, with poor biological productivity.
Thus, opportunistic and invasive species rapidly colonize and take over the space, often with dire ecological,
and economic consequences. Moreover, the cement industry is the third largest consumer of energy in the
industrial sector globally. Innovation from within the concrete industry comes from Concrete Layer
Innovations (CLI – a subsidiary of the Artelia group) with their product Ecopode™, which brings aesthetic
value and improved structural strength of armoring units (so lower maintenance costs); however, it does
not provide any benefit to the environment.
Innovative companies solving the concrete problem
Because of the important issues concerning concrete, innovative entrepreneurs are stepping up with
creative solutions. For example, a Canadian start-up, CarbonCure, have developed an innovative method of
21
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producing concrete that traps carbon dioxide emissions and binds it within the concrete forever, while at
the same time reducing the amount of cement used to make concrete. Nanotek have developed
revolutionary technology in sustainable cement production by transforming Portland cement into Nano
cement. The technology can reduce CO2, NOX, and SO2 emissions by 2-3 times per ton of cement and
presents production cost savings of over 30%. These two companies will be important players in solving the
concrete problem, but they do not address concrete’s negative ecological impact nor provide an optimum
surface for biodiversity proliferation.
Companies addressing Concrete’s negative ecological impact
The only other companies currently addressing the ecological
pain concentrate on artificial reef/coral restoration, such as Reef
Ball Foundation, who produce dome-shaped concrete artificial
reefs. These organizations only aim to provide a solution to either
save a natural reef or create a new one. Whilst providing a vital
solution that brings economic incentives and impacts the
ecosystem, they are not designed for structure dependent CMI
functions, limiting their applicability. Research suggests that
artificial reefs should only be used when a natural reef has been
destroyed (by trawling or a storm). They should not be used to
offset CMI damage. The iconology impact of such products do not
compared to ECOncrete®’s technology. The text box on the right
shows
their
2019
impact
indicators.

Competitive

advantages:

ECOncrete® tackles the pain from
an ecological angle while ensuring
strength and sustainability. Their
solutions have shown in numerous
pilot sites that their technology
improves biodiversity, reduce the
number of invasive species while
at the same time improve the
strength
and
durability
of
concrete.
ECOncrete®’s
bio-enhancing concrete products
also reduce carbon footprint
compared to Standard Portland
cement-based concrete, due to a combination of proprietary admix integrating by-products and recycled
materials, and a unique ability to enhance biological processes such as biocalcification and photosynthesis
which facilitate CO2 assimilation. The solutions can be deployed using industry standard techniques and
provide on-site mitigation, which is vital for permitting, passing environmental impact assessments and for
winning tenders. The ecological advantages outlined in the 2019 indicators box above enable a faster
permit (time = money) and get a lower mitigation fee on the project. Their involvement in the living
breakwaters project in New York reduced the mitigation fee from 18M$ to 4M$. Figure 12 shows the
various ways in which ECOncrete®’s solution outcompetes both direct and indirect competitors.
Table
Cost-benefit
analysis

Grey Concrete
ECOncrete

1.

Cost to
client

Total
project cost

ECO
royalties

€770,000
€1,001,00
0

€4,583,333

€0

€4,814,333

€180,180

Comparing our technology with standard Grey concrete in terms of price reveals and interesting picture.
While our price per square meter is inevitably much higher (€1M vs €700k), the cost of the overall project
increases very slightly (€4.8M vs €4.5M) and in fact money is saved used ECOncrete® when mitigation costs
are included. The example in Table 1 uses a case study of a port implementing a sea wall.
Unique selling point: ECOncrete® harnesses biological processes that increase both ecological and
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structural performance. It is the only concrete solution that reduces the ecological and carbon footprint
of CMI while simultaneously providing the necessary robustness and resilience required for coastal
development work i.e. strong and resilient. ECOncrete® is the only solution that makes bringing life to
coastal and marine infrastructure feasible.

