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I EXECUTIVE SUMMARY

This roadmap provides strategic analysis of the offshore wind development potential in Sri Lanka,
considering the opportunities and challenges under different offshore wind growth scenarios. It

is intended to provide evidence to support the Government of Sri Lanka in establishing policy,
regulations, processes, and infrastructure to successfully deploy offshore wind.

The roadmap report was initiated by the World Bank Group under its Offshore Wind Development
Program, which aims to accelerate offshore wind development in emerging markets. The roadmap
was funded by the Energy Sector Management Assistance Program (ESMAP) with support from the
World Bank’s blue economy program, PROBLUE.

RATIONALE FOR OFFSHORE WIND IN SRI LANKA

Sri Lanka has good natural conditions for offshore wind and there is already private sector interest
in developing projects. Sri Lanka has an opportunity to use this domestic renewable energy resource
as part of its transition to net-gero carbon and to help reduce the economic burden from fossil fuel
imports. The main drivers for developing offshore wind in Sri Lanka include:

Decarbonization: The Government of Sri Lanka has set a goal of 70 percent of electricity
generation from renewable sources in 2030 and to achieve carbon neutrality in electricity
generation by 2050. Furthermore, Sri Lanka’s Nationally Determined Contributions (NDCs) under
the Paris Agreement include a commitment of no capacity addition of coal power plants. In 2021,
around 48 percent of Sri Lanka's electricity was supplied by renewable resources (almost entirely
hydro) and the rest of the supply was dominated by oil and coal-fired thermal power. Electricity
demand is also expected to grow by an annual rate of five percent for the coming 20 years. As
individual onshore wind and solar PV projects in Sri Lanka to date have tended to be small, and
land is a precious resource, their deployment rate could be insufficient to fully meet the 2030
target. Offshore wind has the potential to provide a large-scale contribution to help achieve the
government’s decarbonigation targets, especially in the longer term.

Security of supply: All of Sri Lanka’s hydrocarbon fuels are imported. This places a large risk on
the security of supply and affordability of the majority of the country’s electricity generation. This
risk was realiged in 2022, with fuel shortages and high prices. Transitioning to domestic sources
of energy, particularly renewable energy, will provide greater energy security. Sri Lanka’s +50
gigawatts (GW) of offshore wind resources offer an abundant domestic supply of energy and
could help improve the country’s energy security.

Economic benefits: The country’s dependence on imported fossil fuels places a large burden on its
foreign reserves; the depletion of these reserves led to the economic crisis in 2022. Transitioning
to domestic sources of energy, particularly renewable energy, can help to reduce the burden and
reduce the trade imbalance, thereby benefitting the economy. Furthermore, the development



of offshore wind could provide a substantial contribution to the economy; for example, over the
lifetime of a 500 megawatt (MW) offshore wind farm, the Sri Lankan economy could benefit
from approximately US$570 million of gross value added (GVA) through local investment and
employment. This could build on Sri Lanka’s maritime heritage and marine capabilities, helping to
diversify the local industry, shipyards, and port facilities.

Energy exports: An electrical interconnector between Sri Lanka and India could benefit both
countries and with the addition of large-scale offshore wind, Sri Lanka could become an energy
exporter, particularly at times where supply exceeds local demand. This would provide a new
revenue stream for the country and, as more local capacity is added, this export potential

and revenue could increase. The sale of power to consumers connected to the Indian grid (e.g.,
Bangladesh) could also be considered and would open up more offtake possibilities. In the future,
excess electricity generation could also be used to produce green hydrogen and other zero-
carbon energy vectors such as ammonia. These products could be sold to decarbonige maritime
transportation, for example. The economics of this opportunity will need to be assessed as green
hydrogen technology, and the markets for it, mature. However, it is likely to be a longer-term
opportunity and unlikely to feature in the business case for the country’s first projects.

Regional cooperation: India is exploring its offshore wind resources and targets the deployment
of 30GW of capacity by 2030. The Indian state of Tamil Nadu, which has India’s best resources,

is the closest to Sri Lanka and, during 2023, the Government of India intends to award seabed
leases for at least 4GW capacity in this state, with projects expected to commence construction
between 2028 and 2030. Regional cooperation between these two future markets could be
mutually beneficial. Unless significant interconnector capacity with India is built over time, Sri
Lanka’s total market sige will be relatively small (<5GW) by the industry’s standards but, when
considered in combination with the development in Tamil Nadu, it becomes more attractive

for developers, as well as port and supply chain investment. This could help to reduce the

costs of projects in both countries and increase local economic benefits in Sri Lanka. Similarly,
development in Sri Lanka could provide additional market opportunities for the Indian supply
chain.

Avoiding land use: Although Sri Lanka is a relatively large island, it still has limited space and
there are many competing uses for land, particularly agriculture which is an important sector for
the island’s economy. Unlike large-scale solar PV and onshore wind projects, offshore wind can
avoid using large areas of land, reducing the demand for onshore renewable energy sites.

SRI LANKA’S OFFSHORE WIND POTENTIAL

Sri Lanka has good conditions for offshore wind and its locational potential is estimated at S6GW.
This includes 27GW of fixed offshore wind in shallow waters (less than 50 meters) and 29GW of
floating offshore wind in deeper waters (between 50 and 1,000 meters). Analysis for this roadmap
used existing spatial data to characterige Sri Lanka's offshore wind resources and the potential
constraints to development. It assessed a wide range of environmental, social, and technical issues to
identify technically attractive initial exploration areas that, based on the data available, are likely to
have lower negative impacts associated with development.

Offshore Wind Roadmap for Sri Lanka



There are three broad areas suitable for offshore wind development, but the western and southern
coasts have the most energetic wind speeds and suitable technical conditions. The map in Figure ES.1
shows these three areas and Table ES.1 provides a summary of their offshore wind potential.

Areas with the highest environmental or social sensitivities have been excluded to avoid
unacceptable adverse impacts. There are many coastal and marine areas that have significant
environmental, social, and technical sensitivities that have been categoriged as restriction gones.
Offshore wind development may be possible in these gones, but it is likely that substantial measures
will be required to manage and mitigate adverse impacts.

FIGURE ES.1: THE THREE POTENTIAL AREAS FOR OFFSHORE WIND, INCLUDING THE PRIORITY

AREAS TO BE CONSIDERED FOR SRI LANKA'’S FIRST OFFSHORE PROJECTS — MANNAR AND
PUTTALAM.

EXECUTIVE SUMMARY Xl



Xl

TABLE ES.1: CHARACTERISTICS OF THE THREE POTENTIAL AREAS SUITABLE FOR OFFSHORE
WIND DEVELOPMENT.

Fixed Potential Floating Potential Typical Wind

Speed at 150m
km? GW km?2 GW m/s
Area 1: North 4,564 18 3,697 15 7-9
Area 2: West 1,027 4 624 2 7-85
Area 3: Southeast 1,336 5 2,947 12 7-9
TOTAL 6,927 27 7,268 29

Not all 56GW of offshore wind potential will be developed due to practical and cost limitations.
The estimate of 56GW is based on high-level analysis using existing spatial data and there are
significant gaps in the data available. Future studies and research are needed to better understand
the feasibility of offshore wind development in Sri Lanka’s waters and fill these data gaps. As offshore
wind capacity grows, the cumulative impact of multiple projects may limit further development.
Furthermore, not all of the resource identified will be economically feasible, especially areas with lower
wind speeds and deeper waters. Despite these challenges, even a small portion of the offshore wind
resource identified in this roadmap could provide a significant contribution to Sri Lanka’s energy mix
and present a promising new opportunity for the country.

SCENARIOS FOR OFFSHORE WIND DEPLOYMENT

To illustrate possible development paths for offshore wind in Sri Lanka, two deployment scenarios
have been developed — a low and a high growth scenario (see Table ES.2 for a summary). The purpose
of these scenarios is to illustrate the potential effect of industry scale on cost, consumer benefit,
environmental and social risks, and economic impact. The scenarios are based on feedback from
stakeholders, assessments of the state of offshore development today, statements on the political
aspirations of Sri Lanka, and an assessment of the overall potential for offshore wind in the country.
They were not established or tested through power generation planning or modelling; the roadmap
recommends this as another priority next step.

Under either scenario, by around 2030, Sri Lanka could commission its first offshore wind farms,
developing the skills and experience needed for further expansion post 2030. Both scenarios will
require close collaboration between public and private stakeholders and financial derisking from
international donors and financial institutions.

It is recommended that the Government of Sri Lanka sets both short-term (2030) and long-term (2050)
offshore wind targets and makes amendments to establish a supportive regulatory framework.

The two development scenarios are summariged as follows:

Low Growth Scenario. The Low Growth Scenario assumes a modest deployment of offshore wind
capacity, with 0.5GW by 2030, 1GW by 2040, and 2GW total by 2050. This would be the equivalent
of five percent of Sri Lanka’s generation capacity in 2030, and about six percent in 2040. An
installed capacity of 500MW by 2030 is estimated to avoid between 0.85 and 1.0 million metric
tons of CO, emissions per year and, over the lifecycle of the project, could support employment up
to 25,000 full-time equivalent (FTE) direct and indirect employment for the local communities.
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Assuming that appropriate derisking reduces the cost of capital and that climate funds or other
concessional sources can be mobiliged, the leveliged cost of energy (LCOE) for a first 500MW
project is estimated to be US$75 to 90 per megawatt hour (MWh). As the industry continues to
mature and the experience of deploying offshore wind in Sri Lanka reduces risk for subsequent
projects, the LCOE is expected to reduce for subsequent projects and could reach US$60 per MWh
by 2050.

High Growth Scenario. The High Growth Scenario assumes a larger accumulated installed
capacity of 1GW in 2030, 2.5GW in 2040, and 4GW in 2050. This would be the equivalent of
10 percent of generation capacity in 2030, and about 15 percent in 2040. An installed capacity
of 1GW by 2030 is estimated to avoid between 1.7 and 2.0 million metric tons of CO, emissions
per year. Over its lifecycle 1GW of capacity could support employment up to 57,600 full-time
equivalent (FTE) direct and indirect employment for the local communities.

Since 1GW in 2030 is not sufficient to develop a local supply chain or gain economies of scale, the
LCOE is expected to have the same range as for the Low Growth Scenario. Therefore, the benefits
of larger deployment scale are likely to be seen after 2030. Post 2030, the LCOE could fall below
US$60 per MWh by 2040 and be approximately US$50 per MWh by 2050.

This scenario explores an interconnection link with India to export excess supply of electricity, as
well as the production of green hydrogen in the longer-term. However, the economics of hydrogen
generation would need to be assessed and depend, among other things, on technology and
market developments. It also builds upon the idea of developing regional partnerships with China,
Vietnam, and India to forego domestic supply chain constraints.

To incentivige developers, the regulatory foundation for offshore wind in Sri Lanka must be streamlined
to ensure transparent and competitive procurement routes. Furthermore, offshore wind should be
incorporated into the long-term plan for expanding and reinforcing the transmission grid, taking into
account the large scale of generation.

FIGURE ES.2: IMPACT OF OFFSHORE WIND IN SRI LANKA UNDER LOW AND HIGH GROWTH

SCENARIOS, PERIOD 2030 TO 2050".
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Low and High Growth Scenario

LCOE by 2030 | US$75-90 per MWh LCOE by 2030 = US$75-90 per MWh

LCOE by 2050 | US$50-60 per MWh LCOE by 2050 | US$50-60 per MWh

1 All figures are cumulative over the period 2030 to 2050, unless stated.
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TABLE ES.2: OVERVIEW OF CUMULATIVE INSTALLED CAPACITY OF OFFSHORE WIND BY
2050 IN LOW AND HIGH GROWTH SCENARIO.

Offshore Wind By 2030 By 2040 By 2050
Low growth (cumulative) 0.5GW 1GW 2GW
Bottom-fixed 0.56W 1GW 1.5GW
Floating OGW OGW 0.5GW
High growth (cumulative) 1GW 2.56W 4GW
Bottom-fixed 1GW 26W 3GW
Floating oGW 0.56W 1GW

These two scenarios are hypothetical and were devised to demonstrate the impacts of government
policy and actions. Therefore, the actual volumes of offshore wind installed in Sri Lanka will likely
differ from these scenarios, both in terms of overall volume and phasing of installation. The high
growth scenario should not be seen as a ceiling; should the government and other stakeholders follow
the recommendations in this roadmap, there is potential for offshore wind to exceed this scenario,
especially if a power interconnector with India is constructed.

CHALLENGES FOR DEVELOPING OFFSHORE WIND

While there are numerous challenges to developing offshore wind, these are common to many
countries looking to deploy this technology for the first time. Some of the main challenges include:

The country is currently experiencing a severe economic crisis. Unable to service its high debt
costs, it announced a debt moratorium in April 2022. A large trade imbalance, exacerbated by
expensive fossil fuel import costs, contributed to the crisis. Transitioning to renewable energy and
thereby reducing fuel imports is expected to be an important action in the country’s recovery.

Offshore wind has a higher cost than onshore wind and solar PV which could lower interest
to start developing the offshore wind industry in a timely manner. However, the realizable
potential of onshore renewables may not be sufficient to meet the country’s energy needs and
decarbonigation objectives by 2030 and beyond. Since offshore wind is an attractive option

to ramp-up renewable generation in Sri Lanka, the development of both onshore and offshore
renewables needs to be viewed holistically to reach the country’s ambitious goals.

The domestic supply chain potential is limited. Sri Lanka would therefore be highly dependent
on international suppliers and developers for equipment and materials. The relatively small volume
of offshore wind expected in Sri Lanka itself does not offer natural incentives to localige the
supply chain significantly. However, the much larger volume of offshore wind development in the
region offers potential for supply chain development in the region, including export opportunities
for Sri Lanka.

Sri Lanka has no track record in offshore wind. The country nonetheless has some capabilities
in permitting and infrastructure development, as well as operation and maintenance (O&M)

in related sectors, such as onshore wind and onshore electrical infrastructure, as well as offshore
oil and gas exploration.
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Port infrastructure needs to be properly assessed and upgraded. The ports of Colombo and
Hambantota can be upgraded to suit the requirements of offshore wind installation operations
and specialiged vessels. Trincomalee and Kankasenuthurai, however, would need major
upgrades to be suitable. Capable ports could also allow the possibility of supplying the Indian
offshore wind industry.

No dedicated offshore wind regulatory and institutional framework has been adopted.

The existing legal and regulatory system is primarily geared towards smaller scale, onshore
renewable projects, which does not provide the needed clarity and certainty especially with regard
to planning and permitting.

The transmission system requires strengthening in consideration of the offshore wind
capacities to be added. Adding large offshore wind farms each will have a significant impact on
the transmission system. To be able to handle this ramp-up, there is need for proper planning and
investments in grid infrastructure to provide the necessary upgrades.

Large CAPEX and insufficient and high cost of domestic capital are challenges to an
affordable cost of electricity from Sri Lanka’s first offshore wind developments. The cost of
capital from Sri Lankan banks is typically as high as 15 percent. Local banks will likely not be able
to provide loans at the scale and with the tenor needed for offshore wind. International capital will
be needed to finance projects and access to low-cost concessional finance will be essential to reduce
the cost of energy of the first offshore wind projects.

RECOMMENDED APPROACH

Although Sri Lanka has a clear opportunity to deploy offshore wind generation, there are important
technical and economic challenges and risks which can make the opportunity less attractive to
investors and project developers. The overall market opportunity is relatively small, which could make
it more difficult to attract capable, experienced project developers to Sri Lanka. Developers are likely
to include a premium to cover the risks and limited opportunity, and this would increase the cost of
electricity. Derisking the investments to the extent possible is therefore critical.

For these reasons it is recommended that the Government takes a proactive role in the planning
and delivery of offshore wind projects. It should do this by carrying out early-stage development
activities and providing greater regulatory and commercial certainty. This will reduce the risk to
investors, making the opportunity more attractive, and help to reduce costs. It will also provide time
for the country’s economy to recover before inviting investors to enter Sri Lanka. Further derisking
instruments, including guarantees, will likely be required to attract the required capital at an
affordable rate.

The development of offshore wind projects takes considerably longer than for onshore renewable
energy projects. To avoid delays and higher costs, it is also important to focus on quality and risk
reduction to ensure that the data and development work can be relied upon by developers bidding
into the future tender. Figure ES.3 summariges the main phases in the development and delivery of an
offshore wind project. It focuses on the government-led development and preparatory activities that
need to occur before a project tender, along with an estimated timeline for this work.

EXECUTIVE SUMMARY
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FIGURE ES.3: REPRESENTATIVE TIMELINE FOR DEVELOPMENT WORK AHEAD OF A PROJECT
TENDER COMPETITION.

Project &
PPA Tender

GOVERNMENT ACTIVITIES DEVELOPER ACTIVITIES
A Si Site Investigations, Devel & :

Spatial Planning ~ Site Assessment  Grid Connection Planning

Stakeholder Engagement
Wind Modeling Wind & Metocean Measurements
Environmental & Social Scoping Env. & Soc. Surveys ESIA Approval

Pre-Feasibility ~ Feasibility Studies
Geophys Surveys ~ Geotech Surveys

Regulatory Analysis Tender Design

Establish Targets & Policy Offshore Wind Developer Consultations
L JL J
9-12 Months 18-24 Months
PATHFINDER PROJECT

This roadmap identifies two large areas in the Gulf of Mannar that could be suitable for Sri Lanka’s
first offshore wind project(s). These two areas, which are close to Mannar Island and Puttalam, are

shown in Figure ES.1. Both have shallow waters suitable for fixed foundation turbines and moderate
wind speeds, averaging 8-9m/s.

To progress with this approach the Government would carry out the technical and regulatory activities
shown in the first two area and site selection phases of Figure ES.3, to better understand the two
potential areas and the regulatory changes that would be required to run a tender to award a project
and power offtake agreement. Subsequently, in the site investigation, design, and permitting phase,
Government agencies would need to conduct site surveys, feasibility studies, and tender design, as well
as implement the necessary regulatory changes and initiatives needed to reduce the cost of financing for
projects. Development partner or donor funding is likely to be required to help fund these activities.
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RECOMMENDED ACTIONS

From the analysis and findings of this roadmap, we recommend 22 actions that are required to deliver

the high growth scenario. Each of these recommendations is described in more detail in section 6 and
evidence is provided in the Supporting Information found within sections 7 through 16 of the roadmap.

FIGURE ES.4: PRIORITY THEMES TO CREATE A SUCCESSFUL OFFSHORE WIND INDUSTRY.

2023: Set the vision
- Establish offshore wind targets
- Include offshore wind in LTGEP and LTTDP

2023-2025: Prepare Pathfinder Project

- Spatial planning and stakeholder consultation
- Wind, seabed, environmental data collection

- Industry engagement

Successful - Design tender competition

offshore wind

industrg 2024-2026: Establish Frameworks and Derisk
- Identify and implement regulatory updates

- Launch competitive tender

- Enable long-term, bankable PPAs to be offered

- Create derisking instruments to reduce cost

2026-2030: Deliver OSW Projects and Infrastructure

- Port and grid upgrades, including India interconnector

- Support the construction of pathfinder projects

- Plan future fixed and floating offshore wind projects beyond 2030

The following points summarige the roadmap’s 22 recommended actions.

Vision and Volume Targets

1. SriLankan Sustainable Energy Authority (SLSEA) and Ceylon Electricity Board (CEB) should
integrate offshore wind into the long-term generation expansion plan (LTGEP). A holistic plan,
supported by energy system modeling should consider the characteristics of offshore wind and its
potential contribution to the country’s decarbonigation goals.

2. SLSEA should establish a long-term vision for offshore wind including installation targets.
Including both shorter (i.e., 2030) and longer (i.e., 2050) targets helps investors to plan and gives
confidence in the market opportunity. The vision should be informed by the LTGEP and economic
analysis. Longer-term opportunities such as floating wind and green hydrogen should also be
included in the vision.

3. Oneor two 500MW pathfinder project(s) should be considered by SLSEA. This capacity could
be commissioned around 2030 and would help to overcome barriers and risks for future capacity
additions, enabling subsequent cost reductions.
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Regulatory and Policy Framework

4. SLSEA in collaboration with other authorities such as Petroleum Development Authority of
Sri Lanka (PDASL) and Marine Environmental Protection Authority (MEPA), should lead
integrated spatial planning to identify and assess the preferred locations for future offshore
wind projects. The spatial planning should include stakeholder engagement and strategic
baseline studies to ensure well informed site selection. This work can be supported by subsequent
technical assistance from development partners.

5. SriLanka should follow a government-led approach to planning and procuring the pathfinder
project(s). The SLSEA should plan this approach, discuss it with industry and other stakeholders,
then publish it in the Sri Lanka Gagette. The process should be competitive, fair, and transparent,
taking lessons from international experiences and incorporating them with local norms.

6. SLSEA should carry out a regulatory gap analysis and identify any required amendments
or new regulations to deliver the government-led procurement model. Many elements of the
framework can be adjusted to suit the requirements of offshore wind but others, such as the
provision of seabed leases/concessions, may require new legislation.

7. The Central Environmental Authority (CEA), in collaboration with SLSEA, should develop and
publish detailed guidance on the permitting process. This should include a list of all the permits,
authorities, and timelines to be considered. This should also include the important environmental
and social impact assessment (ESIA) process following good international industry practice (GIIP).

Financial and Economic

8. SLSEA, with support from development partners, should investigate the use of derisking
mechanisms, including guarantees, and opportunities to mobilize low-cost concessional
finance. The objective is to ensure the pathfinder project(s) risk is sufficiently mitigated
to encourage investors and to reduce the cost of financing. This will help to reduce the cost of
electricity and ensure the participation of competent, experienced developers, which will increase
the chance of successful delivery.

9. The CEB should establish a long-term, bankable, power purchase agreement (PPA). This
should take into account the specificities of offshore wind, fairly allocating risk between off-taker
and developer, and ideally addressing exchange rate risk, repatriation of profits, and curtailment
payments. The PPA must be considered bankable for projects to obtain debt financing.

10. SLSEA and CEB should also consider the feasibility and potential benefits of renewable energy
support schemes. This would include any additional mechanisms needed to reduce the PPA price
to an acceptable, affordable level.

Health and Safety (H&S)

11. The Government should introduce H&S requirements in alignment with industry best-practice
standards. Adopting international standards with a long track record ensures safe procedures
during installation and operation.
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Grid and Port Infrastructure

12.

13.

14.

15.

16.

17.

18.

19.

The Sri Lanka Ports Authority (SLPA) should assess port requirements and options for
upgrading ports to support the installation of the pathfinder and subsequent projects. This
should consider the feasibility and merits for upgrading Sri Lanka’s ports and whether there are
more economical options.

Assuming a local port should be upgraded, SLPA should undertake works to improve
the capabilities of the port of Colombo and/or Hambantota. The works should be strategjic,
considering opportunities to supply/service projects being developed in India, as well as domestically.

