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Foreword

Bertrand de la Borde, Demetrios Papathanasiou,
Director, Global Infrastructure, IFC Global Director,

World Bank Energy and
Extractives Global Practice

Climate mitigation and adaptation are critical considerations in the long-term economic
development of emerging markets. Central to this is the provision of clean, affordable
electricity that benefits both consumers and society. For many emerging markets offshore wind
offers an opportunity to produce large-scale, clean electricity from abundant local resources,
while keeping energy costs competitive and creating significant local economic opportunities.

However, development of offshore wind in emerging markets will not happen overnight, nor
will it happen without support. Catalyzing an offshore wind industry in any new market will
take time and the first projects will have an upfront cost premium—this cost premium should
not impede the deployment of offshore wind and its potential to reduce carbon emissions
across the globe. Making sufficient concessional financing available through public and private
partnerships will be essential to reducing the costs of the first offshore wind “pathfinder
projects” that will lay the foundation for growth of successful offshore wind markets.

Working with donor countries, development partners, private sector finance, and climate
finance providers, we can achieve the first milestones in our journey to develop offshore
wind in emerging markets. We believe that this will be key to achieving net zero, building
up sustainable economies for future generations, creating greater energy independence,
and avoiding the worst impacts of climate change.

The World Bank Group’s Offshore Wind Development Program was launched in 2019 with the
aim of accelerating the uptake of offshore wind in emerging markets. Since its inception, the
program has worked with more than 20 countries, providing the support they need to make
offshore wind a part of their long-term energy mix.

Vi FOREWORD



Using concessional finance to
reduce the initial cost premium
presents a high-impact opportunity
to enable emerging market
governments to commit to offshore
wind and accelerate global
decarbonization efforts.
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Executive Summary

Offshore wind is critical to achieving global decarbonization goals and net zero
emissions, both in developed and developing countries. It can provide large-scale, clean,
reliable electricity generation with the potential to stimulate valuable economic benefits and
industrial development. Estimates suggest that 2,000 gigawatts (GW) of offshore wind will be
needed globally by 2050 to deliver the energy transition and limit temperature rise to well
below 1.5 degrees Celsius (IRENA 2021). The global roll-out of offshore wind is growing
quickly, with 21 GW added in 2021 alone, however developing countries—also known as
emerging markets—are yet to deploy offshore wind; progress needs to be accelerated. This
report explores the potential use of concessional, lower-cost financing to provide this
acceleration and catalyze large-scale deployment in emerging markets.

Thanks to three decades of impressive scale-up, the cost of offshore wind has
declined to the point where it is a competitive source of power in many established
markets such as China, Denmark, Germany, the Netherlands, and the UK. This is
driving rapid deployment in newer markets such as Japan, South Korea, Taiwan, and the
United States, leading to strong, growing interest in emerging markets." Recognizing this
opportunity, the World Bank Group (WBG) established the Offshore Wind Development
Program?in 2019 to support this interest and assist developing countries to accelerate
their deployment of offshore wind. Initial analysis by the Program has identified an
offshore wind technical potential of over 16,000 GW across 75 emerging market countries
(ESMAP 2021). WBG has supported over 20 country governments to assess their offshore
wind potential and is providing ongoing, in-depth, technical assistance to countries
including Azerbaijan, Brazil, Colombia, India, the Philippines, Romania, South Africa,

Sri Lanka, Turkiye, and Vietnam.

Despite the industry’s cost reductions, the first projects in any new market will come
at a cost premium as developers, investors, and lenders factor in a wide range of
uncertainties, higher costs, and risks. These factors include different physical conditions,
uncertain regulatory regimes, a lack of clarity on long-term market potential, inexperienced
local supply chains, and commercial risks such as off-taker creditworthiness or currency
convertibility. The majority of these issues can eventually be addressed through the
experience and confidence gained from large-scale deployment. However, investment in
“pathfinder projects” will likely be required to quickly bring costs down to the levels seen in

"Throughout this report, emerging markets are defined as low- and middle-income countries.

2The program is led by the Energy Sector Management Assistance Program (ESMAP) in partnership
with the International Finance Corporation (IFC). For further information, see: https://esmap.org
/esmap_offshore-wind
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established markets.? Without mitigating measures, the first few pathfinder projects in
each new market will require an off-take tariff far higher than the average cost of power
in those markets—many of which have thriving solar and onshore wind sectors that
represent the lowest cost of generation.

