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Why this report?

‘Against a backdrop of climate change, sea level rise
and limited public budgets, the investment gap in 
Marine and Freshwater Infrastructure leaves a 
critical role for private capital to play in bridging
this gap’ 

(OECD, 2020)



What is Sustainable Marine and Freshwater
Infrastructure (SMaFI)?

SMaFI is the collection of waterborne works at 
coastlines, estuaries, rivers, canals and in port 
areas.

These works can provide; 
• flood protection, 
• urban and port development, 
• navigable waterways 
• upgrade or protection of nature and/or 

recreational areas. 



Purpose of the Report

1. Both SMaFI and Financial sector 
seek scaling of green portfolio

2. Sectors seem mutually unfamiliar
to bridge their gap to synergy

3. A dedicated report could help 
further engagement



A QUICK IMPRESSION
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Market Size and Green Potential

Fragmented literature.

Upcoming markets; 

• climate adaptation, 

• ecosystem restoration, 

• carbon trade, 

• biodoversity offsetting.
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Figure 2.2 Market characteristics for the dredging sector in 2019

Figure 2.1  Investment gap in flood 
protection in Asia

2 MARKET SIZE AND GREEN POTENTIAL

Tracking global investments and investment needs in Marine and 
Freshwater Infrastructure is notoriously complicated due to differences in 
reporting and definitions, and a general lack of data (Pauw, 2017). To give an 
idea of the market size, this section outlines some insights from sub-sectors 
where statistics and projections are available, and major trends driving 
market developments.

2.1 Market size
There is no comprehensive study on the full  
extent of investments (needed) in Marine and 
Freshwater Infrastructure.

2.1.1 Current market size
The following studies give a good idea of the order 
of magnitude involved in such investments.

• In nine flood-prone economies in Asia, in 2015, 
USD 33.6 billion was invested in fluvial and coastal 
flood protection (Ishiwatari and Daisuke, 2020).

• The ecosystem ‘restoration economy’ has a 
turnover of USD 25 billion, in the US alone, which 
provides a significant 220,000 jobs. Approximately 
USD 9 billion of this work relates to the restoration 
and management of aquatic, riparian and wetland 
environments (Bendor et al., 2015).

• Between 2000 and 2010, approximately USD 38 
billion was invested globally by private investors 
in 195 projects in port development. Most 
investment included greenfield projects in the 
seaport sectors. For example, USD 20 billion 
was spent on 78 greenfield projects in Asia, the 
Pacific, Latin America and the Caribbean, in this 
period. Concession deals included USD 15.5 billion 
on 97 projects, whilst 11 ventures received USD 
305 million in management and lease projects 
(Holman Fenwick Willan LLP, 2011).

economies is expected to be between 0.05% and 
0.5% of their annual GDP (Rozenberg and Fay, 2019).

• In 2011, the estimated investment needs for ports 
up to 2030, including connected investments in 
port infrastructure, roads, rail, energy and water, 
amounted to USD 830 billion (Holman Fenwick 
Willan LLP, 2011). In 2019, the OECD Transport 
Outlook estimated that scheduled investment in 
port capacity should be enough to meet demand 
until 2030, except in South Asia (ITF 2019).

2.1.3 The infrastructure investment gap
When comparing the picture that arises from the 
two previous sections (investment needs and 
current investment levels), it is clear that there 
is a significant investment gap in Marine and 
Freshwater Infrastructure, particularly in coastal 
protection infrastructure. Figure 2.1 illustrates a 
total gap of approximately USD 65 billion per year 
in flood protection in Asia, based on the study 
of Ishiwatari and Daisuke (2020). Public capital 
alone will be insufficient to meet the investment 
needs particularly in lower- and middle-income 
economies.

2.2 The role and market size of the 
dredging industry

As most projects in Marine and Freshwater 
Infrastructure require the removal, recovery and/or 
transportation of minerals, the dredging industry 
has an active role in these projects. As such, the 
dredging market can help to shed some extra light 
on characteristics of the market. 

The International Association of Dredging Companies 
(IADC), the global umbrella organisation for the 

• Analysis of global investment in climate 
adaptation provides a comprehensive estimate, 
but only reports on additional costs related 
to climate change, compared to a general 
development baseline. With many countries 
having an investment gap on flood protection/
coastal infrastructure, additional expenditure on 
climate change is still quite limited. USD 0.3 billion 
per year was spent during 2017 and 2018  
(Buchner et al., 2019).