SLPA should assess and upgrade smaller local ports to use in the O&M phase in order to enhance
local job creation, as well as ensure a reliable, safe, and lasting operation of the wind farms.

CEB should include offshore wind in the next iteration of the long-term transmission
development plan (LTTDP). This should be based on the LTGEP, and the targets and timelines set
by SLSEA.

CEB should clarify which entity is responsible for constructing and operating the export
system between an offshore wind farm and the onshore transmission grid. It is recommended
that this should be the responsibility of the developer, though CEB could be best placed to lead the
onshore work.

CEB should construct strategic transmission reinforcements. Given the scale and long
development times of offshore wind projects, these sigable reinforcements should be planned
and implemented well in advance of projects being commissioned. They can be delivered
strategically to avoid a less efficient project by project approach.

The Ministry of Power and CEB should continue to explore the electrical interconnection

link with India. This could enable the partial or full sale of offshore wind generated power to
consumers or markets in the region, as well as helping to balance the local grid and facilitate the
integration of variable renewable energy.

As part of a long-term decarbonigation plan, SLSEA and PDASL should explore the potential to
produce green hydrogen and ammonia. It is unlikely to be economically viable in the shorter term
but, in the absence of an interconnector with India, this could become a critical part of the

Sri Lankan energy system. Alternatively, cheaper sources of electricity could be used to produce
green hydrogen, and offshore wind be used to supply the grid.

Supply Chain

20. SLSEA and the Sri Lanka Ports Authority (SLPA) should consider the merits of incentives to

21.

22.

support industry growth and local supply chain capability. This could, for example, include tax
exemptions/reductions, availability of reduced rate land/property within port areas, or access to
lower-cost finance.

SLSEA and relevant Government agencies should map local supply chain capabilities. This
should identify local firms with any capability or likely future capability to supply or service
offshore wind projects.

SLSEA should consider establishing strategic regional partnerships with other offshore wind
markets. Suppliers in India, China, and Vietnam, for example, could be an alternative

to overcome domestic supply chain constraints and to both draw on regional skills and help
develop them domestically.

EXECUTIVE SUMMARY
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} 1INTRODUCTION

The World Bank Group (WBG) launched a new global initiative on offshore wind in March 2019. The
Offshore Wind Development Program is led by the Energy Sector Management Assistance Program
(ESMAP) in close partnership with the IFC2. The Program'’s objective is to support the inclusion of
offshore wind into the energy sector policies and strategies of emerging market countries and support
the preparatory work needed to build a pipeline of bankable projects.

In this context, Sri Lanka has a significant potential for offshore wind. In recent analysis by the World
Bank Group [1], Sri Lanka’s offshore wind technical potential® was estimated at 92GW, comprising
55GW from fixed offshore wind and 37GW from floating offshore wind (i.e., in water depths >50m).
Sites in the northwest of the country’s waters, such as the Gulf of Mannar and Palk Bay appear to
have strong wind resource combined with relatively shallow waters making it potentially suitable

for deployment of fixed offshore wind. The southeast waters also present good wind conditions, but
quickly turn into deeper waters implying floating offshore wind solutions.

This roadmap was commissioned by WBG following a request from the Government of Sri Lanka for
assistance on assessing the country’s offshore wind opportunity. The work was funded by ESMAP
and PROBLUE. It has benefited from a wide range of input received from stakeholders representing
industry, governmental, and non-governmental organigations.

The objective of this roadmap is to provide strategic analysis and advice on the role that offshore
wind could play in Sri Lanka’s future energy mix, analysis on the key opportunities and challenges,
and recommendations on next steps in terms of policy formulation, planning, and developing bankable
projects. The assignment shall inform the WBG advice to the Government of Sri Lanka and the
Government's consideration of policy and investment options for offshore wind. The international
consulting firm COWI was commissioned to lead the roadmap, working closely with the WBG team, as
well as the Lanka Hydraulic Institute, EML Consultants, and the Biodiversity Consultancy.

This roadmap has been prepared based on desk studies and stakeholder consultations. Meetings have
been held with relevant authorities in Sri Lanka, as well as other important stakeholders. Furthermore,
four stakeholder consultations obtained feedback from the following stakeholder groups:

Government stakeholders: Ministry of Power and Renewable Energy, Sri Lankan Sustainable
Energy Authority (SLSEA), Ceylon Electricity Board (CEB)

Private sector stakeholders, including project developers: Wind Force Ltd, LTL Holdings Ltd,
Senok Wind Power Pvt. Ltd. Lanka Transformers, Celex Renewables, Chamber of Commerce
(committee on RE/energy)

2 IFC — International Finance Corporation is an international financial institution that offers investment to encourage private-sector development in less developed
countries. IFC is member of the World Bank Group.

3 The technical potential is the achievable capacity, generation, and suitable area for offshore wind technology given seabed conditions and wind resource only, not
taking into consideration environmental and social constraints. Note, this report assumes that fixed offshore wind is more likely to be economically viable in water
depths less than 50, however, as technology has evolved, it is technically feasible to install fixed foundations in depths of up to 70m.



Domestic Financial Institutions: NDB Bank, DFCC Bank PLC, Commercial Bank of Ceylon PLC

International Financial Institutions: IFC, Asian Development Bank, Japan International
Cooperation Agency (JICA)

Depending on the extent to which any roadmap recommendations are implemented, and market
conditions, there are a range of growth outcomes possible for the offshore wind industry. As a result, and
to illustrate possible development paths for offshore wind in Sri Lanka, two hypothetical deployment
scenarios were developed — a low and a high growth scenario. The scenarios were developed based on
feedback from stakeholders, assessments of the state of offshore development today, statements

on the political aspirations of Sri Lanka, and an assessment of the overall potential for offshore wind
in the country. Note that these two growth scenarios are covered in detail in section 3.2.

The structure of this report is comprised of a main body (Chapters 2-6), which summarizge the key
findings and conclusions of this report, as well as presenting the roadmap. Chapters 7-15 present a
more detailed analysis of the themes of this report.

1 Introduction 2



} 2BACKGROUND

Sri Lanka has a gross domestic product (GDP) per capita of US$3,852 (2019) and a total population of
21.8 miillion. Since the end of the three-decade civil war in 2009, Sri Lanka has begun focusing on long-
term strategic and structural development challenges.

The country has traditionally relied on the agricultural sector as a major source of economic output.
However, today the share of agriculture in Sri Lanka’s GDP is only around eight percent. Industry
contributes with approximately 26 percent and the service sector is now by far the dominant
contributor to GDP with about 60 percent.

The overall economic picture in Sri Lanka has been impacted severely by the COVID-19 pandemic, with
economic growth sharply contracting in 2020 [2]. The impact has left Sri Lanka with output drops in
many sectors, and the government has acted to support flagging sectors. However, recent projections
by The World Bank and Asian Development Bank foresee a growth rate in 2021 of 3-4 percent.

With a growing economy and continued electrification of the country and various sectors, electricity
demand is expected to grow significantly. However, it will be challenging for the Sri Lankan energy
sector to meet the growing demand with affordable and reliable electricity. The share of fossil fuels
in the power generation mix has been increasing, and efforts to shift to clean energy have been
hampered by a lack of capacity, incentives, and investments to develop large-scale renewable energy
projects and associated transmission facilities.

Sri Lanka has, though, made significant effort in developing green and renewable energy in recent
years, with a notable capacity addition in onshore wind comprising inter alia the 100MW Mannar
Onshore Wind Farm. However, with the ambitious target of obtaining 70 percent of electricity
generation via renewable energy sources by 2030 and a full 100 percent renewable energy generation
by 2050, offshore wind becomes a relevant and important technology to consider developing.



2.1 CURRENT ELECTRICITY SECTOR

In 2021, the total electricity net generation amounted to 16,716GWh [3]. This was supplied by a total
installed capacity of 4,186MW. The typical maximum power demand is approximately 2,800MW,
often occurring between March to May.

Electricity generation in Sri Lanka is dominated by oil and coal-fired thermal power generation

(49 percent of supply) and hydro power (43 percent, comprising both large- and mini-scale hydro). The
remaining eight percent of generation was supplied by wind, solar, and other RE capacity. A summary
of this generation mix is shown in Figure 2.1 and statistics for 2021 are provided in Table 2.1.

Sri Lanka does not currently have any gas-fired power generation, however the country’s first Liquid
Natural Gas (LNG) combined cycle plant is under construction at Kerawalapitiya and will have a total
capacity of 300MW. Gas-fired generation capacity is expected to increase further — see section 2.2.

Over three quarters of power generation capacity is owned by the Ceylon Electricity Board (CEB), with
the remaining 24 percent of the country’s generation owned by independent power producers (IPPs).
Typically, these IPPs are domestic firms with relatively small-scale (<100MW) projects.

Hydro generation varies throughout the year depending on the monsoon season and the availability
of water in the reservoirs. During the dry season (January to April), water levels in the reservoirs tend
to be low, leading to reduced hydro power generation. In contrast, during the monsoon season (May
to October), high rainfall raises the water levels in the reservoirs and increases hydro generation.
Typically, thermal generation increases during the dry season to counter the reduced hydro output.

The country’s reliance on hydro and thermal power generation increases the risk of disruption due to
the availability of water (rainfall) and fuel. In early 2022, the increased demand for fossil fuels during
the dry season contributed to the economic crisis (see section 2.4) and insufficient foreign capital
was available to import the fuel needed to meet demand; as a result, the grid was unable to supply
its customers and blackouts occurred. Furthermore, the recent high prices of fossil fuels substantially
increased the cost of generation, and Sri Lanka is exposed to future price volatility.

The Sri Lankan electricity market is currently a single buyer model with CEB as the single, state-
owned, integrated utility. There is no electricity spot market or renewable support schemes for
projects of the typical sige of offshore wind farms. The government is currently planning a major
sector reform which may start introducing steps towards a wholesale market, but the details are not
yet known. Future renewable energy schemes are likely to be a major determinant of offshore wind
development, and the suitability of these schemes should be considered in the next stages of offshore
wind development following on from this roadmap.

2 Background



FIGURE 2.1: SRI LANKA POWER GENERATION IN 2021, SHOWING PERCENTAGE OF TOTAL
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TABLE 2.1: POWER GENERATION STATISTICS FOR 20213.

Tuoe Capacity Generation
P Percentage of Total Percentage of Total

Major Hydro 1,383 5,640 33% 34%
Thermal (Oil) 654 1,231 16% 7%
CEB Thermal (Coal) 900 5,519 22% 33%
Wind 104 318 2% 2%
TOTAL 3,041 12,708
Thermal (Oil) 433 1,400 10% 8%
Mini Hydro 414 1,568 10% 9%
Wind 148 327 4% 2%
IPP Other RE 50 163 1% 1%
Grid Solar PV 100 156 2% 1%
Rooftop Solar PV N/A 389 N/A 2%
TOTAL 1,145 4,003

Combined Total | 4,186 | 16,711

3 The technical potential is the achievable capacity, generation, and suitable area for offshore wind technology given seabed conditions and wind resource only, not
taking into consideration environmental and social constraints. Note, this report assumes that fixed offshore wind is more likely to be economically viable in water
depths less than 50, however, as technology has evolved, it is technically feasible to install fixed foundations in depths of up to 70m.
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2.2 FUTURE ELECTRICITY DEMAND AND GENERATION

2.2.1 Future Demand

Demand for electricity in the country has been growing at an average rate of about 4.4 percent
per annum during the last fifteen years [4], though it contracted during 2020 due to the COVID-19
pandemic.

Annual power demand is expected to increase from 16,741GWh in 2022, to 53,703GWh by 2046.
This represents a demand increase of over 220 percent in that period, and a 25-year average
annual growth rate of five percent [4]. Peak demand is expected to exceed 9GW by 2046. While grid
connectivity has reached most parts of the country, the growth is a result of increased industrial,
commercial, and consumer demand.

The “base case” forecast electricity demand between 2022 and 2046 is shown in Figure 2.2.

FIGURE 2.2: SRI LANKA’S BASE DEMAND FORECAST FOR ELECTRICITY BETWEEN

2022 AND 2046 [4].
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2.2.2 Renewable Energy Targets

In pursuance of increased adoption of renewable energy, Sri Lanka has set a target to use only
renewable energy for electricity generation by 2050. The target shall be obtained by a phased

approach with 70 percent renewable energy in electricity generation by 2030, and ‘carbon neutrality’
in electricity generation by 2050. This pledge is underlined in Sri Lanka’s recently (2021) Updated
Nationally Determined Contributions (NDCs) under the UNFCCC framework [5] where the two
renewable energy targets for electricity generation is explicitly confirmed. Additionally, the NDC states
that Sri Lanka commits to no capacity addition of coal power plants.

Sri Lanka already has a good share of renewable energy in the electricity generation mix. Reaching
70 percent by 2030, however, is a huge task and will require significant new renewable energy capacity.

2 Background



2.2.3 Future Generation

The CEB long term generation expansion plan (LTGEP) 2022-2041 [4] considers the future generation
mix required to meet this demand under four policy scenarios, including a base case and +50 percent
renewable electricity generation by 2030. The LTGEP was approved in mid-2021, before the country’s
NDCs were updated and therefore does not consider the commitment to avoid building new coal-fired
generation. A new LTGEP plan* is being prepared for the period 2023-2042 [6]. This will align the plan
with the Government's target of 70 percent renewable energy by 2030 and commitment for no new
coal generation. The draft plan notes that the large potential for offshore wind power development

in northwestern and southeastern regions have been identified by initial assessments in World Bank
Group studies. The new LTGEP will also include a larger contribution of low-carbon energy (to replace
planned coal and other thermal generation) and therefore could include additional large-scale variable
renewable energy, such as offshore wind.

The 2022-2041 LTGEP foresees the use of fossil fuel in combination with renewable energy-based
power generation options to meet the increasing electricity demand. Under the ‘current policy’
scenario, the plan forecasts over 6GW of new fossil fuel capacity® to be added by 2041. The scenarios
plan for 600 to 2,400MW of new coal generation by 2041 with a typical plant factor of 80-85
percent. This planned new coal capacity will need to be replaced by low-carbon energy sources in the
next revision of the LTGEP.

The plan also forecasts over 6.5GW of variable renewable energy additions by 2041 and states
that up to 1,J00MW of wind could be operational by the end of 2030, with approximately 100MW
being added annually thereafter, leading to +2,000MW of wind by 2040. Note that, at the time
of writing, the draft LTGEP for 2023-2042, anticipates a total installed capacity of +3,200MW of
wind by 2040; a substantial increase on the previous LTGEP version and reflecting Sri Lanka’s
recent policy commitments.

Sri Lanka has significant potential for solar, onshore wind, and biomass, and, when coupled with
the existing hydro generation, could be sufficient to supply Sri Lanka’s future decarboniged energy
system. For example, SLSEA’s Renewable Energy Resource Development Plan 2021-2026 [7]
estimates Sri Lanka’s renewable energy resources and identifies land areas for around 10GW of
onshore wind, 30GW of solar PV, 900MW of floating solar PV, and 800MW of biomass potential. It
also prioritiges land for around 1GW of large-scale wind and solar PV projects to be delivered in this
5-year period.

Progress in developing large-scale renewable electricity generation, however, has been slow.
Agriculture is a critical part of Sri Lanka’'s economy, so land is a precious resource; this could hamper
the buildout of large onshore renewable generation. Therefore, it may not be possible to meet the
2030 renewable energy targets with onshore resources alone, and offshore wind could help to add
sigable capacity with a single project.

4 The draft LTGEP (2023-2042) was made publicly available for stakeholder comments in October 2022 by the Public Utilities Commission of Sri Lanka.
5  Comprising; Gas (1,230MW), Coal (2,400MW), Combined Cycle (1,500MW), and IC engines (900MW).
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Sri Lanka has some of the highest electricity costs in Asia. As all fuel is currently imported, the
country is exposed to future fuel price variability. The LTGEP assumes the following future costs for
new thermal generation:

Natural Gas (combined cycle), with a project sige of 300-400MW: 9 to 12 US Cent/kWh

Coal, with a project sige of 300-600MW: 7 to 10 US Cent/kWh

Costs for variable renewable energy, such as wind and solar, are also assumed to be comparatively high
(typically 7 to 10 US Cent/kWh), but this assumes relatively small-scale projects of around 10MW.

FIGURE 2.3: BREAKDOWN OF TOTAL INSTALLED CAPACITY BETWEEN 2022 AND 2041,

AS PER THE LTGEP 2022-2041 [4].
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2.2.4 Interconnector with India

An electrical interconnector between Sri Lanka and India has been considered many times in

the past, but a project has not yet been taken forward. Government-to-government dialogue on the
interconnector has recently resumed and a 500MW High Voltage Direct Current (HVDC) link was
analysed in one of CEB’s LTGEP scenarios. Work is ongoing to assess the technical, commercial,
and economic feasibility of the interconnector, but it is expected to be mutually beneficial for both
countries; with Sri Lanka having an additional source of power to aid system balancing, and India
benefitting from additional supply of renewable electricity at times where not all generated power is
required in Sri Lanka.

Power from large-scale offshore wind, or other renewable energy capacity, could be partially or entirely
exported to India (or other South Asian consumers) via the interconnector. This could enable the buildout
of more renewable electricity generation than required domestically and would provide a new source of
foreign revenue for Sri Lanka.

Further information on the interconnector is provided in section 11.3.3.
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2.3 ONSHORE WIND IN SRI LANKA

Sri Lanka has a good resource potential for onshore wind power development, with many areas having
annual average wind speeds of greater than 7m per second®, as demonstrated by Figure 2.4 extracted
from the Global Wind Atlas.

Sri Lanka experiences two monsoon seasons: the southwest monsoon season from May to September
and the northeast monsoon season from December to February. Wind speeds are typically higher during
the northeast monsoon season. During the inter-monsoon seasons (October to November and March to
April), the wind speed tends to be lower and more variable, resulting in lower power generation potential.

The total estimated onshore wind potential based on the wind resource and constraints was estimated
at 10GW by SLSEA [7]. However, because of unknown constraints and economic feasibility, the
realigable potential is likely to be much lower, and some sources [8] estimate it could be as low as 1GW.
Consequently, this makes Sri Lanka’s offshore wind power potential even more relevant as a renewable
energy source.

FIGURE 2.4: ANNUAL AVERAGE ONSHORE WIND SPEEDS AT 100M HEIGHT [9].

6  This is a typical benchmark for ‘good’ onshore wind resources. Capacity deployed in areas with average wind speeds of 6 to 7m/s may also be economically viable.
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The installed operational onshore wind capacity is currently 252MW distributed between 18 projects
— see Figure 2.5. A major part of the capacity is located just north of Colombo in Puttalam area. The
largest onshore wind farm to date with a capacity of 104MW is located at Mannar in the northwest
of the country. Some of the country’s more energetic sites are located far inland but, due to grid and
transportation challenges, development has been closer to the coasts.

FIGURE 2.5: LOCATION, BY REGION, OF ONSHORE WIND FARMS IN SRI LANKA.

Source: www.thewindpower.net
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2.4 ECONOMIC CLIMATE

The economic climate in Sri Lanka is strained due to high levels of debt as a result of poor fiscal and
monetary policy in the past several years. Subsequently, it is expected that Sri Lanka’s real GDP will
have dropped by 9.2 percent at the end of 2022 and may further contract by 4.2 percent in 2023
[10]. After the previous president resigned in 2022 following demonstrations, political and economic
uncertainties have continued to persist. An IMF support package is expected to be forthcoming in
2023, and the government is planning a number of reforms, including a significant power sector and
tariff reforms.

Sri Lanka has been highly dependent on importing fossil fuels to meet energy demand. This, combined
with large imports in other sectors, created a large trade deficit. In 2022, CEB estimated [4] that Sri
Lanka spent around US$570 miillion per year on fossil fuel imports for power generation (including on
diesel, fuel oil, naphtha, and coal). By 2040, the annual cost of fossil fuel imports’ is expected to rise to
around US$1.5 billion per year, further exacerbating the trade imbalance.

In 2022, the large reduction in foreign income from tourism due to the COVID-19 pandemic, combined
with the rapid rise in fossil fuel prices due to the war in Ukraine, led to the country having insufficient
foreign currency (primarily US$) and defaulting on its debts in May 2022. Sri Lanka was unable to
make payments to import fuels which caused a fuel crisis that eventually led to the widespread public
demonstrations [11].

A long-term solution to break the dependency of importing fossil fuels could be large-scale
deployment of renewables, such as solar, onshore wind, and offshore wind. This would reduce the
country’s fuel import payments and help to conserve valuable foreign currency. The large-scale
deployment of renewable energy is also essential for the country to meet its targets of 70 percent
renewable electricity by 2030 and 100 percent in 2050. As discussed in this Roadmap, Sri Lanka has
significant potential for offshore wind and it could make a valuable contribution to the renewable
energy mix, alongside hydro, solar, and onshore wind.

Establishing an offshore wind industry in Sri Lanka and developing a supply chain would benefit the
country in several environmental, economic, and socio-economic areas. It has shown to benefit job
creation and access to clean and affordable energy without the need to import large amounts of fossil
fuels. At large, Sri Lanka would benefit from reduced emissions, energy independence, and foreign
direct investment (FDI).

The time to develop an offshore wind farm (OWF) is long — typically seven to ten years — which
means that, to achieve the ambitious goals, progress needs to start today. The government will
need to proactively attract developers by creating incentives which derisk and ease the process for
permitting and procurement routes. These should be considered as part of the scoping of the overall
support package the government will need to offer developers.

The economic and political situation in Sri Lanka remains challenging in the short term and requires
consistent and sustained efforts from leaders. However, certain actions could improve specific parts
of the economy and benefit the country. Establishing an offshore wind market could be such an action.

7 By 2040, diesel, oil, and naphtha will have been phased out of the power sector and replaced with Liquid Natural Gas (LNG).
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2.5 OFFSHORE HYDROCARBON EXPLORATION

The Petroleum Development Authority of Sri Lanka (PDASL) under the Ministry of Power and Energy,
is responsible for regulating the exploration and production of oil and gas. Historically, offshore
exploration has occurred in the Cauvery Basin around Mannar Island, and in the Mannar Basin, further
offshore of Puttalam/Kalpitiya peninsular. Small discoveries were made in the Mannar Basin but no
commercial extraction has occurred. PDASL is preparing a new regulatory framework [12] to renew
exploration efforts as it believes Sri Lanka has substantial offshore hydrocarbon reserves.

There may be some overlapping areas between offshore hydrocarbon exploration (and future extraction)
and areas feasible for offshore wind development, particularly in the Gulf of Mannar. This could cause
some challenges in managing the shared use of marine space, but could also offer opportunities for
collaboration and potentially co-location of offshore energy activities. It will be important to understand
related experiences from other countries, for example the Scottish Innovation and Targeted Oil and Gas
(INTOG) offshore wind leasing round, and apply them to the Sri Lankan context.