2. IMPACT
2.1
Expected impacts
EXPECTED IMPACTS OF LIVING PORTS PROJECT
From a socio-economic perspective, LIVING PORTS project will introduce a cost-effective, scalable, applied
innovation to the highly traditional concrete CMI industry. This highly disruptive innovation will transform
coastlines across the world, so the project will generate 1000s of new work opportunities in the emerging
field of Eco-Engineering. Within the project, LIVING PORTS aims to achieve inclusion of ECOncrete®’s
technology in ROM – this will speed up deployment of the technology across Spain and then the rest of
Europe and therefore bring benefits to many coastlines in the future. Inclusion also validates the
technologies strength and durability, which will be a key consideration from port authorities (“Puertos del
Estado”).
From a business development perspective, the LIVING PORTS project will expedite market penetration and
uptake of ecology-inspired concrete technology, through a public, fully scaled demonstration. This will
transform ECOncrete® from a promising start-up to a growing SME. It also enables Cardama to gain vital
experience with eco-friendly and outreach and monitoring construction and be at the forefront of this
growing industry. The scaled de-risking project in the Port of Vigo will overcome the CMI market’s
traditional scepticism and act as a flagship project showing the technology can be applied at scale in any
coastal or marine infrastructure project. This permits sustainable growth in coastal regions in line with goal
14 of UNSDG’s sustainable development goals. A key aspect of the exploitation activities is to work with the
members of the European Concrete Societies Network and the European Sea Port Organisation (ESPO) to
explore the development of a world-first bio-enhancing concrete standard. The concrete industry relies on
standards for conformity and quality assurance so developing a biology focused standard would go a long
way to help shift the industry towards a greener future.
From an environmental perspective, LIVING PORTS will yield significant semi/quantitative environmental
impacts at immediate, and medium terms as well as long term effects that are beyond the scope of the call.
Including increase in the quality and spectrum of ecosystem services in the project region, restoration of
water habitats, improved water quality, reduced dominance of invasive species, and increase in local fish
stock, through habitat enhancement. Additionally, the growth in marine life will reduce noise pollution by
up to 50% at the port and acts as a carbon sink (120g of carbon for every square meter of ECOncrete®
infrastructure annually) reducing the overall carbon footprint of CMI projects. Marine species sequester
more CO2 than forests. If we can increase marine biodiversity the potential impact is 5 times higher.
From a socio-cultural perspective, LIVING PORTS is also expected to encourage stronger environmental
education and community involvement, through community and outreach programs through
communication and dissemination activities planned during the project. For example, at the basin of the
Port of Vigo (location 1) the public will be able to observe the biodiverse marine life because of the
ECOncrete® seawall panels and gravity based mooring units through the monitoring and outreach platform
and by walking along the promenade at low tide at Bouzas revetment (location2) the public will be able to
see and interact with the marine life by looking at the tide pools integrated in the promenade’s revetment.
In addition, people derive non-use values from the improvement to eco-systems and their protection for
future generations and biodiversity has an intrinsic value that is independent of human thoughts and
values.22

CONCRETE BASED MARINE AND COASTAL DEVELOPMENT ECOSYSTEM
Coastal and marine infrastructure development is wide-ranging. It includes ports, piers, industrial facilities,
marinas, resorts, pipelines, power stations, rigs, offshore wind and coastal defense. These development
examples include different owner types, and a range of stakeholders are involved at each stage of project
execution. As such ECOncrete®’s customer segments includes a varied ecosystem including the public sector
(e.g. port authorities), engineering and landscape architects firms (such as West 8, SCAPE, MVVA, CH2MHILL
22
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engineering, COWI, Dewberry), design-build companies (e.g AECOM), precast manufacturers (e.g. Moore
concrete, Lafarge-Holcim), OEM product companies (e.g. Terre Armee), private companies (e.g. Shell, BP,
Carnival Corporation & plc, Maersk) as well as individual end users like private developers, such as marinas,
resorts and home owners.