The higher cost of the first projects in a new offshore wind market presents an
initial barrier of affordability for developing country governments and the
ratepayers they represent. While there may be substantial long-term national benefits
from building an offshore wind sector, including potential local economic development
and the creation of long-term, skilled jobs, the near-term cost premium for early
offshore wind projects represents a major obstacle to moving forward. Governments in
emerging markets can find it hard to justify this higher initial cost even if they are aware
of the rapid cost declines that will occur as the market matures in the country or region;
a trend that has been observed in all established offshore wind markets. Removing this
initial barrier is essential to accelerating offshore wind roll-out which, given the long
development time required for projects, needs to happen quickly so that projects can be
deployed within this decade.

Using concessional finance* to reduce the initial cost premium presents a high-
impact opportunity to enable emerging market governments to commit to offshore
wind and accelerate global decarbonization efforts. Financial support to lower tariffs
for the first pathfinder projects can be tied to ambitious offshore wind policies that drive
the investment needed to reduce costs for subsequent projects and build a local industry.
Deployment of offshore wind in emerging markets would also have wider co-benefits
through further global cost reductions and technological innovation—for example by
accelerating the deployment of floating wind—thus representing a transformational
opportunity for investment of scarce climate finance resources.

A coordinated public and private sector response is required to overcome the
relatively high cost of the first offshore wind projects in emerging markets. Analysis
undertaken for this study indicates that a representative pathfinder project—of 500 to
1,000 megawatts (MW)—in a large emerging market would have a Levelized Cost of
Electricity (LCOE; see Annex B) of at least US$ 100 per megawatt-hour (MWh) without any
kind of concessional finance support. The following measures to introduce concessional
finance may be applied to reduce this LCOE to levels that are affordable and politically
acceptable:

3 The term “pathfinder project” is used throughout this report to denote first-in-country projects

that pave the way for subsequent commercial development. This term is more accurate than
“demonstration” or “pilot” as these suggest that the technology is not yet proven, which is not the case
for offshore wind.

4 Put simply, concessional finance is below-market-rate finance provided by major financial institutions,
such as development banks and multilateral funds, to developing countries to accelerate development
objectives. (World Bank 2021d)

The Role of Concessional Climate Finance in Accelerating the Deployment of Offshore Wind in Emerging Markets ix



e Concessional public sector debt to finance core, or shared, infrastructure for initial
projects thus reducing the private offshore wind developer’s capital expenditure
requirement. One example is to publicly finance the electrical export system and
onshore transmission infrastructure, which could reduce overall private sector capital
expenditure (CapEx) by 15 to 20 percent.

e Concessional private sector debt® offered to developers bidding on initial projects,
covering up to 50 percent of total debt requirements; this would be coupled with
commercial financing to improve the overall terms of the debt package.

e Additional concessional public or private sector finance to help finance the upgrade of
ancillary infrastructure, such as ports and transmission lines, or mitigate specific
investment risks.

e Grants to cover a portion of the project CapEx where the above measures are
insufficient; for example, this may take the form of a non-reimbursable grant to the
project or as annual payments equivalent to an assumed carbon credit price (for
example, US$ per metric ton of CO, emissions avoided).

The modeling for this study suggests that a combination of these measures will be
required to sufficiently reduce the costs of the first offshore wind pathfinder
projects. Table ES.1 describes the impact of different levels of concessionality on LCOE,
based on a starting point of US$ 108 per MWh (Scenario 1A). If concessional private debt is
the only instrument used (Scenario 1B and 1C) then there is a relatively limited impact on
the tariff. That is, even with 50% of private debt provided under concessional terms
(Scenario 1C), the LCOE only reduces to $91 per MWh. If the electrical export system is
funded entirely with concessional public debt (Scenario 2A) with no other concessional
support, the impact is also relatively limited, bringing the LCOE down by 13 percent to $94
per MWh. However, if the export system is covered by concessional public debt, 50 percent
of the private debt is concessional, and 10 percent of the remaining CapEx is covered by a
grant (Scenario 3C), then the LCOE falls to $70 per MWh, a level that is competitive with the
long-term cost of conventional thermal generation in most emerging markets.