SLSEA and PDASL should closely coordinate to help ensure efficient use of Sri Lanka’s offshore
energy resources, and to avoid duplication of efforts. Given PDASL’s experience with the offshore
environment and stakeholders, it would be beneficial for the agency to actively support offshore wind
development activities.

2.6 OFFSHORE WIND IN INDIA

Offshore wind is a global industry, and it is important for new markets to consider their position and
opportunities within the wider global and regional markets. India has offshore wind resources in the
states of Gujarat and Tamil Nadu. Its Ministry of New and Renewable Energy (MNRE) established a
target of 30GW by 2030 [13] and has published strategic papers describing how that will be achieved
[14]. It is expected that, in 2023, MNRE will run India’s first competitive allocation of seabed for +4GW
of offshore wind capacity in Tamil Nadu’s waters. A preliminary spatial plan for Tamil Nadu, carried
out by the Centre of Excellence for Offshore Wind and Renewable Energy, [15] identified at least
3,600km? across 14 priority offshore wind potential areas; this is equivalent to between 10-25GW of
potential, depending on the actual site characteristics.

India’s offshore wind development will occur near Sri Lanka. The high priority sites in Tamil Nadu are
off the southern tip of India, and around 200-300km from Colombo. One of the broader areas of
potential (close to Adam’s Bridge) has a boundary with Sri Lanka’s EEZ. The proximity of these sites
means that Sri Lankan ports and supply chain could service Indian projects. The opposite is also true;
capable Indian ports such as Tuticorin [16] and the local supply chain that is likely to develop around it,
will have an opportunity to supply to future Sri Lankan projects.

Cooperation between Sri Lanka and India on the development of offshore wind in this region could be
mutually beneficial. A larger overall offshore wind capacity provides the industry and investors with
a larger project pipeline and commercial opportunities. This could help to reduce the overall cost of
energy for projects in Tamil Nadu and Sri Lankan waters.

2 Background
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While India has ambitious targets for offshore wind, the sige of its overall practical resource potential
is small in comparison to its future power demands and offshore wind will only make a relatively
modest contribution. India will need to source power from many different resources as well as other
countries. This provides Sri Lanka with an opportunity to supply India with excess electricity, if it is
able to develop sufficient large-scale renewable energy generation and an interconnector with India
(see section 11.3.3).

2.7 DRIVERS FOR ESTABLISHING OFFSHORE WIND

As the global offshore wind industry has matured over the last 20 years, experience from European
early adopters shows that each country has charted its own path and that there are multiple

ways to establish a successful offshore wind industry (see Figure 3.4 in [17]). The paths that these
countries have taken are influenced by the existing regulatory frameworks, political preferences, and
characteristics of the available wind resource. What they have in common is that these countries have
been able to find their own ways to fulfill the key requirements for first establishing and then growing
an offshore wind industry.

Though Sri Lanka is building experience developing onshore wind, there are important differences
between onshore and offshore wind. In addition to the challenges of marine planning and construction,
the principal difference lies in the investment sige of offshore wind farms. In Europe, the average

wind farm sige has been continually increasing, as larger siges create economies of scale and reduce
the LCOE. In 2020, the average European wind farm sizge was 788MW and project developers in new
markets are typically looking for wind farm siges of at least SOO0MW [18]. In this sige range, capital
expenditures for a wind farm are typically US$1-2 billion, with total development expenses usually
between US$50-100 million.

Due to the large investments required and the long project development time, experience has shown
that countries hoping to establish an offshore wind sector must pave the way in a few key areas. The
World Bank Group’s 2021 report “Key Factors for Successful Development of Offshore Wind in Emerging
Markets” discusses in depth what is required to build up an offshore wind industry in emerging markets,
from policy to frameworks and delivery [17].

This roadmap focuses on the application of selected factors in the Sri Lankan context:

Favorable natural site conditions - does Sri Lanka have large areas with wind speeds
above 7m/s? How much of these areas are socially and environmentally restricted? Based on
the seabed characteristics, what is the potential for fixed vs. floating wind?

Grid and port infrastructure - how much of Sri Lanka’s port and grid infrastructure can be
used for offshore wind? What kind of upgrades are expected to be necessary?

Supply chain - how much capacity and experience do Sri Lankan companies have in
offshore wind or related sectors? What are the incentives for wind farm developers to source
within Sri Lanka?
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Health and safety - what must Sri Lanka do to ensure that the jobs provided by offshore
wind are safe?

Permitting and regulatory framework - how can the risk of project development be fairly
allocated? Are permitting frameworks transparent and as simple as possible?

Financing and power purchase - what are realistic costs for the short term? Is power offtake
secure and bankable? How can Sri Lanka attract project developers in what is increasingly
becoming a seller's market?

These factors are reflected in the structure of the key findings (Chapter 3) and the detailed analysis.
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} 3 KEY FINDINGS

3.1 SUITABILITY ASSESSMENT OF OFFSHORE WIND AREAS

In a global context, Sri Lanka’s offshore wind speeds are moderate with a relatively even
distribution. There are small pockets of wind resources exceeding 9m/s (which can be categoriged
as 'high wind’ sites) north of Puttalam and east of Matara and larger swaths in the range of 8-9m/s
(which can be categorized as medium wind’ sites), as shown in Figure 3.1.

FIGURE 3.1: AREAS WITH MEAN WIND SPEED HIGHER THAN 7.0M/S AT 150M BASED ON

GLOBAL WIND ATLAS [19].



The bathymetry offshore Sri Lanka shows that relatively shallow waters (i.e., <50m) suitable for fixed
foundations are found to the north between Sri Lanka and India, whereas areas of shallow waters are
more limited in the south, implying a need for floating foundations.

The assessment of seabed and seismic conditions shows that, in general, there appear to be no
major seabed obstacles or challenges for construction and operation of offshore wind farms.
Earthquakes are not considered a major concern. However, development of sites close to shore must
take into consideration tsunami incidents and especially the potential scour related to low amplitude
tsunami waves.

Offshore wind must be developed sustainably and avoid causing large negative impacts on
environmental and social (E&S) receptors. If projects are to benefit from lower-cost international
financing and financing from concessional sources (such as climate funds), development needs to
meet international lenders’ requirements. These financiers typically require projects to meet ESS
standards that align with Good International Industry Practice (GIIP). To conduct an initial, high-

level assessment of Sri Lanka's technical and E&S constraints, this roadmap identifies the major
sensitivities, using existing data, and maps them into two gones, depending on the level of constraint:

Exclusion gones comprised of areas of the highest technical and E&S sensitivities and are
considered as ‘no-go” areas to exclude from offshore wind site selection.

Restriction gones are high risk areas requiring further assessment of technical and E&S risks
through marine spatial planning (MSP), site selection, and/or environmental and social impact
assessment (ESIA). While development may be possible in these gones, it is likely that substantial
measures will be required to manage and mitigate adverse impacts.

Table 3.1 summariges which constraints fall into each category. Further information on this analysis is
provided in section 3.3 and the accompanying study on priority biodiversity values, in Appendix A.

TABLE 3.1: TECHNICAL, ENVIRONMENTAL, AND SOCIAL SENSITIVITIES WITHIN EXCLUSION

AND RESTRICTION ZONES.

Exclusion Zones Restriction Zones

Ecologically or Biologically Significant

Marine national parks

Marine Areas (EBSA)
Nature reserves Important Marine Mammal Areas (IMMA)
Sanctuaries Habitat for Dugong
Key Biodiversity Areas (KBA) (incl. Important
Bird Areas (IBA), Ramsar sites, and Highest density shipping areas™
UNESCO-MAB Biosphere Reserve)
Sea turtle nesting beaches Subsea cables®

Seagrass beds, mangroves, and coral reefs

Military exercise areas”®

Airport radar”

Oil & gas operations®

*Defined as a technical constraint/sensitivity, not E&S.

3 Key Findings
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The spatial distribution of the combined exclusion and constraints are mapped in Figure 3.2. This shows
that the majority of Sri Lanka’s coastal waters contain some degree of significant environmental

or social sensitivity. Exclusion gones are primarily found very close to shore in the southern and
southwestern part of the country as well as in the northwest above Puttalam and in the Gulf of Mannar.
Large restriction gones are located in Palk Strait and also cover the coast from Colombo to Trincomalee.

Some stretches of Sri Lanka’s coast have fewer constraints and include the areas between Jaffna and
Trincomalee as well as between Puttalam and Colombo. Although these areas have fewer exclusion and
restriction gones, they may contain sensitivities that have not been identified in this initial assessment.

Particular E&S issues are likely to include marine mammals (especially blue whales and dugong), turtles,
migratory birds (especially along the west coast), artisanal fisheries, and commercial shipping routes.

FIGURE 3.2: EXCLUSION AND RESTRICTION ZONES FOR TECHNICAL, ENVIRONMENTAL, AND

SOCIAL SENSITIVITIES.

Source data: see section 3.3 and Appendix A
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The potential offshore wind areas for Sri Lanka have been derived by combining the data sets on
wind speed, technical constraints, E&S constraints, and bathymetry. Fixed foundation offshore wind
farms are usually located within areas which meet the basic technical requirement — average wind
speeds greater than 7m/s and water depth of 50m or less — avoid exclusion gones and, ideally, also
avoid restriction gones.

Figure 3.3 shows large areas in the north of Sri Lanka from Jaffna to Trincomalee and areas to the
south of Puttalam which meet these conditions. These areas also have deeper waters, further from
shore, with few exclusion and restriction gones, and so appear to be suitable for floating wind projects.

Additional areas which are in restriction gones can be found from Jaffna southwest to Puttalam and
in the south from Matara to Pottuvil.

FIGURE 3.3: COMBINED DATASETS ON TECHNICAL CONDITIONS AND CONSTRAINTS, USED

TO IDENTIFY AREAS SUITABLE FOR OFFSHORE WIND.

3 Key Findings 18



Figure 3.4 shows the most suitable potential areas for fixed and floating offshore wind. These comprise
three major potential areas, as labelled in the map.

Area 1 (North):

The region to the northeast has fewer E&S constraints, with large areas of shallow water,
however the wind resource within this region is less energetic than other regions and there is
limited 132KV transmission grid. This area is likely to be a lower priority for development.

The region to the northwest (north of Adam’s Bridge) has a higher wind resource but

some challenging E&S constraints (threatened marine habitats (coral reefs, seagrass, and
mangroves), marine mammals, birds, and fisheries). It is far from Sri Lankan ports suitable
for offshore wind (as vessels cannot pass Adam'’s Bridge) but there could be transmission grid
connectivity at 220KV on Mannar Island.

The smaller region to the south of Adam’s Bridge and Mannar Island has some of Sri Lanka’s
best offshore wind resource, however the area between Mannar Island and Puttalam is a
protected marine reserve (with seagrass habitat and dugong) so is not suitable for development.
An area further offshore to the west does not have any E&S exclusions but appears to have
many sensitivities (especially mammals and birds), so is considered a restriction. Further
information is required to better understand this area and its E&S sensitivities. The 220KV
transmission grid has been built out to Mannar Island to connect onshore wind generation in the
area, and this could potentially be strengthened to connect offshore wind capacity.

Area 2 (West): A coastal area stretching from Puttalam towards Colombo has reasonable wind
resource and does not appear to have significant E&S sensitivities. Most of this area is within
25km of the shore, so the visual impact of development will be an important issue. Migratory
birds pass through this area as they traverse Sri Lanka’s coast, and more information is

needed to assess the potential impact of offshore wind on these birds. The steep bathymetry
means the water depth increases quickly from shore, limiting this area suitable for offshore
wind development. The area is close to the main demand center of Colombo and the 220KV
transmission grid is close to the coast. Although it has a reduced wind resource in comparison to
other areas, this area appears to have fewer development risks.

Area 3 (Southeast): The region east of Matara along Sri Lanka’s southeast coast has the
country’s highest offshore wind resource. This coastline, however, is a protected marine reserve
within an Ecologically or Biologically Significant Area (EBSAs) and Important Marine Mammal
Area (IMMA). There is also a UNESCO-MAB Biosphere Reserve around Hambantota. This area
is important for blue whales (which have also become a tourist attraction), and a wide range of
biodiversity including marine turtles. Offshore wind development in this area is likely to pose

a high risk to these sensitivities. The steep bathymetry means there is limited area for fixed
offshore wind, and the area is further constrained by the extremely busy shipping lanes to the
south. There is limited (132kV) onshore transmission grid in this area, and no transmission grid
east of Hambantota. The challenges associated with this area mean that it should be a lower
priority for development and further information should be gathered to better understand the E&S
sensitivities to inform possible future offshore wind development.
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FIGURE 3.4: POTENTIAL AREAS FOR FLOATING AND FIXED FOUNDATION OFFSHORE WIND.

The characteristics of the three major wind potential areas are given in Table 3.2.

TABLE 3.2: CHARACTERISTICS OF MAJOR OFFSHORE WIND AREAS.

Fixed Potential Floating Potential
km? GW km? GW
Area 1: North 4,564 18 3,697 15
Area 2: West 1,027 4 624 2
Area 3: Southeast 1,336 5 2,947 12
TOTAL 6,927 27 7,268 29

Total locational resource potential® of the identified areas is estimated at 27GW for bottom fixed
and 29GW for floating, considering a WTG density® of 4AMW/km?2. This resource potential is much
lower than the technical resource potential estimate [20] of 55GW for fixed and 37GW for floating,
because initial technical, environmental, and social constraints have been considered [20].

8  The locational potential considers environmental and social constraints and is therefore smaller than the technical potential.

9 This assumes that, on average, 4MW of capacity could be installed per square kilometer. Once projects are built out this density within the project boundary could be
higher (often 5-8MW/km?). A lower, conservative capacity density assumption at this stage makes allowance for the large uncertainties in site conditions (especially
seabed characteristics and E§S constraints).
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In reality, the development of the entire 56 GW of resource potential will not be practical, and the
amount of offshore wind actually constructed will be far lower. This estimate is relatively high-
level and uses existing spatial data. There are many gaps in the available spatial data and so the
feasibility of the identified areas has many uncertainties. Future studies and research can help to fill
these gaps, providing a better understanding of Sri Lanka’s waters and the feasibility of offshore wind
development. Furthermore, as offshore wind capacity increases, the cumulative impact of multiple
projects will increase and will limit further development. Nevertheless, even if a small fraction of the
resource potential identified in this roadmap could be developed, it would provide a large contribution
to Sri Lanka’s energy mix and presents an attractive new opportunity for the country.

3.2 GROWTH SCENARIOS

To illustrate possible development paths for offshore wind in Sri Lanka, two deployment scenarios
have been developed — a low and a high growth scenario. The scenarios are based on feedback

from stakeholders, status of the offshore wind industry, statements on the political aspirations of

Sri Lanka, and an assessment of the overall potential for offshore wind in Sri Lanka. They were not
established or tested through power generation planning or modelling; the roadmap recommends this
as one of the priority next steps. Table 3.3 provides a summary of the fixed and floating offshore wind
volumes under both scenarios to 2050.

In both scenarios, the period up to 2030 could see the development and delivery of Sri Lanka'’s first
offshore wind project(s). During this time, new skills and expertise would develop in Sri Lanka, forming
limited elements of local supply chain capability. The overall sige of the domestic supply chain under
both scenarios is expected to be relatively small and focus largely on O&M activities.

The main difference between the two scenarios is the capacity volumes, with high growth having
approximately twice the volume of low growth. To enable this, the high growth scenarios would require
more ambitious policy commitments and larger power demand, either through an interconnector with
India or through the development of green hydrogen and other power-to-X alternatives. The affordable
delivery of the high growth scenario would also require the development of regional partnerships to fast-
track domestic and regional supply chain capabilities (e.g., with China, Vietnam, India).

TABLE 3.3: OVERVIEW OF INSTALLED CAPACITY OF OFFSHORE WIND BY 2050 UNDER THE
LOW AND HIGH GROWTH SCENARIOS.

Offshore Wind By 2030 By 2040 By 2050
Low growth (cumulative) 0.5GW 1GW 26W
Fixed 0.5GW 1GW 1.56W
Floating oGW oGW 0.5GW
High growth (cumulative) 1GW 2.56W 4GW
Fixed 1GW 2GW 3GW
Floating oGW 0.5GW 1GW
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3.2.1 Low Growth Scenario

Under the low growth scenario, by 2030, Sri Lanka’s first 500MW of offshore wind capacity is
established through close collaboration between public and private stakeholders and with financial
derisking from international donors and financial institutions. Up to 2GW of offshore wind capacity is
installed by 2050. This would be the equivalent of five percent of total system capacity'’® in 2030, and
about six percent in 2040, which is considered a reasonable penetration of offshore wind for the Sri
Lankan grid.

This scenario assumes that one floating offshore wind project of around 500MW is commissioned
between 2040-2050, even though the full fixed bottom potential is not fully utilized. While not
currently commercial, floating offshore wind is a rapidly maturing technology and up to a third of all
offshore wind installations globally could be floating by 2050. As it can allow deployment further from
shore, floating offshore wind can be attractive for countries with coastal tourism as it could reduce
visual impact.

To reach such capacity targets, the regulatory framework for offshore wind in Sri Lanka must be
developed to ensure transparent and competitive procurement routes to increase interest from the
developers. An offshore wind vision or target for 2030 and 2050 should be communicated by the
Government, along with clarity on the permitting process and permits required. Furthermore, the
government ensures an integrated planning approach including land, coastal, and maritime spatial
planning and improves transparency in procurement routes aligned with international practice for the
offshore wind. Finally, the government develops initiatives to mobilige the domestic supply chain for
offshore wind, including investing in upgrades to a local port.

The overall emissions factor for Sri Lanka’s grid in 2022 was approximately 500 grams of carbon
dioxide (COy) per kilowatt hour (kWh) (abbreviated to CO»/kWh) [4] and this is expected to reduce to
around 400gCO,/kWh by 2030. Offshore wind is assumed to have a lifetime equivalent emissions
factor of 12gC0O,/kWh [21]. 500MW of offshore wind capacity, generating 2,1990GWh per year (see
section 14.3) could therefore reduce Sri Lanka’s carbon emissions by between 0.85 and 1.0 million
metric tons of CO5 per year.

Over the lifecycle of the 500MW of capacity operating by 2030, approximately US$570 million in
GVA could be added to the Sri Lankan economy, and up to 25,000 FTE in direct and indirect local
employment could be supported. See section 9.3 for further information.

3.2.2 High Growth Scenario

Under the high growth scenario, by 2030, Sri Lanka’s first 1,000MW of offshore wind capacity

is established in a similar manner to the low growth scenario. Up to 4GW of offshore wind capacity
is installed by 2050. Capacity installed under this scenario would be the equivalent of ten percent
of total system capacity® in 2030, and about 15 percent in 2040. The construction of an
interconnector with India could see capacity added exceeding CEB’s base case scenario as power
could be exported rather than being used to meet local demand. An interconnector would likely

be required before 2050 to enable the connection of this volume of offshore wind, alongside other
variable renewable energy generation.

Similarly, as with the low growth scenario, the Sri Lankan regulatory framework should be updated
to ensure transparent and competitive procurement for offshore wind to increase project developer

10 Assuming the base case scenario for Sri Lankan generation capacity in CEB's (LTGEP) 2022-2041 [4] which estimates a total system of about 9,.819MW by 2030 and
15,951MW by 2040.
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interest. A higher offshore wind target for 2030 and 2050 should be communicated by the Government,
along with clarity on the permitting process and permits required.

To connect this larger volume of capacity, long-term strategic grid planning and necessary
reinforcement is required. An interconnector with India would facilitate the integration of this capacity
and potentially aid balancing. If this capacity leads to substantial excess generation, when
combined with existing planned generation, the business case for the production of green hydrogen
and other green fuels (i.e., PtX) can be explored. Regional partnerships to fast-track domestic
supply chain (e.g., with China, Vietnam, India) are developed.

In the high growth scenario, LCOE for projects in 2030 is expected to be the same as for the

low growth scenario, as both would start with similar developments. The LCOE of projects under the
high growth scenario is estimated to fall quicker than the low growth, though the small scale of

the industry and projects will limit the economies of scale. It is likely that even if there is a significant
pipeline of offshore projects in Sri Lanka, manufacturing supply chain investments are likely to remain
elusive, as these will gravitate to the larger multi-GW markets in the region.

Using the same emissions assumptions as section 3.2.1, 1.0GW of offshore wind capacity, generating
4,380GWh per year could reduce Sri Lanka’s carbon emissions by between 1.7 and 2.0 million metric
tons of CO» per year.

Over the lifecycle of the 1.0GW of capacity operating by 2030 approximately US$1,300 million
in GVA could be added to the Sri Lankan economy, and up to 57,600 FTE in direct and indirect local
employment could be supported. See section 9.3 for further information.

3.3 REGULATORY FRAMEWORK

The analysis of the regulatory framework gives the following main findings also addressed in the main
part of this roadmap (see section 8):

1. No dedicated offshore wind regulatory and institutional framework has yet been adopted. It is
likely that such legislation will be introduced in the near future following the recommendations
of this roadmap and based on the recommendations of other recent international studies. As
addressed by the detailed WB and ADB studies [2] [22] [23] [24], the current regulatory framework
is in need of an overall reform in order to provide clarity for and support to the development of
offshore wind projects.

2. The Sri Lankan regulatory framework may be able to accommodate offshore wind projects to
some extent. However, as the existing legal and regulatory system primarily is geared towards
smaller scale, onshore renewable projects (compared to the larger-scale offshore wind projects
which carry far greater risks), the current legal and regulatory system is unlikely to provide the
needed clarity and certainty especially with regard to planning and permitting. This certainty is
essential to reduce development risk, thereby enabling developers to invest and also to reduce the
cost of financing (and hence the required tariff).

3. The current procurement regime applies a mix of a different procurement routes based on
competitive bidding and restricted tenders following international principles and practices. The
calls for proposals issued by the SEA and/or the CEB vary in terms of risk allocation and private
financing. The call itself sets the specific tender specifications, it provides the details for the PPA
and involved tariff structure as preapproved by the PUC. The public undertakes feasibility studies
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and may also in some projects include the environmental and social impact assessment (ESIA) to
derisk the project. For current large-scale projects based on private financing, a significant risk is
allocated to the private developer in undertaking studies, investigations, and the ESIA.

4. From an international perspective, large-scale offshore wind tenders are typically based on
procurement routes and auctions involving one- or two-stage™ competitive tender processes,
and a significant involvement of the bidders engaging in constructive, open dialogue with the
government to improve the procurement process. The fulfilment of such procurement routes in Sri
Lanka is likely to require further capacity to navigate such resource demanding processes.

5. The permitting regime is complex in terms of consenting authorities involved and coordination.
The developer is typically responsible for obtaining all consents, permits, and licenses. The SEA
provides some assistance in coordination but takes no responsibility. This places substantial risk
on the developer and uncertainty on the consents required and the timeline to obtain them.