2.1.2 Investment needs
With increasing urbanisation, coastal development, 
sea level rise and extreme weather events, across 
the globe, the economic rationale to invest in 
coastal and fluvial flood risk protection is high and 
increasing. Environmental degradation and growing 
flood protection needs lead to stronger demand for 
restoration of natural ecosystems such as reefs and 
mangroves. The expansion and revitalisation of ports 
also opens up potential for further investment along 
coasts and rivers. The following gives a rough idea of 
the order of magnitude of future investment needs in 
Marine and Freshwater Infrastructure:

• For coastal protection alone, global investment 
needs for new infrastructure and maintenance 
of existing infrastructure are estimated at USD 10 
billion per year, in the short term. By 2100, that is 
expected to be in the region of USD 103-215 billion 
per year (Nicholls et al., 2019). Investment needs for 
fluvial flood protection (along rivers) are unknown.

• Analysis of future coastal and fluvial flood risk in 
nine flood-prone economies in Asia shows that 
annual demand for flood protection infrastructure 
will be USD 94.5 billion per year between 2016-
2030, and USD 98.4 billion if climate change is 
included1. (Ishiwatari and Daisuke, 2020).

• By 2030, the economically optimal investment2  
in flood protection for low- and middle-income 

private dredging industry, compiles market 
overviews. According to IADC, about half of the 
projects in the entire market take place in open 
markets and half in closed markets such as China, 
USA and Japan. In the open market, the total 
turnover of the dredging industry was relatively 
stable at EUR 5.2 billion in 2019 (IADC, 2019). Projects 
are related to coastal protection, urban development, 
energy development (e.g. offshore wind), tourism and 
trade (e.g. port and waterway development). 

Figure 2.2 shows the general characteristics of the 
market in 2019, as seen through the lens of the 
dredging industry. Capital infrastructure projects 
constituted 43% of turnover, with a majority of works 
realised in Europe, followed by the Middle East  
and Africa.

2.    ‘Economically optimal’ means that the societal benefits (e.g. a 
reduction in expected damage from flooding and land loss) are higher 
than the investment costs. In terms of cost-benefit analysis, this means 
that projects would have a benefit-cost ratio of larger than 1. 

1.    In the longer term, the pressure of climate change on these investment 
needs are expected to increase. 
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Characterising the projects

Characterisation by physical aspects Characterisation by Cash Flow
3.2 Characterisation in terms of 

cashflow sources
The classification of projects, as shown in ection 
3.1, is instrumental in assessing development 
options in technical terms, but does not relate to the 
characteristics of the financial regime.

The majority of Marine and Freshwater Infrastructure 
projects are traditionally funded by the public sector 
with taxpayers’ money , without involving financing. 
n projects where private financing of investments  

is considered, a distinguishing parameter is the 
source of the cash ow for interest payments and 
repayments of the loan. Broadly two categories  
can be distinguished based on the origin of  
those cash ows

• Public service projects (e.g. coastal protection): 
The government, as project client, pays 
periodically after completion, where the 
payments may be based on performance or 
availability criteria (Figure 3.1).

• Commercial projects (e.g. private port 
development  The users or beneficiaries pay 
for the project’s results or services. ash ow is 
generated based on the project’s business  
model (Figure 3.2).

Green or sustainable solutions may be integrated 
into the above categories, such as natural 
breakwaters, coastal mangrove belts, habitat 
protection and beneficial use of sediments. s 
governments increasingly propagate nature-based 
solutions, and international development  financial 
institutions stimulate and impose sustainable 
practices1, projects are increasingly likely to have 
sustainable conditions. 

However, public service or commercial projects 
could fall short in terms of financial viability, for 
example because the government institution 
has limited credit capacity (notably low-income 
economies  or the project’s business model is 
insufficient to carry the financing obligation. n such 
cases, opportunities exist to make use of additional 
funding resources or additional income streams 
generated by sustainable elements (see Section 

. .  on blended finance and green mar ets .

3.2.1 Public service projects
Public service projects are projects where the initial, 

• Maasvlakte 2, the Netherlands (Annex,  
Case 4): Port development where the main 
revenue stream accrues from handling fees  
and land leases charged to shipping liners and 
port operators.