Achieving an LCOE of US$ 70 per MWh for a single 1 GW project in a large emerging
market would require around US$ 480 million of concessional public debt for
electrical export system infrastructure, US$ 827 million in concessional private debt,
and US$ 245 million in project grants (see Figure ES.1). In this case, concessional finance
could be blended with conventional sources of development finance at a maximum ratio
of 1:1, plus commercial finance raised by private sector developers. The costs outlined here
therefore represent a best estimate based on current assumptions, and further analysis
would be required for each candidate country, taking into account relevant domestic cost
and risk factors and the timeline for development. Furthermore, under a competitive
process, tariff bids by developers can often surpass the best expectations of a bidding
authority, so actual bid prices may be lower.

> Sometimes known as ‘blended concessional finance (IFC 2022), this financing combines concessional
debt with other development finance to lower the overall cost of debt for the private sector borrower.
When combined with regular commercial debt, the terms of the project’s debt package are improved,
thereby helping to reduce the cost of electricity and required tariff.
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TABLE ESA1
Impact of Concessional Finance Support on the LCOE of a Representative 1 GW
Pathfinder Project

GRANT LEVEL OF EFFECTIVE
(% OF TOTAL CONCESSIONAL TOTAL PRIVATE DEBT
DEVELOPER PRIVATE DEVELOPER INTEREST LCOE
SCENARIO CAPEX) DEBT (%) CAPEX (US$BN) RATE (%) (US$/MWH)

Base Case: no grants; no concessional public finance of export system; varying levels of concessional private debt to
offshore wind project

Concessional public debt to finance the export system, plus varying levels of grants and concessional private debt to
achieve competitive tariff

Source: World Bank Group analysis

Country-specific risk mitigation instruments may also play a role alongside grant and
debt support, and could further reduce the cost of financing and hence project LCOE.
These risk mitigation instruments, including guarantees and insurance (World Bank 2007b),
are not included in this analysis, but should be assessed when designing support packages
for different countries.

A major program to accelerate the deployment of offshore wind would need to
target at least 10 GW of capacity across ten countries, requiring at least US$ 4.8
billion of concessional public debt, US$ 8.3 billion of concessional private debt, and
US$ 2.5 billion in grants over an initial five-year period. While the focus would naturally
be on large markets with high potential for decarbonization, there would also be strong
justification to include smaller countries, where a single offshore wind project (even at a
somewhat higher tariff) could represent a significant shift in the energy mix and lead to
substantial savings in fuel imports and increased energy security.

The Role of Concessional Climate Finance in Accelerating the Deployment of Offshore Wind in Emerging Markets Xi



FIGURE ESA1
Impact of Concessional Finance at 1 GW Project Scale and at a Global Scale for a 10 GW Global

Program To Catalyze at Least Five New Markets
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A global offshore wind investment program, delivered through existing channels for
concessional climate finance, could directly avoid 416 million metric tons (Mt) of
greenhouse gas emissions (GHG) over the life of the projects, translating into an
emission reduction cost of roughly US$ 5.90 of grant funding per metric ton of carbon
dioxide (CO,).° This total quantity of emissions avoided is equivalent to the total annual
CO, emissions of Turkiye (World Bank 2019a). By helping to introduce and scale up a whole
new class of low-carbon power generation, such a program would help to put countries on
a pathway for much greater GHG reductions through accelerated decarbonization. It would
also help catalyze additional investment into the next wave of technological innovation,
including floating wind and low-windspeed offshore turbines, thus further increasing the
technical potential for offshore wind.

There exists the opportunity for a “grand bargain” between donor countries and
emerging markets to accelerate the deployment of offshore wind to mutual
advantage. On the part of key emerging market governments, this might involve a
commitment to ambitious deployment targets and a willingness to absorb a tariff that is
higher than for new-build solar or onshore wind, and should be supported by substantial
concessional climate finance commitments by donor countries. This burden-sharing on
cost recognizes the potentially significant benefits that offshore wind could bring to
emerging market economies in terms of economic development and affordable, domestic
sources of power. For donor countries, offshore wind represents a big-ticket opportunity to
accelerate the pace of global decarbonization, combined with significant trade and export
opportunities.

If the concessional finance is linked to substantial offshore wind targets in the policy
commitments from the recipient emerging market governments—a target of at least
10 GW per country would be reasonable—then this finance should be seen as
catalyzing a +50 GW global deployment on an accelerated timeline. Considering the
need for immediate and rapid greenhouse gas emission reductions and global adoption of
decarbonization pathways, we believe this represents good value for money and a highly
strategic use of scarce donor resources.