6. Inaddition, the offshore wind permitting regime and the underlying studies and investigations
relate to the need for robust baseline surveys and the ESIA to be completed to GIIP, and it relates
to the alignment of regulatory framework and permitting to lender requirements to avoid delay in
financing. These aspects need to be taken into account by the SEA, the CEB, the PUC, and also the
SEA when setting the conditions and tariff structures for the particular offshore wind tender.

3.4 FINANCIAL AND ECONOMIC ANALYSIS

The cost of energy from offshore wind in Sri Lanka could be competitive with new thermal
generation but requires access to lower-cost international financing, as well as sufficient risk
nitigation measures. The cost of power generation in Sri Lanka is high, and the cost of new LNG fired
generation is expected to be between US$90 and 120 per MWh (equivalent to 9 to 12 US Cent/kWh,
see section 2.2).

Assuming access to low-cost concessional finance and sufficient risk mitigation can reduce

the cost of capital (WACC) to around six percent, the LCOE for Sri Lanka’s first project could be
between US$75 and 90 per MWh, depending on the wind resource. Even if this low cost of capital
cannot be achieved, a more reasonable WACC of ten percent would result in an LCOE of around
USS$110 to 120 per MWh, which would still be competitive with new LNG fired generation.

Risk mitigation and regional cooperation will help to reduce LCOE. Offtake guarantee instruments
and foreign exchange hedging facilities, for example, will help to reduce a project’s commercial risks,
thereby reducing the cost of financing and LCOE. As the Indian offshore wind industry develops, a
local/regional supply chain may establish and could provide equipment and services at a lower cost
than importing from international markets. The combined scale of Indian and Sri Lankan projects will
also make a more attractive opportunity for supply chain investment.

Under the two growth scenarios, the LCOE of Sri Lankan offshore wind projects could drop to
US$60-70 per MWh in 2040 and US$50-60 per MWh in 2050. The LCOE of the first offshore wind
capacity in any new market will be higher than subsequent capacity as risks reduce with experience.
These cost reduction trajectories are equivalent to 20 to 30 percent reduction in LCOE by 2050
relative to 2030, and are shown in Figure 3.5. These trajectories are heavily dependent on the cost of
capital and the available wind resource. The cost reduction potential is relatively modest; project siges

11 One stage in Denmark and the Netherlands. Two stage in the UK; one for obtaining the lease arrangement and a second for obtaining revenue support, see also World
Bank Group's 2021 report “Key Factors for Successful Development of Offshore Wind in Emerging Markets”, at p. 35ss. [17].
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are likely to be small (<1GW) so economies of scale will be limited, and the overall market sige is also
relatively small and insufficient to stimulate substantial local supply chain growth. See section 2.3 of
the Key Factors report [17] for further information on LCOE and cost reduction.

FIGURE 3.5: LCOE TRAJECTORIES IN THE LOW GROWTH AND HIGH GROWTH SCENARIOS,

INCLUDING A RANGE OF REPRESENTATIVE LCOE DUE TO UNCERTAINTIES.
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The majority of financing for offshore wind projects will be provided by international investors.
The capital expenditure (CAPEX) of a 500MW offshore wind project is typically US$1,250 million.
Under a typical limited-recourse project financing structure, around US$1,000 million of the CAPEX
would be bank debt. The cost of capital from local banks in Sri Lankan Rupees could be as high

as 15 percent and there is limited liquidity available locally. International lenders will be able to
provide sufficient volumes of debt, with more favorable terms, however this will be contingent on
the mitigation of a range of risks affecting the bankability of projects, some of which include:

Environmental and social risks - the majority of potential sites in Sri Lanka have notable E§S
sensitivities. An ESIA which meets international lenders’ requirements will help to identify and
mitigate this risk.

Grid connection agreement - connection of generation at this scale will be technically challenging
for Sri Lanka’s grid. Sufficient provisions will be required to address the risk of connection
availability and establish appropriate compensatory mechanisms.

Power purchase agreement (PPA) - a long-term PPA will be required to provide revenue certainty.
The PPA's terms, especially compensation for curtailment, will be critical to the bankability

of the project. The PPA’s terms will need to recognige the differences between offshore wind and
other generators.
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Offtaker creditworthiness - lenders will need confidence in the offtaker’s ability to cover its
payment liabilities over the lifetime of the PPA. Government backstopping to guarantee the PPA
is likely to be required.

Political risk - lenders will investigate the likelihood and implications of policy, regulatory, and
contractual amendments that could be made by future governments and whether that could
impact the project’s expected revenues. Insurance may be required to cover this risk.

Exchange rate - the future exchange rate of the Sri Lankan Rupee is unknown, and its volatility will
impact revenues to service foreign debt unless sufficiently mitigated through some form of hedging
or other instrument. Given the recent currency devaluation, this will be a major consideration.

See section 3.6 and 4.5 of the Key Factors report [17] for further discussion on the bankability of
offtake agreements and the financing of offshore wind in emerging markets.

The development, construction, and operation of offshore wind projects could provide substantial
benefits for the Sri Lankan economy. The gross value added (GVA) from offshore wind investments
of different siges is illustrated in Table 3.4. The chart shows the impact on GVA from offshore wind
projects over their lifetime sorted by the expected time of commissioning. Between 2020 and

2030 it is expected that 0.5 to 1GW offshore wind capacity will be commissioned. During construction
and over 25 years of operation these projects will generate between 570 and US$1,330 million in

GVA in Sri Lanka.

TABLE 3.4: ESTIMATES OF CUMULATIVE, LIFETIME GVA FROM DIFFERENT OFFSHORE WIND

CAPACITIES UNDER THE TWO GROWTH SCENARIOS IN 2030.

Dire : : Indirect Investment Total Impact on GVA
0 (USS million) (USS miillion)

Low Growth scenario
(500MW) 380 190 570
High Growth scenario
(1GW) 880 450 1,330

The total direct and indirect local employment associated with the development, construction,
and operation of 500MW of offshore wind is estimated as around 25,000 FTE.

In terms of local value creation, there is a big difference between CAPEX and OPEX. While the
construction of the OWF will take place within a short timeframe, O&M continues over at least 25
years. Thus, fewer full-time employees will be needed to deliver the FTEs from O&M compared to
construction.

TABLE 3.5: LOCAL EMPLOYMENT EFFECT FROM OFFSHORE WIND INVESTMENT.
i

Low Growth scenario (500MW) 15600 | 9100 . 24700
High Growth scenario (1GW) 36200 | 21400 57600
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3.5 HEALTH AND SAFETY

Before offshore wind can be developed and constructed in Sri Lanka, clear health and safety policies
and rules governing offshore wind will need to be put in place. This should include requirements for
contractors delivering services during surveys, construction, and O&M building on, for example,
European experience and Global Wind Organisation (GWO) standards — discussed further in section
3.8 of the Key Factors report [17]. This statement should be drafted by local health and safety
experts, but would benefit from guidance and support from international offshore wind health and
safety experts. It is important to incorporate clear health and safety requirements for contractors
delivering services during surveys, construction, and O&M. It is imperative that the right level of health
and safety expertise is attracted to the project at an early stage.

Currently, Sri Lankan health and safety legislation appears to be limited to acts and regulations
prepared by the Ministry of Health, and the Occupational Health unit regulating on child labour,
worker compensation, maternity benefit ordinance, and the like. Additionally, the National Institute of
Occupational Safety Act, No. 38 of 2009 established the “National Institute of Occupational Safety
and Health” (NIOSH) — a statutory board which operates under the ministry of labour and trade union
to advise the Sri Lankan government on its national occupational health and safety (OHS) policy.
Furthermore, NIOSH supports the government within a range of services including prevention of
accidents and incidents, use of equipment, OHS hagards, OHS training and legislative requirements,
as well as publishing information relating to OHS. Based on the limited regulation within OHS, it will
be relevant to base the OHS requirements in contracts within the wind industry on recogniged
international standards.

Through the planning of future exploration and extraction of offshore hydrocarbons, PDASL and other
Government entities are developing new health and safety regulations. It is expected that these will

be largely based on the principles employed in the UK and Norway, and that some of these regulations
will be applicable to offshore wind activities. This initiative could benefit the development of

offshore wind as it would help to educate regulators (and local workers) on the risks associated with
the offshore environment, as well as emphasiging the importance of safety while working offshore.

3.6 GRID INFRASTRUCTURE

Sri Lanka has been improving the coverage of electrification over the past decades. However, at

the moment, the northern and northwestern region have areas without access to electricity. Low
population or industrial density can be the reason of the low transmission network maturity. In the
generation and transmission development plan (short- and long-term), there is some focus on building
more onshore wind power plants and the transmission system to evacuate the wind power.

The existing plan has not taken into consideration the development of offshore wind, nor upgrades to
the transmission network to cope with these power plants. A typical offshore wind farm is typically
rated between 500MW to 1GW and is significant when compared with the national installed capacity
of 4.2GW. Any changes in the active or reactive power exchange due to a fault with a generator of this
magnitude would create significant frequency and voltage variations on the electricity system. With
the existing system, and the fact that it is an island grid, there is no chance to properly control, damp
the oscillation, and put the system back into normal.
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When planning the development of offshore wind in Sri Lanka, from a grid connection perspective,
the most important goal is to properly align the wind farm'’s production with the consumer demand.
Considering the electricity cannot be consumed locally, the transmission network must be

built and reinforced as needed, to transport the electricity to the demand centres. These centres
can be industrial regions, residential areas, pump-reserve facilities and the potential grid connection
with India.

The electrical grid connection studies and simulations must be performed throughout the whole
development and permitting process. They will tell with the current and future infrastructure
whether the planned wind farm can be connected, whether there is any restriction in operation,
and what needs to be done to remove the barriers. The tailored offshore wind farm grid connection
requirement must be discussed, drafted, and put in force. As an island country with an isolated

and vulnerable network, special attention must be paid on electromagnetic transient analysis. Some
markets with successful offshore wind experiences, such as the UK and Taiwan, can be a useful
reference for the planning and operation of grid with large scale offshore wind generation.

3.7 PORT INFRASTRUCTURE

Of Sri Lanka’s four major ports, two — Colombo and Hambantota — are suitable to support the
installation of bottom-fixed offshore wind with only minor upgrades. Major upgrades, primarily
dredging and creation of storage yards, would be required to use the ports of Trincomalee and
Kankasenuthurai. The port of Hambantota, in particular shows great potential for offshore wind
installation, as it has ample lands behind the port remaining for development and a development
concept which includes hinterland industrial zones.

In terms of installation ports for floating foundations, the port requirements differ greatly among
different floating foundation concepts even though there are only a few leading floater technologies.
Due to these differences and lack of installation track record, a global, representative port
requirements benchmarks for floating wind installation cannot yet be derived.

Area 2 (West) and Area 3 (Southeast) can be well served by Colombo and Hambantota ports.
Area 1 (North) is less well served for two reasons; firstly, the chain of limestone shoals between

Sri Lanka and India (called Adam’s Bridge) forms a natural barrier to ship traffic in the northwest
corner of Sri Lanka; secondly, the ports in the west and northwest of the country — Trincomalee
and Kankasenuthurai — will need major upgrades to serve as offshore wind installation ports. To

be economically feasible, such upgrades would require a large volume of offshore wind, such as the
volume expected for 2040-2050. With the smaller volumes expected in the short term, solutions
with feeder barges (rather than a classical full-service installation port) can be explored on a project-
specific basis. It may also be possible to use Indian ports, such as Tuticorin, for wind farms south of
Adam’s Bridge.

The suitability of each potential port for offshore wind is summariged in Table 3.6.
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TABLE 3.6: SUMMARY OF SUITABILITY OF POTENTIAL PORTS FOR BOTTOM-FIXED

INSTALLATION.

- Ownership: government
+ SriLanka’s port, primarily serves container shipping
- Ideally suited to serve Area 2, parts of Area 1 and 3 are within

Suitable, with minor range
Colombo ; ) ) )
upgrades - Port is running at capacity with plans to expand
- Sufficient yard area exists and is ideally located, but is
currently in use for other purposes and would need to be
made available
- Ownership: government
- Used as port for commercial leisure activities with further
Galle Not suitable developmen?s.m this direction planned
+ Less than minimum berth length and lack of any yard area
or the possibility to develop an adjacent yard make this port
unsuitable for offshore wind installation
- Ownership: public/private joint venture
Suitable, with minor Can serve Area 2 and Area 3
Hambantota

upgrades

- Conceptualiged as a large complex with port services and

industrial areas behind the port; core is operational with
excellent options for expansion

Trincomalee

Suitable with major
upgrades

- Ownership: public
- Various terminals are located scattered within a large

natural harbour

- Can serve most of Area 1 and a good portion of Area 2
+ Ashroff Jetty would likely require a large expansion to enable

component transport and creation of yard area

Kankanesunthurai

Suitable with major
upgrades

+ Ownership: public
+ Port is not suitable in its current state, but developments are

underway and would close some of the suitability gap

+ Major upgrade to create adequate yard area and dredging

works would additionally be required

With installation volumes of up to 1GW in the high growth scenario, one installation port could cover

the entire volume, given the right location and staggered installation. If the entire installed volume is

built within Area 1, it is also conceivable that all the installations could be done with a feeder barge

system, if the economics and logistics of the projects allow, greatly reducing the need for upgrades to

port infrastructure.

Due to the anticipated moderate volume of offshore wind expected, it is also important that any

upgrades made to the ports for offshore wind are also designed with a multi-functional use, taking

potentially relevant E&S issues into consideration. The upgrades should not serve only offshore wind

alone, but also give an added value to the port between offshore wind installation cycles.

Any port development should be considered with the development of Indian offshore wind projects

in mind. Projects being planned in Tamil Nadu represent a large opportunity for Sri Lankan ports (and

industry). An upgraded port suitable for offshore wind marshalling and installation may also serve

some of the Indian development. It is likely that ports in Tamil Nadu, such as Tuticorin, will also be

upgraded, however the scale of the development in the region (especially if Sri Lankan projects are

included) could require multiple construction and marshalling ports.
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3.8 SUPPLY CHAIN

Currently, Sri Lanka has no track record in offshore wind, but has some capabilities in related
sectors, such as onshore wind and onshore electrical infrastructure as well as offshore oil and gas
projects. Offshore wind projects can benefit from Sri Lanka’s local expertise in permitting and project
development, along with operation and maintenance activities of these infrastructure projects.

There are relatively few benefits for projects to source locally for many of the equipment/materials
necessary to build and operate an offshore wind farm because they either carry relatively large
investments with significant risk, or there is a well-established international (European, Indian)
capacity to meet the demand which would be difficult for Sri Lankan companies to naturally compete
with. The overall sige of the Sri Lankan electricity market seriously limits options to develop the local
supply chain, and local investments would need to be based not only on the needs of the Sri Lankan
market, but also on serving the Indian and regional markets.

The rankings, based on metrics keeping alignment with similar roadmaps from other countries in the
World Bank Group’s roadmap series, are explained in more detail in section 13.8 (see Table 13.2). The
assessment considers five factors and was made in consultation with local stakeholders.

The current state of the supply chain is reflected in Table 3.7. The scoring reflects that there is overall
anumber of areas where Sri Lanka has capabilities in parallel sectors, such as onshore wind and
heavy construction, however, lacks offshore experience in the same areas. In general, offshore wind
projects would benefit most from Sri Lankan expertise in permitting and project development, along
with operation and maintenance activities for the offshore wind farms. There are relatively few
benefits to projects to source locally for many of the other items because they carry significant
investment risk or there is a very established international capacity to meet the demand which would
be difficult to compete with.
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TABLE 3.7: EVALUATION OF SRI LANKAN SUPPLY CHAIN READINESS.

Category

Local Notable
Companies

WindForce, LTL
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Sri Lanka Capability

in Parallel Sectors
Benefits of Sri Lanka

Investment Risk in

Sri Lanka

Sige of the

Opportunity

Developing and permitting Holdings — Ceylex 1 3 4 2 2
Renewables
Nacelle, hub, and assembly - 1 1 2 2 4
Blades - 1 1 2 2 4
Tower - 1 1 2 2 4
Columbo Dockyard,
Foundation supply oo ?C gc_lr 1 2 2 2 4
Access Engineering
Array and export cable supply - 1 1 2 2 4
Offshore substation supply DIMO 1 2 2 2 3
. Access Engineering,
Onshore infrastructure supply 1 4 3 3 1
DIMO
WTG and foundation installation - 1 1 4 2
ACL Cables,
Array and export cables installation apies 1 2 2 3 4
DIMO
. . WindForce,
Wind farm operation LTL Holdings 1 3 4 4 4
. . WindForce,
WTG maintenance and service LTL Holdings 1 3 4 4 4
Balance of Plant (BoP) and various | Access Engineering, ’ 3 4 4 4
maintenance DIMO
Decommissioning Access Engineering 1 2 4 4 2
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The moderate volume of offshore wind expected in Sri Lanka does not give natural incentives to
localige the supply chain. This is directly reflected in the assessment of supply chain, where project
development (likely to be a joint venture between local companies and international developers) and
operation and maintenance show the greatest benefits in local sourcing. The other areas, which
primarily compose the purchased parts, are classified as low-level local benefit because the capital
and workforce investments needed to establish these parts of the supply chain in Sri Lanka cannot be
recouped by the foreseen volumes. The supply chain benefits are likely to flow to neighbouring India,
which has a significantly larger market sige, and more advanced manufacturing capabilities, and
exports that align closely with, and already support the global wind industry.

Experience in offshore wind markets such as France and Taiwan has shown that government imposed
local content requirements increase tariffs, development risks, and the potential for delays. It is
therefore advisable to avoid local content requirements but instead to offer incentives or initiatives to
stimulate local industrial opportunities. In the coming years, the offshore wind industry is expected to
become a seller’s market as many countries have announced ambitious offshore wind goals within the
2030 timeframe and beyond. In this environment, countries which make the development of offshore
wind farms easy will have a competitive advantage, and vice versa.

Investments in the Sri Lankan offshore wind supply chain must consider local needs, but also

the needs and development pace of the of the larger Indian and regional markets. If Sri Lankan
companies gain experience and capability in offshore wind through national projects, this may enable
them to serve the export market more effectively in the long term. In the short term, however, Sri
Lankan exports are not aligned in type or scale to support a large, regional, offshore wind value chain.

3 Key Findings

32



33

I 4 PATHFINDER PROJECT

The implementation of a pathfinder project is a pertinent way of kicking-off the industry and
showcasing to the wider public how offshore wind can start to build out. The sige of the pathfinder
project needs to strike a balance between several factors: the sige and nature of Sri Lanka and its grid
may call for smaller projects, while wind farms of larger sige would be more attractive to developers
and could help to reduce costs. Even though the Sri Lankan grid is an isolated island grid with no
interconnections yet, a larger project is recommended to create a better business case. To provide a
large-scale contribution to Sri Lanka’s 2030 renewable energy target, a 500MW pathfinder project
has been chosen as reference case and summarised in this section and discussed further in section 14.

4.1 LOCATIONS FOR A PATHFINDER PROJECT

The considered options (further described in section 14.1 of this roadmap) for the location of a pathfinder
project have been selected based on the following considerations:

Water depth allowing for fixed foundations (i.e., <50 meters)
High wind speed

Not in an environmental and social exclusion gone

Good grid connection possibility

Accessible from a port suitable for installation activities
In summary, the three options as depicted in Figure 3.4 are:

Option A: Gulf of Mannar. This area is located around the northern tip of the country and is
characterised by a good wind resource and water depths that are, to a large extent, below

50m allowing for fixed foundation solutions. However, there is a "natural” restriction in the form

of Adam'’s Bridge — a chain of natural limestone shoals creating very shallow waters which
cannot be passed by larger vessels — thereby cutting off a large part of the area when considering
a pathfinder project. There are many E&S restrictions in this area and further information is
required to assess whether development may be possible with sufficient mitigation.

Option B: Puttalam. This area has lower risk in relation to environmental and social constraints,
and it is located close to the principal demand center and port of Colombo. However, the wind
resource in this area is slightly lower than Option A or C, with average wind speeds in the range of
7.5-8.5m/s.



Option C: Hambantota. This area has good average wind speeds of 8-9m/s however, the
suitable area for fixed offshore wind is smaller and more disparate than in the Gulf of Mannar
and therefore, the potential for extensions of a potential pathfinder project is limited and

more complex. This area also has numerous highly sensitive ESS issues and has poor access to
transmission grid, though upgrades are planned.

From a “rough screening” point of view considering water depth, wind resource, and environmental
and social constraints, Option A and Option C are quite similar. Option B has the advantage of fewer
risks in relation to environmental and social constraints but shows slightly lower wind speeds.

TABLE 4.1: OVERVIEW OF KEY CONSIDERATIONS FOR THE THREE OPTIONS FOR LOCATION
OF A PATHFINDER PROJECT.

Environmental

Water Depth Wind Speed and Social Grid Connection Nt'eurest
Less Than 50m - Major Port
Constraints
High risk g
A North Yes 8-9m/s (within EBSA & IMMA) 220KV line Colombo
B West Yes 7.5-8.5m/s Lower risk 220KV line Colombo
Yes High risk 220KV line
C Southeast (imited) 8-9m/s (within EgBSA & IMMA) | (to be constructed) Hambantota

Options A and C both feature substantial environmental and social sensitivities. A UNESCO-MAB
Biosphere Reserve is located around Hambantota and a protected marine area runs along the
southeast coast, meaning that the electrical export system from any project in the Option C area
would need to pass through this. Furthermore, the onshore grid in this region is weak (though there are
plans to improve it) and, although metocean conditions have not been investigated in this roadmap,
the southeast coast will be exposed to more severe wave conditions. Option C also has unknown
bathymetry, but with indications of a steep seabed that deepens quickly. There may be some
shallower water in this areq, but it is likely that much of it will be deeper and only suited to floating
wind turbines.

While Option B has a less energetic wind resource, it appears to have fewer environmental and social
sensitivities. It is also close to the port of Colombo and to existing transmission grid.

Options A and B in the Gulf of Mannar are closest to India and could offer synergies with the planned
offshore wind projects in Tamil Nadu. Cooperation with India in this region could be essential in
bringing the benefits of large-scale development to Sri Lanka.

From the information available on these three areas, Option A (Mannar) and Option B (Puttalam)
appear to be more favorable for Sri Lanka’s first offshore wind project and it is recommended that
the feasibility of both areas is investigated further.

As Option A, Mannar, has a higher wind resource, it is likely to have a lower LCOE than a project at the
Option B, Puttalam location. For this reason, this analysis focuses on Mannar as a possible location of

a pathfinder project. To achieve some economies of scale, and provide a project scale that is attractive
to investors, a 500MW pathfinder project has been assessed.
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A rough estimate of the annual energy production (AEP) from a 500MW pathfinder project located

in the Gulf of Mannar south of Adam’s Bridge using a 12MW wind turbine generator (WTG) has

been estimated as outlined in Table 4.2. The gross energy production is presented, followed by the
consideration of the wake losses, which are the energy losses caused by a reduction of wind speed
caused by the wake of a wind turbine and impacting downwind turbines. Finally, further system losses
are considered to derive the net AEP.