CUSTOMER SEGMENTS NEEDS AND PROBLEMS:
1. Structurally sound concrete: Durability of concrete structures in marine environment has been an issue
for many decades, due to the perception of sea water as aggressive to concrete and reinforcement and the
long service life that is expected for marine infrastructure such as harbor and coastal defense structures.
Concrete structures in marine and coastal environments are often subjected to premature deterioration and
failure because of the extreme conditions to which they are exposed. The highest rates of corrosion occur in
the ‘splash zone’, where the continual wetting and drying exacerbates the penetration of the chlorides and
there is enough oxygen to support the corrosion process.
ECOncrete® impact: Robust concrete testing has been conducted in certified labs to ensure ECOncrete®
complies with EU/ASTM standards. ECOncrete® products are stronger and more durable than existing
materials, withstanding a compressive strength of 30-80MPa. The growth of species such as corals, oysters,
tube worms and barnacles, which deposit calcitic skeletons onto the concrete, strengthen the concrete and
protect it from chloride penetration, corrosion and erosion in a process called bioprotection (avg 2.5Kg of
calcitic biomass m2/y). For example, oyster-covered concrete had tensile strength 10 times stronger than
bare concrete within as little as 2 years23. Moreover, marine growth onto seawalls have shown to moderate
surface temperature changes, potentially increasing operational lifetime24 (to be furthered investigated in
this innovation project).
2. Concrete that adheres to policy and permitting: The idea that industry cannot continue human-induced
changes to ocean ecosystems is gaining traction, even at the highest levels of global policymaking. Business
as usual is clearly not an option. The Marine Strategy Framework Directive requires EU Member to set up
six-year strategies through which they assess the status of their marine waters; determine 'good
environmental status' based on 11 descriptors including biodiversity. These strategies naturally impact the
development work in coastal regions – for example they inform the blue growth strategies of port
authorities which in turn are reflected in tender documents. Permitting is also an issue for coastal
development, many projects are stopped because of permitting issues as they fail the mandatory
environmental impact assessment (Directive 2011/92/EU, LOI n° 2016-1087 French law of recovery of
biodiversity, nature and landscapes).25
3. Importance of the environment and corporate social responsibility: Biodiversity loss itself is costly for
society, particularly for economic actors in sectors that depend directly on ecosystem services. Many
businesses in Europe and beyond are assessing their dependency on biodiversity and integrating targets for
sustainable natural resource use into their corporate strategies. Sustainability is becoming more important
for all companies, across all industries. 62% of executives consider a sustainability strategy necessary to be
competitive today, and another 22% think it will be in the future.26 Sustainability is built on the assumption
that developing such strategies foster company longevity. Climate mitigation with respect to offsetting
carbon is gaining momentum with internal sustainability agendas of industry leaders like cement giants27
and ports. There are several quality standards recognizing specific positive environmental management,
such as PERS from ECOports, which requires candidates to evidence management of port biodiversity to
gain accreditation.
ECOncrete® impact: All pilot studies show ECOncrete® matrices cause a significantly higher value of species
diversity, reduction of invasive species, greater live coverage, and improved water quality. ECOncrete®
lowers the carbon footprint by reducing a 10% the amount of Portland cement in the mix compared to
standard marine grade concrete, by acting as a carbon sink via calcitic growth (1kg Inorganic Biomass = 0.12
Kg carbon) and greater photosynthesis through enhanced flora. Following the FTI project, sound reduction
may also be added to this list of positive ecological impacts. These improvements to marine life support in
permitting processes, support applications for standards such as PERS and brings on-site mitigation so
negates the need to offset the negative impact of solely “grey” concrete development.
23
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Willingness to pay: Driven by a convergence of public
sentiment, legislative pressure and technological
advances, the issue of sustainability is becoming ever
more prominent. ECOncrete®’s solution is a win-win for
coastal development as it is structurally sound, improves
marine life and reduces the carbon footprint of concrete
based CMI. Depending on the size of the project
ECOncrete®’s products are used, these benefits are
available at between 3-7% savings in project cost in small
and medium and <1% for large projects. The ROI is paid
back to all customer segments within the ecosystem: (i)
bid advantage (architects/engineers); (ii) PR / outgreening value (Port Authorities/Gov/City); (iii)
bioprotection – reduced maintenance due to added strength and longevity (engineers/developers’ interest)
and (iv) reduced carbon footprint (Policy/Ports/Gov that deal with CO2 restrictions). (v)
Mitigation/compensation facilitation - can provide mitigation measures for coastal/marine projects by
reducing the ecological footprint of the project (in EIA’s and alike). By way of example, ECOncrete®’s
involvement in the living breakwaters project in New York reduced the mitigation fee from 18M$ to 4M$.

SECTORS
Concrete is used in a wide variety of structures and applications in the marine environment. The largest and
more obvious marine concrete structures are found in ports, such as sea walls, sea mats, tidal pools and
breakwaters. As such, ports are an important target sector for ECOncrete® to deploy their ecology-inspired
concrete solution.
Target use case: Ports. Over 1200 commercial seaports operate in Europe. Europe is one of the densest port
regions worldwide. Port cargo volumes are expected to rise by 50% by 2030 and even more for the
fast-growing traffic of containers. But Europe's ports need to adapt to handle the increased traffic.
Investments in infrastructure are needed for seaports to enhance their efficiency, to address the challenges
of the growing and changing needs of production and supply chains and to adapt to the requirements of
sustainable transport addressing air quality, climate change and biodiversity. Ports in Europe combine
commercial and public interests. Most of them consider themselves to be mission-driven entities and
sustainability is now often at the center of their mission. The port of the future will be able to enhance
sustainable development, but this is only possibly with access to innovative solutions such as those
provided by ECOncrete®.

ADDITIONAL PROMISING USE CASES
ECOncrete® has identified two other promising use cases that provide an opportunity for them to exploit
following successful demonstration of ECOncrete®’s solution at large-scale.
● Off shore wind: Offshore wind currently represents some 2% of global installed capacity for the wind
energy market, of which some 90% of capacity can be found in the EU.28 Offshore wind capacity is
forecast to grow by over 80 gigawatts (GW) through 2024, achieving an impressive Compound Annual
Growth Rate (CAGR) of more than 25% in that period.29 Cumulative investments in offshore wind to
reach $350 billion by 2030 and $1.47 trillion by 2050. 30 Offshore wind turbines are incredibly material
intensive - it takes about 1000 tons of concrete to install 1 MW of wind energy, and even more to
connect to the grids.
● Land reclamation: Demand for land has increased significantly over the past
30 years or so, both inland and at the coast. In coastal regions, reclaiming
land from the sea has often been the preferred solution towards meeting
the need for more land for urban development. The simplest method
involves filling the area with large amounts of heavy rock and/or cement,
then filling with clay and dirt until the desired height is reached, therefore
severely impacting marine life.

28
29
30
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