& Assumes US$ 2.45 billion of grant to support 10 GW of offshore wind operating for 25 years at 40
percent net capacity factor, displacing generation at an average of 475 grams CO, per kWh (IEA 2019a).

The Role of Concessional Climate Finance in Accelerating the Deployment of Offshore Wind in Emerging Markets xiii
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1 Introduction

Offshore wind is growing rapidly around the world; from 2.5 GW operating in 2010, to

64 GW across 19 countries in 2022, to policy targets exceeding 300 GW by 2030, and
further rapid growth expected beyond that (Global Wind Energy Council 2022). From its
birthplace in Europe, offshore wind is quickly expanding in Asia and the United States, with
strong prospects in other regions. In anticipation of the growing interest in emerging
markets, the World Bank Group (WBG) launched its Offshore Wind Development Program
in 2019 to support low- and middle-income countries looking to deploy offshore wind as
part of their future energy mix. Under the Program a series of global knowledge products
have been published, including an assessment of the technical resource potential in all
emerging market countries based on the Global Wind Atlas and, more recently, the
Program'’s flagship report, “Key Factors for Successful Deployment of Offshore Wind in
Emerging Markets” (World Bank 2021). The Program has supported more than

20 governments to assess their offshore wind potential and is now providing in-depth,
technical assistance to countries including Azerbaijan, Brazil, Colombia, India, the
Philippines, Romania, South Africa, Sri Lanka, Turkiye, and Vietnam.

This report, which closely follows and builds on the Key Factors publication, was initiated
under the Program and has been prepared by staff and consultants within the World Bank
and International Finance Corporation (IFC) with funding provided by the Energy Sector
Management Assistance Program (ESMAP). The report's objective is to assess the role that
concessional finance can play in accelerating the deployment of offshore wind in emerging
markets. While a growing number of WBG client country governments are either exploring,
or actively developing, offshore wind in their jurisdictions, it has become clear that, despite
impressive cost reductions globally, the first few “pathfinder projects” in each new market
are likely to include a significant capital cost premium and higher financing costs. In
addition, there are likely to be a range of other ancillary investments required to scale up
offshore wind quickly and successfully, including the building of regulatory capacity,
upgrades of the electricity grid, port expansions, and development of the local supply
chain.

Although offshore wind, including these ancillary investments, represents a huge
opportunity for economic development and job creation, it will be politically difficult for
governments to approve projects with high initial tariffs, especially with the fiscal pressures
introduced by the COVID-19 pandemic and recent disruptions to global supply chains and
prices. Concessional finance—and in particular, sources of concessional climate finance
that are available to support decarbonization efforts in low and middle-income countries—
can play a catalytic role here. It can help bridge the cost gap expected for the initial
projects within each market, justified by the global benefits achieved through accelerated
decarbonization and the resulting reduction in greenhouse gas (GHG) emissions.

2 INTRODUCTION



This report explores this catalytic role and analyzes—at a global level—the justification for,
and practical deployment of, concessional finance to accelerate the deployment of offshore
wind in emerging markets by private sector developers and investors. It is targeted at the
following audiences, each of whom will view concessional finance from a different
perspective:

1. For developing country policy makers: How can concessional finance be utilized to
help reduce the cost of power from offshore wind and maximize economic
development and jobs?

2. For donor countries and climate finance providers: Why should we support offshore
wind? How should concessional finance be most efficiently deployed? How much
funding will be required to achieve the scale of deployment required?

3. For investors, including Development Finance Institutions (DFIs): How can
concessional finance be used to most effectively leverage private sector financing?

4. For private sector developers: What role could concessional finance play in a project’s
structure and how will it help get projects built?

This report seeks to inform ongoing discussions on how to accelerate global
decarbonization efforts, and the role of concessional finance in supporting such efforts.
The report is also intended to complement national efforts to develop policies and
strategies in support of offshore wind, including a series of country roadmap studies
commissioned by WBG country teams with grant funding from ESMAP.