Developing and implementing Marine and 
Freshwater Infrastructure projects is often far 
from straightforward. This is due to the many 
variables relating to the stakeholder environment, 
institutional and legal structure, and applied 
technologies, to name a few. In commercial projects, 
the market factor (the demand and price risk for the 
project’s results  adds to the complexity, since the 
project has to earn sufficient income to pay for its 
operating and funding costs and must produce an 
adequate return for capital providers. Ideally,  

or partial, purpose is to provide a public good, or 
otherwise serve the public domain. As such, they 
fall under the government’s mandate. Typical 
examples are coastal and ood protection measures 
to prevent economic and social damage, shore 
protection to safeguard water quality and prevent 
erosion over time, and dredging to provide and 
maintain navigation routes.

or governments, incorporating private financing 
in these projects (e.g. through public-private 
partnerships or PPPs) is an attractive option in case 
of constraints on public resources to realise critical 
infrastructure. However, there are more profound 
reasons to loo  to the private sector for financing. 
It aims to create incentives to optimise projects in 
terms of planning and costs, and to provide value for 
money by allocating risks to the parties that are best 
positioned to manage them. On the other hand, 
there is a cost attached to financing and ban s tend 
towards proven technology.

The Pevensey Bay project, UK (Annex, Case 7) is a 
typical public service project on the basis of a PPP 
structure for the sponsors to design, construct, 
privately finance and maintain the shingle 
bank beach protection and deliver on agreed 
performances, for a period of 25 years. On the 
contrary, the Sigma Plan, Belgium (Annex, Case 9) 
and Prins Hendrik Zanddijk, the Netherlands (Annex, 
Case 8) are traditional publicly funded projects for 

ood protection respectively coastal protection. t is 
worth considering if there would have been benefits 
to be gained from integrating private finance into 
these projects.

3.2.2 Commercial projects
Commercial projects obtain income from users or 
beneficiaries ‘off-ta ers’ . n assessing the ban ability 
of such projects, a major criterion is the cash ow-
generating capacity of the project as a source to 
repay funds. Descriptions of the following commercial 
project examples can be found in the Annex:

• Beira Master Plan, Mozambique (Annex, Case 
1) and Hulhumalé Land Reclamation, the 
Maldives (Annex, Case 3): Land reclamation to 
accommodate urbanisation whilst providing 
climate adaptation benefits, where revenues 
accrue from housing and/or industrial 
development.

the market risk (volume and price) can be  
mitigated for the project via agreements with the 
off-ta ers whereby the project’s output is sold on a 
pre-agreed basis.

3.3 Case studies
In the previous sections we characterised 
sustainable Marine and Freshwater Infrastructure 
projects based on technical (physical) features and 
cash ow sources. n practice, projects tend to be 
highly tailor-made to both the physical context and 
the institutional setting. To illustrate how real-life 
projects can be viewed through these lenses, we 
developed a series of case studies (Table 3.3). See 
the Annex for a more detailed description of the 
cases. 

1.    For an example of the latter, see the European Commission’s Taxonomy 
and Sustainable Finance Disclosure Regulation, which came into effect 
in 2021. 

Development 
phase incl. 
financing

Financing (e.g. bank loan)

+ $

 -/- $

Time

Construction Operations

   Government  
payments

  Investment costs

  Operational costs

   Loan repayment  
+ interest

Public service projects
The government authority, as project client, pays periodically after 
construction completion, where the payments may be based on 
performance or availability criteria.

Development 
phase incl. 
financing

Financing (e.g. bank loan)

+ $

 -/- $

Time

Construction Operations

   Commercial  
revenues

  Investment costs

  Operational costs

   Loan repayment  
+ interest

Commercial projects The users, or beneficiaries, pay for the project’s products or services. 
Cashflow is generated based on the project’s business model.

Figure 3.1

Figure 3.2

3332 FINANCING SUSTAINABLE MARINE AND FRESHWATER INFRASTRUCTURE

3 CHARACTERISING SUSTAINABLE MARINE AND 
FRESHWATER INFRASTRUCTURE PROJECTS

3.1 Grey, hybrid and green projects
ustainable development is generally defined 

as development that meets the needs of the 
present, without compromising the ability of 
future generations to meet their own needs. In the 
context of Marine and Freshwater Infrastructure, 
it is common to distinguish between the 
different ‘shades of green’ in a project. n most 
cases, a project can be developed either in a 
conventional ‘grey’ way, a hybrid ‘grey-green’ way, 
which integrates both conventional and nature-
based elements, or as fully ‘green’ with primarily 
nature-based elements (Sutton-Grier, Wowk and 
Bamford, 2015). The winning desirable and feasible 
configuration will depend on local circumstances, 

such as desired coastal protection levels, physical 
characteristics and available space. Hybrid and 
green infrastructure projects typically require 
a more integrated design approach, and high 
stakeholder engagement, in order to achieve both 
the primary objective and sustainable ambitions. 

e define these groups as shown in Table . .