TABLE 4.2: AEP ESTIMATE FOR 500MW PATHFINDER PROJECT IN THE GULF OF MANNAR.

Wind speed 8.8m/s
Nos. of 12MW WTGs (150m hub height) 42
Annual gross energy production (P50) 2,535GWh
Wake loss (assuming 4.0%) 101.4GWh

Annual gross energy production (P50)

(including wake losses) 2:4336Wh
Gross capacity factor 551%
Other losses — electrical, outages, etc. (10% of P50) 243GWh
Net Annual Energy Production (AEP) 2,190GWh
LCOE™ US$75/MWh

It must be noted that this estimate is highly uncertain as it is based on an unoptimiged layout

with losses only roughly estimated. Furthermore, it does not take into account any uncertainties, so
this should be considered as a high-level, preliminary estimate which inherently will change once the
optimigation process and detailed analyses have been carried out.

Using the CAPEX and OPEX assumptions from the financial analyses in section 9.1 including a
target WACC of six percent (which is heavily contingent on concessional finance and sufficient risk
mitigation) and applying a net AEP of approximately 2,190GWh per year for the 500MW pathfinder
project, yields an LCOE of around US$75 per MWh.

4.2 PROCUREMENT OPTIONS

The development of offshore wind is completely different to that of onshore wind or solar. The
development timeline, cost, and risk are all much greater, so a specialiged approach to development and
procurement is required to help encourage investment and to drive down costs.

Broadly, there are two types of competitive procurement models (see Figure 4.1 and section 3.2 of the
Key Factors report [17] for further discussion) that have evolved and are used by established offshore
wind markets.

1. Government-led approach: A government takes responsibility for the site identification and early
development work, usually including in-principle permits, to prepare a project that can be used in
a price/tariff-based auction. The development work is required to give bidders enough information
and sufficient data to estimate a competitive price of power. The amount of uncertainty at the
time of bidding will directly impact the bid price. As this approach only has a single competition, it
is sometimes known as the one-competition model.

12 Assumptions on CAPEX and OPEX are the same as described in Table 9.1 scaled to 500MW. The LCOE is based on a target WACC of six percent which depends on
sufficient risk reduction and the use of concessional finance.
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2. Developer-led approach: A government provides some guidance on preferred areas for
development and runs a competition to award project developers with exclusive rights to explore
offshore areas. Developers are then responsible for gathering data, developing a project, and
obtaining permits, before they bid into a tariff-based auction. As this approach has two separate
competitions (for a seabed lease and for a tariff/offtake agreement), it is sometimes known as
the two-competition model.

FIGURE 4.1: OVERVIEW OF ACTIVITIES, COMPETITIONS, AND RESPONSIBILITIES UNDER THE

ONE- AND TWO-COMPETITION MODELS FOR OFFSHORE WIND PROCUREMENT.

B Government-led
@ Developer-led
@ Competition

Government-Led / One-Competition Model (e.g., Germany, Netherlands)

Initial Initial Project Site § PPA Permitting* Project FC and
Permitting® | Development* | Agreements g Development® | Construction
-
Exclusive Permitting* Project Power Offtake FCand
Seabed Lease g Development (PPA) Construction

Developer-Led / Two-Competition Model (e.g,. UK, USA)

Marine Spatial
Planning

*Activity started by
government and
completed by developer.

Note: FC=Financial Close

Source: World Bank Group, adapted from Figure 3.3 in Key Factors report [17].

The two-competition model can work well in large markets, where many GWs of projects are
under development. The design of the competitions, including the rates at which sites and PPAs
are awarded, can be used to ensure that there is a sufficient number of developers and projects
participating to create competitive tension at lease and power offtake competitions.

The one-competition model is more applicable when there is appetite for a government to closely
control and take the risk of development, and in cases where there is limited competition for leases
or offtake agreements. A government-led approach can also be helpful in reducing risk before
awarding projects to private developers, thereby reducing the risk that is borne by developers and
potentially helping to reduce costs and delays.

Sri Lanka may require around 1GW of offshore wind capacity in the medium-term. In the context

of offshore wind, this is a small market opportunity and could likely be delivered by one to three
projects. Projects of 500MW or larger will benefit from economies of scale and will have a lower cost
of electricity. This volume will not create sufficient competitive tension to successfully run a
two-competition model. WBG therefore recommends that a one-competition model is used to
procure Sri Lanka’s first offshore wind projects. This approach has the advantage of delaying

the participation of private sector developers, thereby allowing the country’s economic climate to
recover before encouraging international investment.
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4.3 NEXT STEPS FOR DEVELOPMENT OF A PATHFINDER PROJECT

Currently, Sri Lanka employs a mixed approach for tender processes related to renewable energy
projects by setting the tender specifications and requirements depending on the particular tender.
Currently, the lack of offshore wind regulatory experience and the lack of an offshore wind dedicated
legal framework indicate that the process predominately should be government led in order to derisk
the project.

As previously mentioned, the development of offshore wind projects takes considerably longer than
for onshore renewable energy projects. To avoid delays and higher costs, it is also important to
focus on quality and risk reduction to ensure that data and development work can be relied upon by
developers bidding into the future tender.

Figure 4.2 summariges the main phases in the development and delivery of an offshore wind
project under a government-led procurement model. The diagram focuses on the government-led
development and preparatory activities that need to occur before a project tender, along with an
estimated timeline for this work. The timelines are approximate and will vary depending on the
availability of resources and the scope and sequencing of activities, which will be informed by the
findings of previous tasks.

FIGURE 4.2: REPRESENTATIVE TIMELINE FOR TYPICAL GOVERNMENT-LED DEVELOPMENT
ACTIVITIES AHEAD OF A PROJECT TENDER COMPETITION.

Project &
PPA Tender

GOVERNMENT ACTIVITIES DEVELOPER ACTIVITIES
A Sit Site | tigations, Devel t& "

Spatial Planning ~ Site Assessment  Grid Connection Planning

Stakeholder Engagement
Wind Modeling Wind & Metocean Measurements
Environmental & Social Scoping Env. & Soc. Surveys ESIA Approval

Pre-Feasibility  Feasibility Studies
Geophys Surveys ~ Geotech Surveys
Regulatory Analysis Tender Design

Establish Targets & Policy Offshore Wind Developer Consultations

L JL J

9-12 Months 18-24 Months

WBG recommends the following short-term (9-12 months) actions to progress this preparatory work:

1. SLSEA and PDASL sign a Memorandum of Understanding, formaliging their cooperation on
offshore wind, declaring at least the two areas (Mannar and Puttalam) as a priority for potential
offshore wind development, and establishing a common block definition across Sri Lanka’s waters.

2. SLSEA develops and publishes (or Gagettes) a policy for offshore wind, stating a target capacity,
timeline, and the chosen procurement model.
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3. WBG commissions technical assistance work to inform decision-making, including;
Environmental and social analysis to:
- ldentify key stakeholder groups
- Commence initial stakeholder engagement
- Gather additional existing spatial data on environmental and social issues
- Update spatial planning work commenced under this roadmap

Wind analysis using mesoscale models and incorporating existing onshore/coastal
measurements of data, especially from Mannar Island

Grid connection assessment in collaboration with CEB to identify potential options
for connection locations and capacities

Regulatory gap analysis and recommendations on any required amendments to
deliver the government-led procurement model

Prepare a detailed scope of works and costing for site data collection, feasibility assessment,
and tender design, to be delivered under a grant executed by SL government with WB support.

As Figure 4.2 shows, this initial phase of preparatory work informs a longer phase of site surveys and
detailed studies. The activities under this phase of work are required to reduce project development risks
and provide more certainty about the project before it is tendered. These activities include;

Geophysical investigations — surface investigations which characterige the seabed (depth,
bathymetry, structure, objects, and hagards e.g., UXOs). Depending on the resources available,
this may also include targeted geotechnical investigations.

Metocean study comprising location (coordinates) and general site description, bathymetry
and tidal data, wind data, and wave data.

Site-specific wind study including data collected on site for at least 12 complete months.

Environmental and social scoping and initial assessment, including baseline studies that cover
multiple seasons and/or annual cycles — typically, bird and marine mammal surveys should span
at least two years. Stakeholder engagement should also inform the scoping and assessment. This
information is used as the basis for a project-specific environmental and social impact assessment
(ESIA) which could either be carried out by the government (providing in-principle permits) or later
by the selected developer.

Grid integration study analyzing the grid code requirements and the possible need for
reinforcement/upgrade of the existing grid transmission system or any extensions if necessary.

Port study, analyzing existing available ports and specifying the needs for upgrades.

Although limited in number, the required studies will typically take around 18 to 24 months to prepare
and undertake as the data collected needs to be of sufficient quality and gathered over a long

period in accordance with good international industry practice (GlIP). Section 15 also provides further
information on specific studies and surveys, as well as providing rough cost estimates. While these
site surveys and studies are progressing, the government should design the tender competition, in
consultation with the industry, and publish the process and rules well ahead of the competition date.
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I 5 OPPORTUNITIES AND CHALLENGES

This wide-ranging roadmap examines many facets of a potential offshore wind industry and
presents recommendations and plans for realiging it. In the Sri Lankan context, some of these plans
and recommendations will be particularly challenging, while some others will present opportunities
that can only be achieved with offshore wind. This chapter describes the most important of those
opportunities and challenges.

5.1 OPPORTUNITIES

Offshore wind could help Sri Lanka to achieve the goal of 70 percent renewable energy.

As individual onshore wind and solar PV projects in Sri Lanka to date have tended to be small,
and land is a precious resource, their deployment rate could be insufficient to fully meet the 2030
target. Offshore wind has the potential to provide a large-scale contribution to help achieve the
government’s decarbonigation targets, especially in the longer term.

Offshore wind opens the opportunity to export renewable energy to India and regionally

since Sri Lanka has potential to generate more electricity than consumed domestically. A planned
interconnection with India could offer access to regional electricity markets, thereby providing
large-scale income for Sri Lanka.

Around US$570 miillion in GVA could be generated for the Sri Lankan economy over 25 years
through the development, construction, and operation of S00MW of offshore wind.

Power-to-X (PtX) options, such as green hydrogen and ammonia, could offer alternative
future uses for offshore wind generation. This could include the decarbonigation of local industry
and existing hydrogen consumers, production of green shipping fuels for vessels calling at Sri
Lanka’s ports, or potentially for export as an appropriate energy vector. That said, due to the high
production costs, this is a longer-term opportunity and is unlikely to feature in the business case
for the country’s first projects.

5.2 CHALLENGES

While there are numerous challenges to developing offshore wind, these are common to many
countries looking to deploy this technology for the first time. Some of the main challenges include:

The country is currently experiencing a severe economic crisis. Unable to service its high debt
costs, it announced a debt default in mid-2022. A large trade imbalance, exacerbated by expensive
fossil fuel import costs, contributed to the crisis. Transitioning to renewable energy and thereby
reducing fuel imports is expected to be an important action in the country’s recovery.



Offshore wind has a higher cost than onshore wind and solar PV which could lower interest
to start developing the offshore wind industry in a timely manner. However, the realigable
potential of onshore renewables may not be sufficient to meet the country’s energy needs and
decarbonigation objectives by 2030 and beyond. Since offshore wind is an attractive option

to ramp-up renewable generation in Sri Lanka, the development of both onshore and offshore
renewables needs to be viewed holistically to reach the country’s ambitious goals.

The domestic supply chain potential is limited. Sri Lanka would therefore be highly dependent
on international suppliers and developers for equipment and materials. The relatively small volume
of offshore wind expected in Sri Lanka itself does not offer natural incentives to localige the
supply chain significantly. However, the much larger volume of offshore wind development in the
region offers potential for supply chain development in the region, including export opportunities
for Sri Lanka.

Sri Lanka has no track record in offshore wind. The country nonetheless has some capabilities
in permitting and infrastructure development as well as operation and maintenance (O&M) in
related sectors, such as onshore wind and onshore electrical infrastructure as well as offshore oil
and gas exploration.

Port infrastructure needs to be properly assessed and upgraded. The upgrades are required
for the country’s ports to suit the requirements of offshore wind installation operations and
specialiged vessels. Of Sri Lanka’s four major ports, Colombo and Hambantota are suitable

to support the installation of bottom-fixed offshore wind with only relatively minor upgrades.
Trincomalee and Kankasenuthurai, however, would need major upgrades to be suitable. Capable
ports could also allow the possibility of supplying the Indian offshore wind industry.

No dedicated offshore wind regulatory and institutional framework has been adopted. The
existing legal and regulatory system is primarily geared towards smaller scale, onshore renewable
projects which does not provide the needed clarity and certainty especially with regard to planning
and permitting.

The transmission system requires strengthening in consideration of the offshore wind capacities
to be added. Adding offshore wind farms of S00MW to 1GW each will have a significant impact

on the transmission system. To be able to handle this ramp-up, there is need for proper planning and
investments in grid infrastructure to provide the necessary upgrades.

Large CAPEX, insufficient, and high cost of domestic capital are challenges to an affordable
cost of electricity from Sri Lanka’s first offshore wind developments. The cost of capital from
Sri Lankan banks is quite high since interest rates on loans could run as high as 15 percent. Local
banks will likely not be able to provide loans at the scale and with the tenor needed for offshore
wind. International capital will need to finance projects and access to low-cost concessional
finance will be essential to reduce the cost of energy of the first offshore wind projects.

5 Opportunities and Challenges
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6 ROADMAP AND
RECOMMENDATIONS

The previous chapters have examined the current situation regarding offshore wind and its potential
in Sri Lanka and presented the findings and major themes. This chapter aims to transform those
findings into a concrete set of recommendations for the Government of Sri Lanka. Depending both
on the extent to which these recommendations are implemented and market conditions, there are a
range of growth outcomes possible for offshore wind. This roadmap considers two possible growth
scenarios which represent a lower bound — the low growth scenario — and a higher bound — the
high growth scenario. Finally, the recommendations and growth scenarios are combined with a time
schedule, resulting in two roadmaps for the development of offshore wind in Sri Lanka.

6.1 RECOMMENDATIONS

Kick-starting an offshore wind industry can be done at different growth rates, but the overall
development milestones and recommendations for Sri Lanka remain similar. The recommendations
mainly focus on actions to be taken on the short-term, but some can span over the entire
timeframe up to 2050. Most of these recommendations are equally valid for the low growth or high
growth scenarios.

Vision and Volume Targets

1. SriLankan Sustainable Energy Authority (SLSEA) and Ceylon Electricity Board (CEB) should
integrate offshore wind into the long-term generation expansion plan (LTGEP). A holistic plan,
supported by energy system modeling should consider the characteristics of offshore wind and its
potential contribution to the country’s decarbonigation goals.

2. SLSEA should establish a long-term vision for offshore wind including installation targets.
Including both shorter (i.e., 2030) and longer (i.e., 2050) targets helps investors to plan and gives
confidence in the market opportunity. The vision should be informed by the LTGEP and economic
analysis. Longer-term opportunities such as floating wind and green hydrogen should also be
included in the vision.

3. One or two 500MW pathfinder project(s) should be considered by SLSEA. This capacity could
be commissioned around 2030 and would help to overcome barriers and risks for future capacity
additions, enabling subsequent cost reductions.



Regulatory and Policy Framework

4,

SLSEA in collaboration with other authorities such as Petroleum Development Authority

of Sri Lanka (PDASL) and Marine Environmental Protection Authority (MEPA), should lead
integrated spatial planning to identify and assess the preferred locations for future offshore
wind projects. The spatial planning should include stakeholder engagement and strategic baseline
studies to ensure well-informed site selection. This work can be supported by subsequent technical
assistance from development partners.

Sri Lanka should follow a government-led approach to planning and procuring the pathfinder
project(s). The SLSEA should plan this approach, discuss it with industry and other stakeholders,
then publish it in the Sri Lanka Gagette. The process should be competitive, fair, and transparent,
taking lessons from international experiences and incorporating them with local norms.

SLSEA should carry out a regulatory gap analysis and identify any required amendments
or new regulations to deliver the government-led procurement model. Many elements of the
framework can be adjusted to suit the requirements of offshore wind but others, such as the
provision of seabed leases/concessions may require new legislation.

The Central Environmental Authority (CEA), in collaboration with SLSEA, should develop and
publish detailed guidance on the permitting process. This should include a list of all the permits,
authorities, and timelines to be considered. This should also include the important environmental
and social impact assessment (ESIA) process following good international industry practice (GIIP).

Financial and Economic

8.

10.

SLSEA, with support from development partners, should investigate the use of derisking
mechanisms, including guarantees, and opportunities to mobilize low-cost concessional
finance. The objective is to ensure the pathfinder project(s) risk is sufficiently mitigated to
encourage investors and to reduce the cost of financing. This will help to reduce the cost of
electricity and ensure the participation of competent, experienced developers, which will increase
the chance of successful delivery.

The CEB should establish a long-term, bankable, power purchase agreement (PPA). This should
take into account the specificities of offshore wind, fairly allocating risk between off-taker and
developer, and ideally addressing exchange rate risk, repatriation of profits, and curtailment
payments. The PPA must be considered bankable for projects to obtain debt financing.

SLSEA and CEB should also consider the feasibility and potential benefits of renewable energy
support schemes. This would include any additional mechanisms needed to reduce the PPA price
to an acceptable, affordable level.

6 Roadmap and Recommendations
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Health and Safety (H&S)

.

The Government should introduce H&S requirements in alignment with industry best-practice
standards. This should adopt international standards with a long track-record, which ensures safe
procedures during installation and operation.

Grid and Port Infrastructure

12.

13.

14.

15.

16.

17.

18.

19.

The Sri Lanka Ports Authority (SLPA) should assess port requirements and options for
upgrading ports to support the installation of the pathfinder and subsequent projects. This
should consider the feasibility and merits for upgrading Sri Lanka’s ports and whether there are
more economical options.

Assuming a local port should be upgraded, SLPA should undertake works to improve the
capabilities of the port of Colombo and/or Hambantota. The works should be strategic,
considering opportunities to supply/service projects being developed in India as well as
domestically.

SLPA should assess and upgrade smaller local ports to use in the 0&M phase in order to enhance
local job creation as well as ensure a reliable, safe, and lasting operation of the wind farms.

CEB should include offshore wind in the next iteration of the long-term transmission
development plan (LTTDP). This should be based on the LTGEP, and the targets and timelines set
by SLSEA.

CEB should clarify which entity is responsible for constructing and operating the export
system between an offshore wind farm and the onshore transmission grid. It is recommended
that this should be the responsibility of the developer, though CEB could be best placed to lead the
onshore work.

CEB should construct strategic transmission reinforcements. Given the scale and long
development times of offshore wind projects, these sigable reinforcements should be planned and
implemented well in advance of projects being commissioned. They can be delivered strategically
to avoid a less-efficient project-by-project approach.

The Ministry of Power and CEB should continue to explore the electrical interconnection

link with India. This could enable the partial or full sale of offshore wind generated power to
consumers or markets in the region, as well as helping to balance the local grid and facilitate the
integration of variable renewable energy.

As part of a long-term decarbonigation plan, SLSEA and PDASL should explore the potential

to produce green hydrogen and ammonia. It is unlikely to be economically viable in the shorter
term but, in the absence of an interconnector with India, this could become a critical part of the Sri
Lankan energy system. Alternatively, cheaper sources of electricity could be used to produce green
hydrogen, and offshore wind could be used to supply the grid.
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Supply Chain

20. SLSEA and the Sri Lanka Ports Authority (SLPA) should consider the merits of incentives to
support industry growth and local supply chain capability. This could, for example, include tax
exemptions/reductions, availability of reduced rate land/property within port areas, or access to
lower-cost finance.

21. SLSEA and relevant Government agencies should map local supply chain capabilities. This
should identify local firms with any capability or likely future capability to supply or service
offshore wind projects.

22. SLSEA should consider establishing strategic regional partnerships with other offshore wind
markets. Suppliers in India, China, and Vietnam for example, could be an alternative to overcome
domestic supply chain constraints and to both draw on regional skills and help develop them
domestically.
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6.2 ROADMAPS

FIGURE 6.1: LOW GROWTH SCENARIO FOR OFFSHORE WIND DEVELOPMENT IN SRI LANKA.
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FIGURE 6.2: HIGH GROWTH SCENARIO FOR OFFSHORE WIND DEVELOPMENT IN SRI LANKA.
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7/ ASSESSMENT OF OFFSHORE
WIND AREAS

Sri Lanka has good conditions for offshore wind and previous work [1] by the World Bank estimated
Sri Lanka has 91GW of technical potential. The previous spatial assessment was limited in that it
only considers wind speed and water depth as the main parameters defining the resource potential.
The screening for offshore potential performed under this roadmap builds on the previous work

and includes an assessment of seabed conditions, wind resource, and environmental and social
constraints. With these three topics mapped, the overall locational potential can be estimated.

71 SEABED CONDITIONS

This section provides a preliminary assessment of the seabed, geology, and seismic conditions
offshore Sri Lanka. Geology and seismic conditions are included in the screening as these factors
impact foundations and the structural integrity of OWFs. Extreme or harsh conditions may result in
exclusion of some areas.

It shall be noted that the data presented is not of a quality suitable for design and shall be considered
as for information only. More detailed hydrographic, geophysical, and geotechnical surveys and results
are required during the development of offshore windfarms.

711 Data

The main available data that have been used as basis for the screening is:

Bathymetry — grid from GEBCO (~450m resolution)
Morphology — data from ESRI

Faults — data provided by PDASL
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7.2 Morphology

The bathymetry offshore Sri Lanka shows that relatively shallow waters are found to the north between
Sri Lanka and India, whereas areas of shallow waters are more limited in the south (Figure 7.1).

FIGURE 7.1: BATHYMETRY OFFSHORE SRI LANKA [25].

Source: GEBCO
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Waters shallower than -50m are typically suitable for fixed wind turbine generators (WTGs). Water
depths beyond the -500m contour line are less economical for floating foundations.

Large-scale morphological seabed features (e.g., shelf valleys and escarpments), are shown on Figure

7.2. Escarpments related to steep slopes at the transition from shelf to abyss are dominant along the
entire coastline except in the northwestern area. A prominent shelf valley is found at Trincomalee on

the northeast coast.

FIGURE 7.2: MORPHOLOGY OFFSHORE SRI LANKA SHOWING GENERAL LARGE-
SCALE FEATURES [26].
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The northwestern coast is shielded by the Indian subcontinent and preserves longshore sediments
that arrive with the southwest monsoon period. Hence, many islands and sediment barriers are found
along the coast [27]. Along the northwestern, northern, and eastern coasts net accumulation is taking
place, meaning that the coastlines are expanding.

On the contrary, along the southwestern and northeastern coasts sea currents caused by the
southwest monsoon leads to net erosion, meaning that the coastlines are retreating [28, 27].