As a global study, this report does not contain an exhaustive list of possible options for the
deployment of concessional finance and related project structuring. Each country will need
to assess the options available in the context of their policy ambitions, electricity market,
and financing constraints. However, the hope is that this report will facilitate that
assessment within each country, and ultimately open up opportunities for securing access
to sufficient volumes of concessional climate finance to kick-start and accelerate offshore
wind development in emerging markets.

The report is structured as follows:

e Chapter 2 considers the potential benefits of offshore wind, its current trajectory in
terms of global expansion, potential barriers and challenges with deployment in
emerging markets, and thus the rationale for concessional finance in accelerating
deployment;

e Chapter 3 looks conceptually at how concessional finance could be optimally deployed
to support offshore wind in emerging markets;

e Chapter 4 provides the results of financial modeling on a case study to assess the
different options for concessional finance support; and

e Chapter 5 summarizes the findings from this study and provides a series of
recommendations based on the analysis and case studies.

The Role of Concessional Climate Finance in Accelerating the Deployment of Offshore Wind in Emerging Markets 3
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2 Why is Concessional Finance Needed
for Offshore Wind?

2.1 Offshore Wind Takes Center Stage

Offshore wind is a clean, reliable, and secure source of energy that has significant
potential to transform the energy mix and generate economic value in countries that
have a substantial wind resource. Rapid advances in technology and 60-70 percent
reductions in price have driven a five-fold growth in the global offshore wind industry since
2011, with 64 GW operating globally by the start of 2023, including +21 GW commissioned in
2021 alone—the most in any year thus far (Global Wind Energy Council 2022). Nearly 23 percent
of all global wind installations in 2021 were offshore, representing more than US$ 60 billion in
annual investment—or eight percent of new global investments in clean energy. As the industry
continues to expand rapidly, these figures are set to increase; global installations are expected
to reach up to 30 GW per year between 2025 and 2030 (with cumulative installations of 380 GW
forecast by 2030). This expected capacity increase represents US$ 700 billion of investments in
offshore wind projects globally by 2030 (Global Wind Energy Council 2021).

Emerging markets such as Azerbaijan, Brazil, Colombia, India, the Philippines,
Poland, Sri Lanka, South Africa, Turkiye, and Vietnam have begun exploring offshore
wind development and are at various early stages of market preparation and project
development. Interest by these countries in developing offshore wind has been driven by
factors that include securing long-term and reliable energy supplies through domestic
renewable energy sources,' pursuing economic and industrial development, and meeting
national decarbonization commitments. WBG analysis of offshore wind technical potential
across 75 emerging markets estimates a combined wind resource potential of +16,200 GW,
including more than 5,500 GW of fixed potential and 10,700 GW of floating potential
(ESMAP 2019). Furthermore, offshore wind typically has a higher capacity factor than
onshore wind, and can in many cases be developed near to large coastal cities, helping to
meet rapidly increasing demands for electricity.

' Drivers differ between markets, but frequent issues raised include: increasing challenges with
siting and financing of coal-fired power plants; the increasing variability in hydro resources; and the
increasing difficulty of finding suitable sites for onshore renewables.
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2.2 Role in Achieving Global Decarbonizing Goals

Offshore wind is one of the most effective forms of variable renewable energy in
displacing coal generation and avoiding its own carbon emissions, (Offshore Renewable
Energy Action Coalition 2020). Fossil fuels release on average 460 metric tons of CO,
emissions per GWh of electricity generated, whereas a typical offshore wind project has
life-time emissions equivalent to roughly nine metric tons of CO, per GWh (Amponsah et al.
2014). Analysis by the IEA, shown in Figure 2.1, found that a 1 GW offshore wind project could
avoid 3.5 million metric tons of CO, per year when displacing coal generation, which currently
accounts for approximately 38 percent of global electricity generation (IEA 2019b). This study
found that offshore wind, when displacing large-scale coal generation, could be particularly
effective at avoiding CO, emissions when compared with other forms of renewable energy.

To achieve global decarbonization goals, the vital contribution of offshore wind will be
essential. Nationally determined contributions (NDCs), as part of the Paris Agreement, have
brought a renewed urgency to efforts to decarbonize and invest in low carbon development
pathways on a global scale, and thereby outpace the growth in fossil fuel exploitation,
specifically new coal production. In the transition to net zero emissions over the next few
decades, the global installed capacity of offshore wind will need to rapidly increase. The
UN-linked Ocean Panel and Ocean Renewable Energy Action Coa