The three project groups also have an increasing 
potential to deliver on a variety of SDGs as they 
move from ‘grey’ to ‘green’ see ection . . 

Table 3.2 provides an overview of typical projects 
and development concepts according to these  
three categories.

Table 3.1  Definitions of grey, hybrid and green projects.

Project type Project characteristics

Grey project Projects with conventional engineering design.  
Often using hard, artificial elements (e.g. concrete  
and steel). Aims to solve a specific issue at  
minimum cost within regulatory constraints.

Grey-green hybrid project Projects which combine conventional (grey)  
and natural (green) infrastructure elements.  
As such, hybrid projects contribute to and/or  
expand healthy habitats beyond basic mitigation  
and compensation requirements. 

Green project Projects with only ‘nature-based’ elements. Artificial 
elements (e.g. concrete and steel) are avoided and 
natural processes are used as much as possible.

Example solutions at various sustainability levels

Project Grey Hybrid grey-green Green

Land 
reclamation

Straightforward new land 
for desired purpose

Reclaiming land including habitat improvements 
or enlargements

Creation of polders using less material

Combine land reclamation with protecting 
vulnerable low laying areas/ecosystems

Use locally sourced materials and apply soil improvement

Port 
development

Purpose built port 
infrastructure

Biodiverse breakwaters 
fostering marine life Natural harbour-ports

Smooth, closed concrete 
and steel surfaces

Open structure revetments 
and quay walls 

Sheltered waters through 
ecosystem restoration 

Coastal 
protection

Concrete smooth levees 
and dykes, dams

Beach nourishments and/or sand dunes

Protecting estuaries by 
movable open barriers Mangrove forestry

Closing off estuaries 
by closed dams

Open structure  revetments Wetland/Marshes restoration

Habitat improvements 
and enlargements Coral reef restoration

Seawalls Green embankments
Seagrass beds 

fixating sediments

Restoring natural flood plains

Riverine flood 
risk reduction

Artificial levees, 
dykes, walls Open structure  revetments Restoring natural flood plains

Straightening and 
deepening rivers

Habitat improvements and enlargements

Green embankments Wetland/Marshes restoration

Navigational 
dredging

Dredging and disposal 
of dredged materials

Dredging and disposal of sediments where 
beneficial for ecosystems

Use of dredged sediments for habitat improvement or 
enlargement (e.g. wetlands, bird islands)

Circular use of materials, dredged materials for 
construction purposes

Shore/ bed 
protection

Concrete slabs Open structure revetments
Mangrove forestry

Asphalt embankment 
and bed lining Green embankments

Use of local natural materialsSteel sheetpiling Biodiverse breakwaters 
fostering marine life

Nature 
development

Ecosystem restoration

Wetlands, bird islands

Habitat improvements, 
enlargement

Table 3.2  Grey, hybrid grey-green and green elements in typical 
Marine and Freshwater Infrastructure projects.
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Private capital requires 
        standard, stable legal  
     frameworks to ensure  
      appropriate risk 
  allocation and a safety 
               net for proper 
           business conduct.

(B Capital Partners, p.47)
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(Swiss Re, p.52)
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   Redirecting existing 
      insurance practices  
 towards susta inable  
            marine infrastructure 
    encourages more  
    commercial practices  
     and private investment.



Annex: Case Studies

Hulhumalé
land reclamation, 

Maldives



Annex: Case Studies

Mangrove 
restoration



CONCLUSIONS



Conclusions

1. Joint holistic screening by sponsors and private capital suppliers can focus 
scarce resources on the most promising opportunities, and initiate a snowball
effect.

2. The Sustainable Finance Disclosure Regulation (SFDR) and further policies
require transparent ESG/SDG reporting. Certification of green projects is 
needed. 

3. Standard legal frameworks that allow private capital to enter the sustainable
Marine and Freshwater Infrastructure market. 



Conclusions

1. Reporting tools and harmonised methodologies must be built to capture the
associated ESG benefits which are often overlooked, or difficult to quantify (e.g. 
future savings). 

2. The insurance industry (de-riskers) can help through new types of insurance
offerings which make cashflow more predictable and make sustainable
infrastructure, as an asset class, more attractive to investors.

3. Green solutions need policy incentives that increase their uptake and allow
the rerouting, or unlocking, of funds to support them.
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