71.3 Geology

Geologically, 90 percent of Sri Lanka is made up of Precambrian crystalline rocks and have been
divided into four complexes, the Wanni Complex, the Highland Complex, the Kadugannawa Complex,
and the Vijayan Complex (Figure 7.3). The relative levels of land and sea have remained practically
the same since Miocene times. However, minor post-Miocene oscillations in sea level have led to the
deposition of Miocene to Quaternary formations and changes in the coastal regions [28].

Three main sedimentary basins are found offshore Sri Lanka: the Cauvery Basin, the Mannar Basin, and
the Southern Basin (Lanka Basin) (Figure 7.3). Cauvery and Mannar basins are located on a rift margin
between India and Sri Lanka, while the Southern Basin is a passive margin. Whereas large parts of the
Southern Basin are underlain by oceanic crust, there is no evidence to support that there is oceanic crust
development in the Cauvery or Mannar basins. Rocks of the Wanni Complex comprise the basement
in the Cauvery Basin as well as in the northern part of the Mannar Basin. In the southern part of

the Mannar Basin and in parts of the Southern Basin the basement is comprised of rocks from the
Highland Complex. To the east, the Vijayan Complex extends out in the Southern Basin.

Within the Mannar and Cauvery basins, major faults which are cutting the basement have been
interpreted based on seismic exploration surveys (Figure 7.4).
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FIGURE 7.3: SIMPLIFIED GEOLOGICAL MAP OF SRI LANKA PRESENTING THE SUBDIVISION
OF THE CRUSTAL BASEMENT: THE WANNI COMPLEX, THE HIGHLAND COMPLEX, THE

KADUGANNAWA COMPLEX (GREEN), AND THE VIJAYAN COMPLEX AS WELL AS THE THREE
SEDIMENTARY BASINS: THE CAUVERY BASIN, THE MANNAR BASIN, AND THE SOUTHERN

BASIN (LANKA BASIN) [29].

7 Assessment of Offshore Wind Areas 52



FIGURE 7.4: FAULT LINES INTERPRETED BASED ON SEISMIC EXPLORATION SURVEYS [30] [31].
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7.4 Seismicity

Sri Lanka is considered an aseismic region located well away from major plate tectonic boundaries.
The risk of an earthquake hagard is classified as very low, meaning that there is less than two percent
risk of a potentially damaging earthquake in the country within the next 50 years. Nevertheless, a
considerable number of small to medium magnitude intra-plate seismic events has been recorded in
and especially around Sri Lanka. Most of these events were microevents which may be caused due

to local tectonics or human activity [30, 32]. However, conversion of historic records indicates that
earthquakes with magnitude above five have occurred at Trincomalee and Colombo in 1882 and 1615
respectively (Figure 7.5) [30].

Furthermore, a large area of diffuse seismicity located south-southeast of Sri Lanka (northern part of
the Ninetyeast Ridge), could be a dominant source of strong shallow intraplate earthquakes, and could
render direct threats of striking large-magnitude events in close proximity to the country [31].

FIGURE 7.5: HISTORICAL EARTHQUAKES FROM 1615 TO 2004 [30].
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Despite the low to moderate risk for earthquakes, the risk for a tsunami hagard is classified as medium,
meaning that there is more than a ten percent risk of a potentially damaging tsunami occurring within
the next 50 years. Based on this information, the impact of tsunami should be considered in different
phases of potential offshore projects for any activities located near the coast.

Moreover, it shall be noted that low amplitude a tsunami waves (length ~ 100km, height <1 m) have
been associated with significantly more scour than shorter solitary waves [33].

7.5 Findings

The assessment shows that in general, there are no major seabed obstacles or challenges for
construction and operation of offshore wind farms.

There is a significant area with water depth below 50m, which will be suitable for fixed bottom WTGs.
Further, there is a large area with water depths of 50-500m, which is the limit currently considered for
floating foundations. Finally, if looking further into the future and a possible range of water depths up to
1,000m for floating foundations, the potential for offshore wind locations will expand even further.

Earthquakes are not considered a major concern. However, development of sites close to shore must
take into consideration tsunami incidents and especially the potential scour related to low amplitude
tsunami waves.

7.2 Wind Resource

7.21Wind Resource

The wind resource in different areas in Sri Lankan waters has been evaluated to identify and map the
potential for offshore wind development in Sri Lanka. For offshore sites, there are no local speed-ups
from the terrain, and thus for this screening exercise, it is considered sufficient to use mesoscale data
as an input. The Global Wind Atlas (GWA) is an appropriate mesoscale data set that can be used for
such a screening exercise and was used as basis for the analysis in this roadmap.

Currently, 7m/s is considered the lowest feasible average wind speed for economically viable offshore
projects. As can be seen in Figure 7.7, Sri Lanka has moderate wind speeds which are relatively evenly
distributed around two main areas. North of Puttalam there is a small pocket of 9-9.5m/s wind, which
decreases gently and consistently to the east and west. Similarly, there is a pocket of >9.5m/s speeds
east of Matara, which decreases gently in a concentric pattern. In addition to these areas, there is a
very large area in the Bay of Bengal with 7-7.5m/s.

Finally, it must be noted that Sri Lanka is prone to high-wind incidents (tropical cyclones). Figure 7.6
presents the storm incident and path based on up-to-date data collected by NOAA from 1841 to 2021.
The storms categories are classified according to Saffir Simpson hurricane wind scale® as showen in
Table 7.1. The corresponding wind speeds are for one-minute maximum sustained winds.

13 H.S. Saffir, ‘Hurricane Wind and Storm Surge” The Military Engineer, Vol. 423, 1973, pp.4-5.
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TABLE 7.1: SAFFIR-SIMPSON HURRICANE WIND SCALE.

Saffir—Simpson Scale™

Category Wind Speeds [m/s]
Five 270m/s
Four 58-70m/s
Three 50-58m/s
Two 43-49m/s
One 33-42m/s

As observed in Figure 7.6, most of the storm categories in Sri Lanka and vicinity are tropical
depressions (up to 17m/s) and tropical storms (up to 32.5m/s), respectively blue and green color.

However, there are also category one and two storms, which corresponds to wind speeds between
33-49m/s.

FIGURE 7.6: STORM INCIDENTS AROUND SRI LANKA FROM YEARS 1841-2020.

Source: US National Ocean and Atmospheric Administration (NOAA).

14 https://www.nhc.noaa.gov/aboutsshws.php
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7.2.2 WTG Type

Most offshore WTGs currently on the market are designed for high average wind speeds of up to
10m/s and, while technically suitable for less energetic sites, they are not optimiged for moderate

(up to 8.5m/s) or low (up to 7.5m/s) wind speeds. As the offshore wind sector matures, and as the
medium-to-low wind speed sites become increasingly viable to develop, OEMs are expected to develop
lower wind speed WTG types. In turn, with this market-driven development, development of these
WTGs will improve LCOE of projects.

FIGURE 7.7: AREAS WITH MEAN WIND SPEED HIGHER THAN 7.0M/S AT 150M BASED ON

GLOBAL WIND ATLAS'> [19].

Source data: Global Wind Atlas

Given the overall wind resource in Sri Lanka, an estimation of energy outputs has been based on
WTGs with relatively larger rotor diameters and lower rated power, resulting in a lower power

density (the power divided by the swept area of the WTG) which is generally favorable for lower wind
resources. This is based on the current available information on WTG technology (such as power
curves) suitable for different wind regimes. However, the possibility for high-wind incidents or tropical
cyclones must also be taken into consideration when selecting a specific WTG for a project in Sri
Lanka. It is therefore recommended to apply site specific approval (i.e., a certification of a given WTG
for a specific site and its related conditions). It is expected that the O&M of the wind farms consider
the incidence of storms and the limits of the WTGs, and a detailed site assessment is recommended to
evaluate site conditions and extremes for offshore wind development.

15 Data obtained from the Global Wind Atlas 3.0, a free, web-based application developed, owned, and operated by the Technical University of Denmark (DTU). The Global
Wind Atlas 3.0 was released in partnership with the World Bank Group, utilizing data provided by Vortex, using funding provided by the Energy Sector Management
Assistance Program (ESMAP). For additional information: https://globalwindatlas.info
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7.3 TECHNICAL, ENVIRONMENTAL, AND SOCIAL CONSTRAINTS

Offshore wind can be a major element in addressing the challenges of climate change and can
potentially create both economic and environmental benefits for generations to come. However,
multiple use of ocean resources by many stakeholders requires careful consideration and coordination.

This section discusses the technical constraints, and environmental and social sensitivities that may
influence the future development of Sri Lanka’s offshore wind market. The analysis includes a high-
level assessment and mapping of potential environmental, social, and technical constraints in relation
to offshore wind development in Sri Lanka. The assessment includes recommendations on how to
incorporate and plan for environmental and social constraints. It shall be noted that WBG and IFC
performance standards should be used as the guiding principles for assessment of environmental and
social constraints, specifically as these forms the basis for international financing support.

7.3.1 Method

The constraint mapping has been conducted through a review of scientific literature and existing
datasets, as well as experience from established offshore wind projects and markets. As far as
possible the environmental, social, and technical constraints have been mapped spatially.

A study on Sri Lanka'’s offshore and coastal biodiversity was undertaken by the Biodiversity
Consultancy and this is provided in Appendix A. This study identifies potential biodiversity sensitivities
which could be adversely impacted by offshore wind development. The high sensitivity of some

areas means that it is highly unlikely that offshore wind projects could be developed to meet good
international industry practices (GIIP) or international lenders’ E&S requirements — therefore, these
zones have been excluded from further consideration. Other areas have high E&S sensitivities, but it
may be possible to sustainably develop projects in these areas, however the restrictions have been
noted. These two classifications of gones are defined as:

Exclusion gones comprised of areas of the highest environmental and social sensitivities and are
considered as "no-go” areas to exclude from offshore wind site selection.

Restriction gones are high-risk areas requiring further assessment of environmental and social
risks through marine spatial planning (MSP), site selection, and/or environmental and social
impact assessment (ESIA).

Some stretches of Sri Lanka’s coast have fewer constraints and include the areas between Jaffna and
Trincomalee, as well as between Puttalam and Colombo. Although these areas have fewer exclusion and
restriction gones, they may contain sensitivities that have not been identified in this initial assessment.

Gathering stakeholder input should be an ongoing process, particularly for the protection of
environmental resources and social sensitivities. Multiple stakeholders will include environmental
groups, non-governmental organigations, business interests, offshore wind industry representatives,
and local communities.
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7.3.2 Results

Legally Protected Areas (LPAs) and Internationally Recogniged Areas (IRAs)

Legally Protected Areas (LPAs) and Internationally Recognised Areas (IRAs) represent high-value
areas designated for various biodiversity conservation objectives, and some should be excluded from
consideration for offshore wind development because of this. The LPA system in Sri Lanka is aligned
with the International Union for the Conservation of Nature management categories and include
Nature Reserves, National Parks, and Sanctuaries. The IRAs include Ramsar sites, Key Biodiversity
Areas (KBAs) including Important Bird Areas (IBAs), Ecologically or Biologically Significant Areas
(EBSASs), and Important Marine Mammal Areas (IMMAS).

The Bundala Biosphere Reserve is Sri Lanka’s only coastal UNESCO-MAB Biosphere Reserve and is
located along the south coast, around Hambantota. This is an area of high biodiversity value, including
important wetland habitat. This area is included as an exclusion gone.

The designated sites with marine components more likely to be impacted by offshore wind projects
are Marine National Parks, Nature Reserves, Sanctuaries, and KBAs which include Important Bird
Areas (IBAs) and Ramsar sites. It is recommended that these areas, shown in Figure 7.8 are excluded
from offshore wind development and are thus included in the exclusion zone layer.

FIGURE 7.8: PROTECTED AREAS (PAS) IN SRI LANKA WITH MARINE COMPONENTS.

Source: See Appendix A
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EBSAs and IMMAs may be feasible for development if they are carefully managed and development
activities are coordinated to avoid key sensitive periods for biodiversity. These sites are therefore
included in the restriction gone layer and shown in Figure 7.9. Options for Sri Lanka include identifying
those areas with potential for multi-use for offshore wind farms and those that are incompatible. The
best option is to avoid offshore wind development in designated sites, followed by technical options
for mitigating potential impacts. This roadmap shows that Sri Lanka only requires a fraction of the
offshore area to meet the high growth scenario — even taking into account restrictions.

FIGURE 7.9: INTERNATIONALLY RECOGNISED AREAS (IRA) IN SRI LANKA WITH
MARINE COMPONENTS.

Source: See Appendix A
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7.3.3 Threatened Marine Species

Threatened and range-restricted species are the focus of criteria one and two for the determination
of critical habitat, as defined by IFC Performance Standard 6 and therefore represent priority
biodiversity values. Some threatened and range-restricted marine species in Sri Lanka are sensitive to
survey and construction activities. These species are in general those that are particularly sensitive to
underwater noise, vibration, or smothering or loss of seabed habitat.

Developers should consider the likely presence of sea turtles, marine mammals, threatened fish
species, and sharks. Some endangered and critically endangered species, such as five species of sea
turtles, fish, sharks, and rays are found in Sri Lanka. In addition, Sri Lanka supports a high diversity of
marine mammals, with 27 recorded species. Of these, six are assessed as globally threatened species
including the Blue Whale (Balaenoptera musculus) and dugong (Dugong dugong) which have been
recorded in the Gulf of Mannar, the waters between Galle and Mannar, and in Trincomalee Canyon
(northeast coast of Sri Lanka).

Offshore wind development poses several risks to cetaceans, dugongs, and sea turtle populations, of
which disturbance of nesting beaches for sea turtles, destruction of seagrass beds (foraging grounds
for dugongs) and, underwater noise are possibly of most concern.

There are five threatened species of marine turtles with global ranges that overlap with Sri Lanka
EEZ. Although turtle nesting beaches are distributed across the entire coastline, except in Puttalam
and Gampaha districts, the primary nesting beaches can be found on the west, south, and the
southeastern coasts. Galle and Hambantota districts in particular harbour the most used nesting
beaches. Marine turtle nesting beaches feature in the designations of LPAs and EBSAs. However,
there are also many important nesting sites along the west coast which are not covered by

these designations. It is recommended that nesting beaches for marine turtles, plus a 5km buffer
are excluded for offshore wind development. These areas are included in the exclusion gone layer
(Figure 7.10).

FIGURE 7.10: NESTING BEACHES FOR TURTLES WITH 5KM BUFFER ZONE.

Source: See Appendix A
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7.3.4 Threatened Natural Habitats

Sri Lanka has no official list of threatened natural habitats. However, several ecosystems are highly
important both ecologically and economically for the country. This includes pearl mussel beds, seagrass
beds, mangroves, coral reefs, and coastal sand dunes. The modelled distribution of seagrass beds,
mangroves, and coral reefs are included within the exclusion gone layer. The most important areas for
pearl beds fall within the Gulf of Mannar EBSA, which is therefore included in the restriction gone.

The majority of important habitats are clustered in the intertidal gone within protected areas in at
the northwestern coast from Puttalam Lagoon in the Gulf of Mannar to the northern end of Palk Bay.
Coral reef hotspots include Jafna Peninsula, the Gulf of Mannar, Negombo, Hikkaduwa, Galle, Matara,
Basses, Passekudah, and Trincomalee.

Options for Sri Lanka include careful management of the wind farms and reducing physical
damage of threatened habitats like coral reefs or seagrass beds by optimiging the positions of the
WTGs, considerations of floating foundations, restoration, and management of compensatory
biodiversity refuges.

FIGURE 7.11: DISTRIBUTION OF THREATENED MARINE HABITATS (CORAL REEFS, SEAGRASS,
AND MANGROVES) IN SRI LANKA.

Source: See Appendix A
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7.3.5 Migratory Birds and Bats

Birds are included within the designations of Ramsar sites and Important Bird Areas (IBAs).

Usually, it is recommended that all IBAs and Ramsar sites are treated as exclusion gones for offshore
wind development. Sri Lanka, however, has no marine areas IBAs, but there are several coastal

IBAs that include marine bird species in their designation. These coastal IBAs have been included as
exclusion gones.

The designated bird areas are likely to include most seabird nesting colonies and non-breeding
aggregations of international importance. Among these is Sand Island Il west of Mannar Island. This is
the only known breeding colony in Sri Lanka for many seabirds and has therefore been included in the
exclusion gone. However, there are gaps in relation to flyways and migratory bottlenecks.

The greatest threat to migratory seabirds from offshore wind development is collision with WTGs. The
west coast, from the Gulf of Mannar southwards, is particularly important for migratory seabirds with
up to 400,000 birds flying southwards during daytime. Non-marine migratory birds enter Sri Lanka
through several entry points. Adam'’s Bridge provides one of the important entry points intro Sri Lanka
for thousands of migratory birds arriving through the East Asian-Australasian flyway. Adam'’s Bridge
Marine National Park is included in the exclusion gone.

AVISTEP, developed by Birdlife International, is an avian sensitivity mapping tool for energy planning
[34]. It provides a useful assessment of bird sensitivity for different types of renewable energy
projects, including offshore wind. Although the tool does not yet include an assessment of Sri Lanka, it
does assess India and it scores the Gulf of Mannar as 'Very High’ sensitivity.

7.3.6 Fish

Fish are identified as important features in two of the three Sri Lankan EBSAs, which are included

in the restriction gone layer. The Southern Coastal and Offshore Waters between Galle and Yala
National Park are designated for important fish species, and the Trincomalee Canyon and Associated
Ecosystems for whale shark. No additional digitiged spatial data has been identified in relation to fish.

7.3.7 Benthic Invertebrates

Sri Lanka has a total of 65 threatened marine invertebrates, comprising eight species of sea cucumber
(Holothuroidea), 56 species of stony coral (Scleractinia), and one Octocoral (Helioporacea). All of these
species are covered by the areas mapped as coral reefs, which are included in the exclusion gone.

7.3.8 Artisanal and Commercial Fishing

The fisheries sector plays a key role for Sri Lanka’s economy and provides animal protein for the
population. The marine fisheries of Sri Lanka consist of two main sectors, namely coastal fisheries and
offshore/deep sea fisheries. The Sri Lankan fishing fleet is primarily composed of small (<12 m) vessels
and approximately one third of this is non-motoriged. In 2017 the production of commercial marine
fish products was 439,370 metric tons. Of these, 17 percent was landed in the northern providence
(Jaffna, Puttalam) and 21 percent was landed in the Southern providence (Tangalle, Matara).
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Depending on the type of fishing activity, some fishing techniques may be more affected than others.
Towed, mobile bottom gear techniques are more likely to be constrained by the presence of wind farm
infrastructure, compared to mid-water fishing techniques. Fisheries are generally most intense in the
coastal areas where they can be a constraint to offshore wind development.

Options for Sri Lanka include consultation with fishers and site selection to avoid interference with
the most important artisanal and commercial fishing grounds and their biologically linked habitats
(spawning, nursery areas), use of compensation schemes, and agreed multi-use areas (for example,
allow transit, use of certain gear).

7.3.9 Tourism and Cultural Heritage

Ocean and coastal tourism are one of the fastest growing areas within contemporary tourism in Sri
Lanka. While tourism development has been spatially focused on the beach for much of the past,

the ocean and the marine environment as a whole has become one of the new frontiers and fastest
growing areas of the world tourism industry. With this in mind, the Sri Lankan Tourism Development
Authority (SLTDA) has been promoting coastal tourism in many coastal areas around Sri Lanka, with
special emphasis on places such as Kalpitiya (northwest), Mannar (north), Trincomalee (northeast),
and Arugam Bay (southeast).

This, in turn, is populariging marine tourism, such as fishing, scuba diving, windsurfing, yachting,

Kite surfing, surfing, and whale watching at a rapid rate. Many international events are hosted in Sri
Lanka, especially related to Kite surfing, windsurfing, and surfing. The hotels and larger touristic areas
are mainly located around Colombo, North of Colombo up towards Puttalam, and South of Colombo
towards Galle and Matara.

It is generally recommended that siting of offshore development is located away from tourism hot
spots. Floating offshore wind development may offer more opportunities to be located further from
shore, away from tourism sites. However, the existing 17 wind power plants in the country have not
hampered any coastal tourism related activities in Sri Lanka so far. In fact, wind farms may become
tourist attractions on their own, and pinnacles in sustainable and renewable energy in the country. An
example of this is the Bangui Bay wind farm in the Philippines [35].

Cultural heritage has not been specifically mapped for this roadmap exercise. There are no offshore
sites included in the UNESCO world heritage list, however, obviously any offshore cultural heritage
must be taken into consideration when planning an offshore wind farm.

7.310 Landscape and Seascape

In Sri Lanka there is no regulation on how far from the coast a wind farm should be. Since the visual
experience of a windfarm is highly culturally dependent, a buffer gone for placing near shore wind is
not defined in this roadmap. It should however be carefully considered during the planning process.
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7.311 Military Exercise Areas

Data on military activities such as maneuvering exercises, firing practice, low-flying training, or testing
grounds for ammunition are included in the Sri Lanka Air Force (SLAF) gones, see Figure 7.12. All

SLAF gones should be considered for offshore wind development. However, some temporal activities
such as laying of cables and transport of material is in many cases accepted by the military (following
consultation) and thus accepted in the SLAF gones. All SLAF zones are included in the exclusion

zone layer.

7.3.12 Ships and Navigation Routes

The shipping density according to Automatic Identification System (AIS) is highly concentrated outside
Colombo and Hikkaduwa/Galle in the southwestern waters of Sri Lanka (Figure 7.12). In contrast, very
few vessels are tracked in the northern waters of Sri Lanka, including Mannar Bay. The vessels traced by
AIS are primarily tankers, while smaller boats are not registered with AIS technology.

Shipping is so widespread that it should always be considered when evaluating the construction of
anew wind farm area or any other human activity offshore. Furthermore, shipping lanes must be
considered as well in relation to the wind farm operation, due to the increased risk damage to wind
farm infrastructure. Areas where the shipping density exceeds 1,500,000 boats/km? (over the period
2015-2020) are shown in Figure 7.12. There are no officially designated shipping routes in Sri Lankan
waters and this figure shows that there is a significant amount of traffic spread over a large area.

Figure 7.12 also shows that there is a well-defined, informal shipping route to the south of Sri Lanka,
starting slightly west of Matara and continuing in an easterly direction. Due to the extremely high
density of shipping traffic, this has been designated as a restriction gone.

7.313 Subsea Cables

There are ten known submarine cables in Sri Lanka for communications (Figure 7.12). These are all
located near Colombo and Hikkaduwa. Offshore wind activities such as laying of cables and transport
of material are usually possible in the vicinity of existing subsea cables. Subsea cables are therefore not
included in the restriction gone layer but should be factored into the planning of offshore wind farms.

7.314 Aviation

Offshore wind farms may interfere with aviation radar through shadowing or reflecting radar.

In addition, offshore WTGs may block or degrade the signal for telecommunication and data
transmission. In this context, areas around air traffic control centers (radars), airports, aerodromes,
and air traffic gones can pose constraints for developers.

Several aviation related sites exist along the coast of Sri Lanka which could be a constraint for near
shore wind development (Figure 7.12). The Sri Lanka Air Force (SLAF) regulates civil aviation in Sri
Lanka and should be consulted in the early development stage of a specific offshore wind farm. Few
SLAF gones exist in Sri Lanka and should be treated as exclusion gones. Furthermore, several known
IKA airports are located along the coast. It is recommended that these sites are also treated as
exclusion gones and a 15km buffer around these airports has been included as a precaution; however,
consultations and radar studies will be required to explore this constraint further.
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7.3.15 Oil and Gas Operations

Structures related to oil and gas infrastructure pose a hard constraint for wind farms and are
surrounded by restriction gones. There are several existing oil and gas wells in Palk Bay and the northern
Gulf of Mannar (Figure 7.12). These are included in the exclusion gone layer.

In 2019, Sri Lanka held an international bidding round to explore and produce oil and natural gas in the
Mannar and Cauvery Basins. The Cauvery Basins blocks are not included in the Restriction or exclusion
zone layers, but restrictions may come within the two block areas in the future.

FIGURE 7.12: SOCIAL AND TECHNICAL CONSTRAINTS FOR OFFSHORE DEVELOPMENT IN
SRI LANKA.
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7.315 Conclusions

The mapping of environmental, social, and technical constraints provides a preliminary high-level risk
assessment of the values and characteristics that are likely to be critical when selecting one or more
sites for offshore wind energy in Sri Lanka.

FIGURE 7.13: POTENTIAL AREAS FOR FLOATING AND FIXED FOUNDATION OFFSHORE WIND.

NOTE, EXCLUSION ZONES ARE NOT SHOWN BUT HAVE BEEN REMOVED FROM CONSIDERATION.

Figure 7.13 provides an overview of the exclusion gones and the restriction gones as recommended
based on the constraint mapping. Large parts of the screened areas include exclusion gones where
offshore wind farms cannot be recommended. The major constraints include conflict with legally
protected areas, nesting areas for sea turtles, presence of threatened habitats (coral reefs, sea
grass beds, and mangroves), foraging areas for threatened marine mammals (dugongs), major bird
migration routes, and resting areas for birds.

In the northeastern area and in the waters between Puttalam and Colombo, there are relatively large
areas considered lower-risk areas.

67 Offshore Wind Roadmap for Sri Lanka



Some of the screened area within Mannar Bay and Palk Bay in the northern part of the country is
mainly considered a high-risk area due to environmental constraints, which include the presence of
major bird migrations routes, resting and breeding areas for birds, and threatened habitats (seagrass

beds, corals, and mangroves) that are also habitats for threatened species of sea turtles and dugongs.

For the same reason, large coastal areas from Jaffna to Puttalam are recogniged as legally protected
areas. In the southern and southeastern waters, the screened area for offshore wind development

is likewise a high-risk area. Most of the nearshore, coastal areas are recommended to be excluded for
development due to the presence of turtle nesting beaches and legally protected areas.

In the restriction zones, offshore wind farms may be feasible if the construction and operation of the
windfarm is carefully managed and mitigating measures are integrated, e.g., by avoiding key sensitive
periods for threatened species or by reducing physical damage of threatened habitats like coral

reefs or seagrass beds by optimizing the positions of the WTGs. The restriction gones are categoriged
by various issues and mitigation measures will therefore be different from one site to another. This
should be investigated further during the marine spatial planning, stakeholder engagement, site
selection, and ESIA processes.

It should be noted that development within the restriction gones is likely to have a major impact on
environmental, social, and technical aspects, and further investigations are needed to clarify the impacts.

Overall conclusions on the results are summarised in section 3.1.
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} 8 REGULATORY FRAMEWORK

The regulatory framework surrounding offshore wind is critical to the success of the industry in any
country. This chapter provides a basic analysis of the Sri Lankan regulation relevant for the development
and operation of OWF projects in view of international regulatory experiences.

The regulatory framework shall provide the needed support in allowing for sound project development,
access, and control over sites, and to ensure a reasonable exclusivity for developers to obtain
areasonable rate of return of the investment made. It must also sustain and orchestrate a sound
process involved in at least three directions:

First, the setting out of planning tools and process, such as development and active management
of outcome related hereof to feasibility studies and assessments of risks, environmental and social
impact, and site conditions, etc. Results from this must be taken diligently into account by sound
risk management and mitigation planning.

Second, to ensure a sound level of public consultation and participation in all planning and
project stages.

Third, to ensure an efficient coordinated involvement of all stakeholders, especially amongst
all relevant public authorities needed for consent and permitting provision at national, regional,
and local government levels.

As explored by this roadmap, for offshore wind projects, the issue of location and site management

is less regulated compared to land-based facilities. For offshore projects, maritime spatial planning is
key and rather often an innovation compared to the more traditional planning on land. Not only is it an
innovation in terms of the legal framework, but also in terms of the actual implementation and need
for well-coordinated and well-integrated planning solutions and outcomes. The offshore location may
also bring about needed transnational coordination with neighbouring states and needed alignment
with shipping and other activities in international waters.

Sri Lanka is a densely populated nation that presents challenges related to land use. The scarce land
resources may provide legitimacy and support for offshore wind farm solutions. However, offshore
wind projects will require new stakeholder engagements in order to obtain consent and legitimacy of
long-term offshore wind exploration. Fishing and shipping communities, marine environment, local
population, national security, oil and gas, and transnational interests may need to be included as new
players. This may present additional challenges to the existing planning and permitting system and
impede the timely implementation of new offshore wind projects.



Furthermore, the sound development and management of offshore locations may be challenged by
nilitary and national security interests as manifested by significant secrecy and security measures in
place. Based on international experiences, this may require further efforts to ensure good planning and
coordination amongst competent authorities (civil and military) in order to provide the needed access
to site and supply lines, and to ensure proper planning, sharing of data and information, as well as
public consultation.

It is not the intention of this roadmap to provide an independent legal analysis of these aspects
but rather to assess the Sri Lankan legal and institutional framework based on consultations with
relevant stakeholders combined with desk studies and analyge its suitability to deliver offshore wind.

8.1 OVERVIEW OF THE REGULATORY FRAMEWORK

Sri Lanka has many years of experience in tendering smaller scale renewable energy projects
including onshore wind and hydro power projects, and now also in solar PV. The projects are based on
independent power producers (IPP) and public private partnership (PPP) regimes and power purchase
agreements (PPAs) based on feed-in-tariffs (FiT)'. All electricity generated by licensed producers

is purchased by the Ceylon Electricity Board (CEB), and tariffs are approved by the Public Utilities
Commission of Sri Lanka (PUCSL).

Currently, there are no offshore wind projects in Sri Lanka. Furthermore, there are no particular
offshore wind regulations in place, although the importance of enhancing self-reliance and the
continuous development of the renewable energy sector in Sri Lanka is emphasiged as a part of the
Ten Pillars of the National Energy Policy (2019) — pillar 7 with regard to renewable energy [36, 37].
Consequently, any possible OWF project launched today will need to base itself on the existing and
non-offshore wind-specific regulatory framework. Stakeholders have expressed some belief in the
ability of the current regulatory system to support the early development of OWF projects although
the stakeholders also recognize the need for a future regulatory offshore wind reform to sustain the
development of a future large-scale offshore wind market.

Such early offshore wind experiences based on the existing regulatory framework will allow for
some learning, useful for a potential offshore wind regulatory reform in the future. However, as
recommended in recent international studies related to the Sri Lankan energy sector, the regulatory
reform process is needed already now in order to sustain the sound development of offshore wind
projects [38, 22, 23, and 24]. The World Bank 2017 study observed that the current policy and
regulatory framework is not consistent in nature to fully support the development of renewable
energy projects in Sri Lanka, and a reform should also work towards disincentiviging development of
fossil-based power generation plants [23]. This links to the overall and still valid conclusion already
made in 2015 by the ADB concerning the future of the renewable energy market that Sri Lanka is still
in need of implementing the revision of the Electricity Act in 2009". ADB continues that “eliminating
this primary root of the inefficiencies in Sri Lanka’s power sector needs to be considered as the
primary rationale for further reform” [24].

16 See for instance, [95] for the establishing of 60MW wind power plants on a PPP build, own and operate contract basis, and subject to International Competitive
Bidding (ICB) — a template also available at [113].

17 The conclusions are still valid as based on stakeholder consultations. The Electricity Act has been amended in 2013 by [42], the Sri Lanka Electricity Act (Amendment)
and in 2019, a special committee was created to amend the act.
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8.2 MAIN INSTITUTIONS AND LEGISLATION

The main relevant authorities regulating, permitting, and preparing for renewable energy project

tenders are included in Figure 8-1. These key institutions are:

Ministry of Power & Renewable Energy (MoPE). The Ministry undertakes the role of overall planning
and policies and prepares energy policy, supervises the main state-owned power sector utility
CEB, the state-owned distribution utility Lanka Electricity Company, Sri Lanka Sustainable Energy
Authority, and several other state-owned entities in the energy sector [22].

Sustainable Energy Authority (SEA) [39]. Regulator role of identifying and developing renewable
energy projects, and in assisting in the development of renewable energy policies.

Ceylon Electricity Board (CEB). Role of promoting and procuring renewable energy projects, and
to purchase energy on set tariff structures, and to distribute power, as regulated by the Ceylon
Electricity Board Act, 1969 [40].

Public Utilities Commission of Sri Lanka (PUCSL)'™®. Role of regulatory oversight (i.e., tariff
structures and methodology), market regulator and protection of consumer interest. PUCSL is
the multisector regulator, which is presently empowered to perform the functions of technical,
economic, commercial, and safety regulator of the electricity industry [22].

Central Environmental Authority (CEA)™. Role of environmental impact assessment and ensuring
environmental conditions.

Board of Investment (BOI)?°. Facilitating private, including foreign, investment.

Lanka Electricity Supply Company (LECO) is the largest electricity distribution company in Sri
Lanka. LECO is a state-owned electricity company operating under the license issued under the
Electricity Act, under the regulations of the Public Utilities Commission and under the Public
Enterprise Department guidelines. The company operates under the supervision of the Ministry of
Power and Energy [41].

18  Asregulated by the Public Utilities Commission of Sri Lanka Act, 2002. PUCSL was entrusted to regulate the generation, transmission, distribution, supply, and use of

electricity by the Electricity Act No. 20 in 2009.
19  Asregulated by Central Environmental Authority Act, 1980.
20 Asregulated by the Board of Investments of Sri Lanka, 2012 (Amendment).
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FIGURE 8.1: KEY ELECTRICITY SECTOR GENERATION, TRANSMISSION, AND DISTRIBUTION

PLAYERS [23].

F} Ministry of Power & Energy
Generation CEB owned IPPs
Licensees (Hydro, Thermal, RE) (Hydro, Thermal, RE)

Transmission )
Licensees CEB (Single Buyer)

Distribution CEB CEB CEB CEB CEB
Licensees (Region 1) (Region 1) (Region 1) (Region 1) (Region 1)

Regulator: Public Utility Commission of Sri Lanka (PUCSL)

The primary legislation, in addition to the aforementioned institutional mandates, is the Electricity
Act of 2009, amended in 2013 [42], regulating the electricity sector. The act regulates the generation,
transmission, distribution, supply and use of electricity, and the procurement of new energy projects.

The environmental impact assessment (EIA), including the public consultation, is regulated by the
National Environmental Act, 2000 and specific EIA Regulations?!. The National Environmental Act also
includes public consultation as part of the EIA process [43].

Planning tools are the following:

The National Energy Policy & Strategies of Sri Lanka of 2019 sets the main objectives of Variable
Renewable Energy (VRE) projects.

The Sri Lanka Energy Sector Development Plan for a Knowledge-based Economy (2015-2025) sets
out the roadmap for Sri Lanka to be an energy self-sufficient nation by 2030 [44].

CEB Long Term Generation Expansion Plan 2018-2037, providing information on the existing
generation system, generation planning methodology, system demand forecast, and investment
and implementation plans for the proposed projects [45].

21 For VRE power plants, see [115].
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8.3 PLANNING AND PERMITTING

8.3.1 Permitting and Procurement Process

The renewable energy permitting and tendering process may appear complex in nature considering
the number of competent authorities involved??. In order to mitigate such complexity, the SEA
provides a coordinated approach facilitating an integrated approach amongst the various permitting
and competent authorities?3. The aim is to provide a well-prepared tender process to enhance
certainty related to the process itself, the obtaining of permits and PPA, and also related to improved
risk identification allowing for better risk assessment and preparation for risk management

and mitigation. The approach offered by the SEA is not a one-stop approach but is amongst the
interviewed stakeholders found to be a welcoming improvement of the former system. Successful
developers shall apply for approximately 20 relevant licensing and permits, such as an environmental
permit by CEA, a generation licensing from the Public Utilities Commission of Sri Lanka in compliance
with the Long Term Generation Expansion Plan, and a development permit based on these conditions,
and obtain approval of the PPA based on feed-in-tariffs®*.

The current renewable energy projects are based on overall prior planning undertaken by the Ministry
of Power & Renewable Energy (MoPE) and as assisted by the Sustainable Energy Authority (SEA)?>.
National planning is supplemented by local planning being revised every two years. Based on such
planning, the SEA identifies and develops the renewable energy projects, whereafter either the CEB or
the SEA — or the CEB and the SEA jointly — initiate the procurement process for tendering based on
national competitive bidding (NCB)?6. A mix of competitive procurement routes are employed. The exact
route prescribed and the exact derisking profile/split between public sector and the private developer
vary. However, the current tendering of the large-scale renewable energy projects — which in scope and
complexity are likely to resemble the future OWF projects — reveals a high degree of private financing/
request for investments and risk-taking. The process involves prequalification followed by competitive
tendering resulting in an award and an exclusive lease right for the private developer, who in return

are assigned with the responsibility to undertake the detailed site studies based on feasibility studies
undertaken by public sector. As seen in the calls for proposal, the EISA may be part of the developer’s
responsibility depending on the particular tender design. However, for some calls the EISA may also be
part of the studies undertaken by the public sector to derisk the project.

As described above, the developer is also required to obtain the permitting (assisted by the SEA as
described above), which also includes the environmental permit from the CEA, which will address all
environmental conditions.

22 The complex involvement of authorities, also beyond the main central authorities listed here, may be illustrated by the tender process for the Wind Power Generation
in Mannar — a project based on EPC and PPA contracts. In this case, the SEA involves the CEA for environmental approval. The CEA then engages the Coast
Conservation and Coastal Management Department (CCD) to lead the project for the environmental component. This calls for the involvement of the Department of
Wildlife, local authority Pradeshiya Saba, Urban Development Authority, Fisheries, Irrigation, Divisional Secretary, and Civil Aviation Authority. Presentation held 19
February 2021 by Energy Management Forum: Wind Power Generation in Mannar by Eng. Kamal llleperuma, Vice President Sri Lanka Energy Management Association
(SLEMA), copy retained by COWI.

23 See for instance SEA call for expression of Interest (Eol) for the Supply, installation, commissioning, and operation of solar PV testing facility at Hambantota Solar
Energy Power Plant, as announced at the SEA procurement site http://www.energy.gov.lk/index.php/en/procurement

24 Ingeneral, see [116], as amended in [42]. For the generation licensing, see [117].

25 For the planning of future RE project, including OWF, see the recent SEA Renewable Energy Resource Development Plan 2021-2026 at http://www.energy.gov.lk/
images/renewable-energy/renewable-energy-resource-development-plan-en.pdf

26 The tenders are presented at the procurement sites; for SEA http://www.energy.gov.lk/index.php/en/procurement and for the CEB at https://ceb.lk/tender-notice/en
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As regulated by the Electricity Procurement Rules, 2016, the tender documents also include the power
purchase agreement based on feed-in tariffs. Before launching the tender, the PUC shall approve the
tariff structure as proposed and set by the CEB. Having obtained the PUC approval, the SEA/CEB
launches the tender, which will specify the tariff and payment structures, and the terms and conditions
of the PPA.

After the conclusion of the tender process, the PUC needs to approve the draft PPA and its specifications.
When approved and when having satisfied all other conditions and permits, the developer can request the
generation license also from PUC and the development permit.

The CEB purchases all electricity generated by licensed producers in Sri Lanka. CEB sells the electricity
to consumers or to LECO being the only other licensed distributor of electricity.

8.3.2 Stakeholder Perspectives

Although planning is in place, it has been informed during the interviews that planning in the past
has not always been optimal in terms of land and site determination and preparations, and for the
delineation amongst competing interests for land use.

The interviews pointed out that a need for better planning by goning is needed for the development

of renewable energy projects. Also, long-term planning is required as different interests at offshore
locations may not be well-aligned in terms or utilizgation and access to particular areas, such as
between oil and gas and offshore wind projects. Further coordination of such offshore activities should
be addressed by enhanced and detailed integrated planning.

The interviewees also expressed some concern related to the lack of specific regulation and
coordinated approach related to the readiness of offshore wind site preparation. This is related to
the overall concern regarding the studies on site conditions as locations are not well defined and as
information and data on site condition in general (e.g., related to wind and ocean characteristics) are
not easily available.

The interviewed stakeholders did however refer to some positive recent experiences regarding project
preparation and the preparation of tender design and tender process. Here, some optimism was
specifically expressed regarding the increase in the environmental impact assessment and feasibility
studies provided by the public sector. However, it is yet to be seen whether this trend will evolve with
regard to the large OWF projects, as the current large scale project reveals a significant risk-taking by
the private developer.
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8.3.3 Discussion on Planning and Permitting

It is noted that any possible OWF project launched today will need to base itself on the existing and
non-offshore wind-specific regulatory framework. Such an approach may work provided that the
tender documents clearly will be able to accommodate the particularities of developing OWF projects.
International experiences show that such an approach may prove difficult in providing the needed
clarity and facilitation especially related to the undertaking of studies, planning, and permitting in a
market driven by significant risk-taking and financing by the private developer. Instead, the successful
development of offshore wind markets in Europa is based on dedicated and well-developed offshore
wind legal regimes. The European markets operate with detailed tender documents and specification
well-embedded within a OWF legal framework that provides certainty, reliability, and stability for the
investors/developers.

Offshore wind planning and permitting also involves additional stakeholders that may emerge and
new processes that have to be set in place. The location of offshore wind in the northwestern parts of
Sri Lankan waters may invoke transnational environmental impact assessment and planning together
with India, depending on the actual location and the international legal commitments engaged?”. It
also involves national security interests, and an active planning and possible permitting by the navy
and military. It involves maritime special planning that takes other commercial activities into account,
such as fisheries, coastal tourism industry, and shipping activities.

These shortcomings are to some degree identified by the 2019 WB/IFC study, as the study found a
need for clearer roles and mandates in permitting and more guidance, coordination, and alignment
amongst sector stakeholders, also to overcome complications of overlapping mandates. The study
also calls for a genuine one-stop approach, as project developers observe a lack of adequate support
from the government to complete the typical comprehensive approval processes within the
stipulated timeliness?®. Also, the ADR/UNDP 2017 study calls for an improved integrated national
energy policy formulation across policy and legal framework?.

Two final observations on the offshore wind permitting and the underlying studies and investigations
relate to the need for robust baseline surveys and the ESIA to be completed to GIIP, and it relates

to the alignment of regulatory framework and permitting to lender requirements to avoid delay in
financing. These aspects need to be taken into account by the SEA, the CEB, the PUC, and also the
SEA when setting the conditions and tariff structures for the particular offshore wind tender.

27  For instance, following possible bilateral agreements and/or signature to international law, e.g., the UNECE Espoo Convention on Environmental Impact Assessment
(also open for UN members beyond the UNECE), although Sri Lanka is not party to the Convention.

28 WB/Infra SAP[2], p. 10, 54, and 58.
29 ADB/UNDP 2017 [23], p. 99.
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8.4 PUBLIC CONSULTATION

Public consultation is an integrated part of the planning and preparation for renewable energy
projects. The interviews have indicated, although not in detailed manners, that the consultation
processes are not always well implemented=°.

Based on recent tenders in onshore renewable energy projects, it appears that significant focus in Sri
Lanka already is being attributed to environmental and social assessments (ESIA) and related public
consultations3'. This is a sound approach considering the ability hereof to mitigate related adverse
impacts due to the dense population, scarce land resources available and the significant social and
land rights involved. The possible future offshore location may mitigate some of these concerns
related to dense population and scarce land resources available. However, an offshore location will
most likely involve additional and different stakeholders compared to the traditional land-based
projects. This may cause some initial challenges for any environmental and social impact assessment,
as well as consultation processes, in terms of process and management of outcome and expectations.

8.5 LEASE AND LAND RIGHTS

As mentioned previously, as part of the site and project preparations, past experiences have revealed
challenges in relation to certainty in actual location and in the conditions of lease and land rights.
Offshore lease/concession of seabed for private developers is already legally possible, as seen

within the oil and gas sector under the Ministry of Petroleum and approval by the Cabinet®. It is
assumed that similar lease for offshore wind projects will be based on firm legal basis provided by the
Government of Sri Lanka.

Related to this, it has been noted that project implementation earlier was challenged by delays in
land acquisition due to uncertainty in the land lease framework, and uncertainties related to recent
significant increases in the leasing fees and lack of transparency into the allocation and valuation of
state land33. To overcome such uncertainties, the WB/Infra SAP study recoramends SEA to provide a
clear framework for land acquisition in order to identify/select land parcels including an overview of
potential locations, to provide a clear compensation scheme based on market price, and to overcome
the internal delay in government processing3“.

30 Itis noted that Sri Lanka is not party to the UNECE Convention on Access to Information, Public Participation in Decision-making, and Access to Justice in
Environmental Matters (Aarhus Convention).

31 See for instance recent 2020 request for proposal (RFP) by the Sustainable Energy Authority (SEA) based on ToR from the Central Environmental Authority (CEA) on
an ESIA for Proposed Wind and Solar Hybrid Energy Park Project in Pooneryn, procurement nr: SEA/PD/S/24/2020.

32 See for instance https://www.trade.gov/country-commercial-guides/sri-lanka-oil-and-gas
33 WB/Infra SAP 2019 [2], p. 54 and ADB/UNDP 2017 [23], p. 54.
34 WB/Infra SAP 2019 [2], p. 54.
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8.6 MARKET ACCESS

8.6.1 Public Private Partnership

Sri Lanka has for many years recogniged the significance of involving private partners to undertake
infrastructure projects based on procurement processes and competitive bid [46]. Over the years,

Sri Lanka has developed a tradition for public private partnership and involvement of IPPs. However,
the private sector involvement is not generally considered to be a success story3®, and it is also found
that the PPP regime employed seems more acceptable to domestic investors3¢. The ADB/UNDP 2017
study found that foreign and domestic institutional investors in Sri Lanka have been facing significant
barriers to investment in the renewable energy sector, with numerous risks in the form of off-taker
risk, currency risk, land acquisition, and regulatory risks3’.

Despite such challenges, it is generally recommended for Sri Lanka to look beyond publicly financed
projects and increase the share of commercial financing and encourage greater private sector
participation in order to meet its growing energy needs3®. As such, and in order to attract private
and foreign investment and to ensure bankable project structures as part of the overall enabling
environment of the energy sector in Sri Lanka, the World Bank recommends a further strengthening
of the PPP regime in Sri Lanka as part of a roadmap towards an improved power sector. The
recommendations address in particular the need for clarity in the risk allocation involved, as well as
improved transparency and clarity related to process, evaluation, government roles, and decision-
making processes®®.

8.6.2 Procurement and Contracting

The general sentiment of the interviewees reveals that the current procurement and contract regime
may provide a basic foundation to sustain offshore wind projects and attract foreign developers and
investors. However, this may be in contrast to past experiences related to government procurement
in Sri Lanka, where procurement from an international point of view could raise concern for lack of
transparency and accountability in the tender process, and where tender specifications often were
developed to suit a particular company*©.

It is also observed that the uncertainty involved in the procurement processes leads to a certain
reliance on unsolicited proposals®’. For such reasons, it is suggested to promote private participation
based on a clear procurement process with a fair and transparent set of tender rules to maximige
process efficiency, and also to maintain a multi-year pipeline of projects to continuously engage
investors for development of the sector?.

35 ADB 2015 [24], p. 28.

36  WB/Infra SAP 2019 [2], p. 16.

37 ADB/UNDP 2017 [23], p. 49s and 51s.

38 See WB/Infra SAP 2019 [2], p. 3.

39 See WB/Infra SAP 2019 [2], p. 52 and 60.

40 See WB/Infra SAP 2019 [2], p. 52s. The concern is raised as a general observation for government procurement however, under the heading of Sanitary and
Phytosanitary Measures, which may refer to different kind of government procurement than applied/expected for OWF. However, the concern raised concerning lack
of transparency and biased processes raises some overall concerns.

41 WB/Infra SAP 2019 [2], p. 53.
42 WB/Infra SAP 2019 [2], p. 52s.
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In overall terms, the Sri Lankan legal regime seems to follow international recogniged principles for
competitive procurement schemes (restricted tenders), and for traditional contract paradigms based
on PPA and feed-in-tariffs*3. This provides some comfort to the international bidders. However, as the
prevision studies have shown, issues are observed with regard to procurement and PPP. Moreover, the
current tariff reform as introduced with the Electricity Act 2009 based on a separation of the costs
related to generation, transmission, and distribution, and on recovery of all reasonable costs involved,
has not yet been fully implemented, which has led to some public distrust in the tariff system. In
addition, the current electricity tariffs are not always seen as cost-effective**. As such, the road

map should explore the need for legal reform of the tariff methodology in the Electricity Act to fully
take advantage of more adapt and flexible payment systems, which should include the possibility for
CfDs in case of a future liberalized electricity market (a likely consequence of the transnational grid
expansion in Asia — the cross-border electricity trade (CBET) initiative, see more below).

As the current renewable energy projects are relatively small scale, it could be questioned whether
the current institutional capacity and experience level will be adequately able to meet international
expectations on larger-scale offshore wind projects. Such large-scale projects call for advanced

and resource-demanding competitive dialogue and negation procurement processes, as well as
implementing contracts (e.g., EPC, DBFO, PPAs, etc.) for the effective management of larger scale
OWF projects and the complexities they involve. It also calls for flexible pricing structures based

on CfD (if the electricity market becomes further liberaliged). Some learning could come from the
experiences following the first OWF projects to come. A closer assessment of the procurement and
contracting regimes should therefore be part of a later evaluation. As a consequence of this advanced
approach, it is recommended to increase the knowledge and capacity of the Sri Lankan government in
handling and undertaking procurement processes based on international PPP experiences*®.

Foreign Investment

According to the interviews, the regulatory framework is improving in attracting international
developers and investors. Bidding and tender participation is also open for international bidders, and
company registration and business operation carry no observed difficulties for foreign companies. The
interviewees mention that the Board of Investment (BOI) may play an instrumental role in the particular
tender in order to clear such difficulties in order to ensure an even playing field for all bidders*6. However,
certain financial requirements, such as aspects regarding currency conversion/depreciation may still be
considered as major risk for foreign investors*’. Such challenges have also resulted in a decline in foreign
investments in the power sector from 2013 to 2017; however, this is primarily observed due to policy
uncertainty“®. This development may contrast information for 2016-2017 stating that general foreign
business development in Sri Lanka is growing steadily [47].

43 See for instance, [95] for the establishing of 60MW wind power plants on PPP build, own, and operate contract basis, and subject to International Competitive Bidding
(ICB) — a template also available at [118].

44 WB/Infra SAP 2019 [2], p. 4 and 12s and ADB/UNDP 2017 [23], p. x and 104ss.
45 See also WB/Infra SAP 2019 [2], p. 58s.

46  The BOI's overview of investment policies and related regulation provides guidance for domestic and foreign investors and illustrates at the same time the recent
development in policies and laws enhancing private investment and partnership.

47 See also WB/Infra SAP 2019 [2]. p. 5.
48  See also WB/Infra SAP 2019 [2], p. 5.

8 Regulatory Framework

78



The market attractiveness depends rather obviously on the OWF project opportunities and the
readiness/level of preparation of tender and project terms being offered by the Sri Lankan
government. The interviewed stakeholders were not entirely convinced that there is a potential
offshore wind market of large international scale in the near future. Perhaps in a longer ten years
+ perspective, as determination, maturing, and preparation of possible offshore wind sites will take
place, more opportunities and market attractiveness are likely to occur.

8.6.3 Sri Lankan Grid

In comparison to the European grid system and its integrated access to an almost endless market,
the OWFs in Sri Lanka may in the future provide power to be sold through an interconnector towards
the Indian and Asian market. Sri Lanka is actively addressing the use of cross border electricity trade
(CBET) initiatives as part of the National Energy Policy & Strategy of Sri Lanka“?. Nevertheless, the
domestic market may in itself provide an increasing business case as the demand for power, and the
demand for renewable energy power in particular, is rising. The future of offshore wind in Sri Lanka is
closely linked to the development of other possible renewable energy sources. As Sri Lanka most likely
also in the future needs to optimise the use of the scarce land areas, offshore wind may stand well

in this aspect taking into account that solar power is relatively land demanding. Finally, the tendencies
of green investments going virtual (i.e., VPPAs) indicated that offshore wind investments are truly
global. For such reasons, OWF projects may be an appealing business opportunity also in Sri Lanka.

8.7 INTERNATIONAL REGULATORY EXPERIENCES

To assess offshore wind market opportunities for Sri Lanka, it may be useful to draw on relevant
offshore wind international experiences and lessons learned especially from northern Europe®0-5',
Any comparison between jurisdictions and markets shall be approached with caution as conditions
typically vary. However, although it is not the aim of this study to provide a comparison with the
Sri Lankan regulatory regime, the lessons from Europe provide inspiration as a well-regulated,
integrated and transnational system, and as the European supply chain for offshore wind farms is
mature and competitive, serving not only wind farms in Europe, but also some wind farms in more
distant countries®. Companies from the UK, Denmark, Germany, and the Netherlands are the
main participants in the supply chain, since the seas bordering these countries have seen the most
growth in offshore wind®3.

49  See note 12 and points 3.111 and 41.1a of the National Energy Policy and Strategies of Sri Lanka: To realige energy security, feasibility of cross border electricity
transfer with countries in the region will be studied and documented by end 2021, and viable cross-border electricity transmission and cooperation with countries in
the region will be pursued on the basis of multilateral power pool operation.

50 Hohe See [106]
+ Hornsea Project One [112]
Please note that this section is detailed on the Danish and UK regimes. For a further comprehensive overview of international regulatory practise and experiences,
please see the recent World Bank Group's 2021 report “Key Factors for Successful Development of Offshore Wind in Emerging Markets”. [17]

51 Regulatory lessons for this study are derived primarily from examples of OWF projects (recently in operation or planned), and based on the information provided:
- Denmark’s Energy Islands [96]
+ Kriegers Flak [97]
+ Baltic 2 [98]
+ Hesselg Offshore Wind Farm [99]
+ Thor Offshore Wind Farm [100]
- Nearshore Wind Tender [102]
- Walney Extension [103]
+ Horns Rev 3 [104]
+ Beatrice Offshore Windfarm Ltd [105]
+ Hohe See [106]
+ Hornsea Project One [107]

52 The UK regulatory approach in planning and consenting, as well as in the supply chain related to all project phases is well documented in BVG Associates’ 2019 “Guide
to an Offshore Wind Farm. The guide lists the authorities, functions, supplier names, costs, key facts, and scope for supply chain items in each project phase from
development all the way through decommissioning. Even though the guide is focused on the UK, the information given generally provide a good representation of the
European market, since co-operation is common [49].

53  For the Danish regulatory approach, see the DEA's Energy Policy Toolkit [108], which provides a good overview of OWF planning and consents. As from 2015, the
details of the legislation have changes, but the general legislative process is still the same.

79 Offshore Wind Roadmap for Sri Lanka


https://www.enbw.com/renewable-energy/wind-energy/our-offshore-wind-farms/hohe-see/
https://www.power-technology.com/projects/hornsea-project-one-north-sea/
https://www.enbw.com/renewable-energy/wind-energy/our-offshore-wind-farms/hohe-see/
https://www.power-technology.com/projects/hornsea-project-one-north-sea/

In Europe, specific offshore wind national legislation addresses and directly encourages the
development of OWF projects. Such legislation provides the needed certainty and stability to

attract investments and developers. With this framework as a basis, public regulators prepare and
manage the tenders in effective manners and include the public and other stakeholders in facilitating
consultation and participation processes. The Danish and Dutch offshore wind legislation is for
instance typically available in English and is based on same regulatory concepts®.

The advanced European offshore wind market and regulatory framework is useful for three reasons:
First, the European market and regulatory regime are products of a learning process. Second,

being advanced provides useful benchmarking for global market standards and local regulation.

Third, the European offshore wind market and regulatory framework to a large extent sets the bar

for international investors’/developers’ expectations and interests when assessing global market
opportunities for bankable investments. An investment regime based on regulatory certainty

and reliability in terms of market access and during implementation may prove to be a preferred
business case. However, these aspects shall be seen in the specific context of each individual

project opportunity as local projects may have unique attractiveness for international investors beside
the aforementioned.

8.7.1 Planning

The key for any successful offshore wind is a well-planned process. It is a process being characteriged
by complexity in managing the many interfaces, risks, and interests involved, such as securing and
sustaining a long-term partnership with a private contractor, ensuring optimal bankability and best
competitive prices based on predictability and certainty in risk allocation, risk mitigation, and contract
management.

Planning Based on Long-Term Goal

OWEF projects are typically addressed in long-term national planning and further detailed by planning
and specific legislation providing the legal mandates needed. The planning will also initiate the early
consultation processes involving stakeholders and the public in general. These processes are useful in
stimulating the needed legitimacy for the projects to come and to alert the market investors of possible
new project opportunities.

Integrated National and Transnational Planning and Coordination

The locations of OWFs in the North Sea and the Baltic Sea are characterised by waters being
shared by many states and being used as some of the busiest shipping routes in the world. As such,
in addition to national planning requirements, a significant element of transnational planning and
organigation takes place. EU and national legislation, including international legislation (e.g., the
Espoo Convention) and the regional sea conventions (i.e., OSPAR and HELCOM), require national and
transnational environmental, social, and economic impact assessments, maritime spatial planning,
and public consultation.

54 The Danish regulation provides an example: The conditions for offshore wind farms are defined in the Promotion of Renewable Energy Act. In chapter 3, it is stated
that the right to exploit energy from water and wind within the territorial waters and the exclusive economic gone (up to 200 nautical miles) around Denmark belongs
to the Danish State [109].
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It is also a market driven cooperation and coordination amongst TSOs in the region encouraged by EU
legislation and a market approach to optimige/utilige capacity based on economy of scale>.

National and EU legislation require that offshore planning is based on an integrated approach. It follows
from EU marine and maritime legislation, and from the Regional Sea Conventions that EU member
states individually and in transnational coordination shall obtain planning taking all activities into
account. The planning will in detail prepare for further development of OWF sites and ensure alignment
with other planning and area use, such as for national security of military and navy purposes. It is
not per se, a system that eliminates the secrecy and priorities associated with national security but
rather a system that ensures coordination amongst interests.

8.7.2 Integrated Permitting

The national permitting for the development of offshore wind is primarily based on an integrated
permitting system amongst authorities and a one-stop approach. This means that the applicant

in most cases may only refer to one entry point, and that permitting will be coordinated between
authorities as far possible. It should be noted, however, that all competent authorities will be
involved and will issue permit conditions to be fulfilled by the developer. However, it is a system that
significantly eliminates uncertainties related to the process, timing, and outcome of any system
involving many permitting authorities, including authorities safeguarding national security issues.

As an example, in Denmark, three licenses are required to establish an offshore wind farm [48]. The
three licenses are granted by the Danish Energy Agency (DEA), which serves as a “one-stop-shop” for
the project developer. The three licenses are:

1. License to carry out preliminary investigations

2. License to establish the offshore WTGs (only given if preliminary investigations show that the
project is compatible with the relevant interests at sea)

3. License to exploit wind power for a certain number of years, and an approval for electricity
production (given if conditions in license to establish project are kept)

The three licenses are given successively for a specific project. Furthermore, it is necessary to perform
an EIA if the project is expected to have an environmental impact. So far, it has been necessary to
perform an EIA for all existing Danish offshore wind farms.

An integrated one-stop approach is not without several application phases in time and content.
Depending on the tender terms, the successful winner may be required to follow-up and/or undertake
specific permitting requirements as part of the project preparation and the undertaking of the EPC
contract and possible following O&M contract. The level of involvement of the developer and the
degree of risk attributed depends on the specific project. However, in order to eliminate uncertainty,
European offshore wind tenders are typically well-prepared in order for the developer to take
advantage of already issued permits and/or apply for permits based on well-developed feasibility
studies and impact assessment.

55  The owners of the wind farms Kriegers Flak and Baltic 2, for example, have recently completed a joint 10-year project together with TSOs Tennet and 50Hertz to make
the world’s first combined grid connection between two wind farms [110].
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Institutional lead agency is typically within the ministry of energy, being the energy agency — such
as the Danish Energy Agency (DEA) — or an agency within management of natural resources and/or
renewable energy infrastructure.

In the UK, the permitting system is also streamlined in five aspects [49]:

1. Before the consenting process can begin, the developer must secure a seabed lease by The Crown
Estate (in 2017, a new body, Crown Estate Scotland, was formed to own and manage the seabed
in Scottish Territorial Waters and adjacent areas of the United Kingdom Exclusive Economic Zone).
The Crown Estate retains responsibility for the seabed in England, Northern Ireland, and Wales.

2. Offshore wind projects of more than 100MW installed capacity in England and Wales are
defined as nationally significant infrastructure projects (NSIP) and are examined by the Planning
Inspectorate.

3. The Secretary of State for the Department for Business, Energy, and Industrial Strategy (BEIS)
grants or refuses consent based on a recommendation made by the Planning Inspectorate. In
England, a Development Consent Order is granted under the Planning Act 2008 (as amended)
which incorporates several consents, including a marine licence and onshore consents. In Scotland,
Marine Scotland examines applications for the offshore works and Scottish Ministers grant or
refuse consent under the Marine (Scotland) Act of 2010 (up to 12nm from shore) and the Marine
and Coastal Access Act 2009 for projects 12-200nm from shore.

4. Astreamlined process incorporates consent under Section 36 of the Electricity Act 1989 in parallel.

5. Onshore consent including where the transmission cable landfall is awarded by the relevant local
planning authority (LPA), except where a project is handled under an NSIP in England and Wales, in
which case the onshore consents are considered within the NSIP process. Developers typically build
internal teams of about up to 50 staff during the development phase, which contract specialist
packages of work to environmental and engineering consultancies and data acquisition and
analysis companies.

8.7.3 Concession/Use of Site

The successful developer of an OWF site obtains a legal right for site access and concession of
exclusive site exploration based on a long-term contract. The rights following the concession can be
based on use, rent, or lease contract terms as an integrated part of the project agreement or the PPA.

The contract will stipulate the terms for site conditions, the construction of the OWF, the use of

the site and the exclusive exploration. It will also include access areas, pipelines, and submarine cables.
Depending on the terms of the tender and the contract, the developer may also be responsible for
areas and pipelines at land until the designated connection point(s) to the grid system.

As explained, the Crown Estate/Crown Estate Scotland provides seabed leasing. In Denmark, this is
provided by the Danish Energy Agency.
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8.7.4 Market Access

Access to the European market is based on well-established procurement processes. Procurement
takes place as a result of long-term planning and takes direct advantage of a liberalized and
competitive energy market to meet the ambitious renewable energy policy goals and agendas at
national and EU levels. As part of the procurement process, the competitive approach amongst
bidders is deliberately being employed in terms of negotiation during procurement with the aim of
empowering public private partnerships to utilige and tap into existing cutting-edge knowledge,
expertise, and resources to develop, finance, and to implement offshore wind projects. This
approach also typically involves a degree of well-balanced local content requirements to stimulate
its domestic industry without jeopardiging the market attractiveness for foreign investors.

Derisking

The public private partnership allows for early involvement in the process, which again allows for
securing an early-partner commitment to the project even before award of contract, to mitigate
uncertainties and risks identified, and to obtain valuable insight from the bidders to further refine the
details of the procurement material, such as technical and commercial details.

The market and the project owner itself need a certain level of project certainty and predictability
to assess the attractiveness of the project. This calls for clear risk allocation and work division for
both developer and the owner during construction and implementation, and the undertaking hereof
must be reflected realistically in the implementation plan of the project. If such is not in place, there
may not be any or limited participation/bids or that the prices offered will be high to cover the
uncertainties. Additionally, there may be a risk of the developer defaulting during implementation
if certainty is lacking. This means that projects to the extent possible are being derisked by well-
prepared tenders and risk identification based on impact assessments and feasibility studies.
Derisking also takes active part of the procurement negotiation itself, allowing the parties to
identify risks, provide for agreed risk allocation within the tender requirements and to establish risk
management and risk mitigation schemes.

In addition to certainty concerning site condition, access areas, and connection points/interfaces,
certainty is also required by the legal and regulatory framework. The tender must be clear in
designating contracting authority and outlining the process required, including permitting. Each bidder
must undertake legal due diligence to identify possible regulatory shortcoming and risks, and these
shall be addressed during the procurement stage.

Besides certainty in public law, legal certainty also requires certainty in clear contract terms between
the parties. Contract format follows international recogniged formats and regimes based on clear
contract structures, such as EPCI (engineering, procurement, construction, and installation), design,
build, finance, operate (DBFO), power purchase agreements (PPAs), and single or multi-contract
regimes. A significant risk allocation is typically addressed by the price and payment structure
involved. Feed-in-tariffs that were common in the past have been replaced by a structure based on
‘on-going’ market prices with derisking caps for both developer and contractor (e.g., based on CfDs).
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Contracting and Procurement Strategy

This calls for a clear procurement strategy as part of the early stages of the planning for the project.
As recent European offshore wind project experiences show, current procurement involves the following
major categories which should be considered at an early stage:

Market sounding is used prior to the launch of the official procurement to initiate an investigation
into the current appetite/interest amongst the potential bidders at the international market.

This insight is key to target the launch of the procurement and to level/optimige the details of the
procurement material and the project conditions.

Public tendering or auctions based on negotiation with prequalified highly eligible bidders. This
allows for securing an early partner commitment to the project even before award of contract,
to mitigate uncertainties and risks identified, and to obtain valuable insight from the bidders to
further refine the details of the procurement material, such as technical and commercial details.

Use of internationally-recognized procurement processes and contract regimes (e.g., EPCI/
turnkey, single or multi-contract regimes, DBFO, O&M) tailored with specific conditions relevant
for the particular project. Use of such recogniged regimes enhance certainty and stimulate the
interests for the project amongst international bidders.

Price structure based on on-going market prices with derisking caps for both developer and
contractor (e.g., based on CfDs).

Bidders to take more risk and responsibility for connection grid and points (both in terms of
construction and/or operation) towards TSO even at shore.

Site preparations depending on the actual project. Where such preparation already is provided
for by the government (e.g., initial environmental impact assessment (IEIA) to identify fatal flaws
(if any) and pre-feasibility studies), it may constitute a derisking for the private developer (all
depending on the tender terms) and procurement time may be shortened and to some extent also
allow for certain derisking for the contractor.

The sound procurement and contracting of a large-scale offshore wind farm has a major

influence on the success of the project. The costs involved and potential for profit or loss is much higher
in comparison to smaller scale onshore wind farm projects. Therefore, the consequences of a poor
contracting and procurement strategy can have a serious impact on the project financial performance.

8 Regulatory Framework
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European Grid

Market attractiveness is also sustained by a high level of European market access by a well-
integrated, well-established, and stable grid system. Seamless integration amongst European states
and markets, which promotes stability, and security are largely based on EU legislation and provides
the investor or developer — and also the off-taker — with a high degree of certainty in terms of grid
and supply certainty even in peak times and during fall-out events. The European energy market

is characteriged by high demand for renewable energy solutions, several national markets located in
relative closeness to the OWF sites, and a public and commercial willingness to support the further
development of offshore wind>®. The concept of multi-linking is also seen as an efficient way to take
best use of resources and can be expanded and enriched with energy storage capabilities or

PtX technologies®”.

These facts stimulate the interests amongst investors, developers, and off-takers to embark on
larger OWF projects, which may be costly but also likely to be profitable. These facts also stimulate
virtual investments in the European market from the world outside. The tendencies of green
investments towards virtual PPAs (VPPAs) based on an increased focus on price structures based on
CfDs illustrates that the global energy market and related global competition in terms of attracting
investors and also in terms of competition amongst the investors themselves truly are borderless.

Allow for Exploration and Exclusively Unless Reserved by Law or Planning

As part of the liberaliged market for offshore wind, and to stimulate private development of

offshore wind, the Danish legislation allows for active pre-investigations of possible offshore sites

by private developers. Such pre-investigation will address and assess all relevant conditions related
to the environmental issues, wind resource and ocean currents, and impact on shipping and other
infrastructure. Based on an application from a private developer, exclusivity by the government may be
granted for within a set timeframe to undertake such exploration and if positive conditions are found
and approved, development and operation of the offshore wind may be granted under set terms.

This option is only valid for offshore wind eligible sites not reserved, used, or prohibited by planning,
use, or law. This also means in practical terms that applications will not be granted for offshore wind
sites reserved, or under consideration for being reserved, for public tendering by the government.

56 No viable technical solutions allow a large-scale wind farm to run without grid connection. Battery storage solutions are economical for use during a limited time on
very small scale (less than 100MW) wind farm. PtX technologies are promising, but have not yet been applied to offshore wind and would and carry a very high risk in
the first few applications

57  As Europe looks toward 180GW in the North Sea, such ene