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New and Emerging Renewable Ocean Energy Technology 
over the next ten years

Land-based solar and wind energy are mature forms of renewable 
energy (RE) technology, and they continue to improve over time. 
They have benefitted from favorable policies that have allowed them 
to advance, in some cases, to be price comparable with fossil fuels, 
without government assistance. Yet East Asia’s unique geography 
increasingly points towards incorporating ocean-based renewable 
energy as a part of the renewable energy mix. Policy makers can rely 
on a blend of existing policy tools that have helped spur land (and 
water) based solar and wind energy to the forefront, as well as other 
policy tools to spur more emerging forms of ocean-based energy, in 
order to meet climate change related regional and national goals.

International Efforts on Sound Renewable Energy

The U.N. Sustainable Development Goal (SDG) most relevant to 
renewable energy is SDG 13 (Take urgent action to combat climate 
change and its impacts), specifically SDG 13.2,b 13.3c and 13bd. The 
Paris Climate Agreement’s Articles 2 and 41 also speak to the urgency 
of nations setting national CO2 emission reduction targets and using 
the best available science to achieve these goals. 

Europe is the global hub and testing ground for wave and tidal 
technologies. The Technology Collaboration Program on Ocean 
Energy Systems (OES) is an intergovernmental collaboration between 
24 countries and the European Commission,2 established in 2001 
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a        PEMSEA’s definition of blue economy is a practical ocean-based economic model using green infrastructure and technologies, innovative financing mechanisms and proactive 
institutional arrangements for meeting the twin goals of protecting our oceans and coasts and enhancing its potential contribution to sustainable development, including 
improving human well-being, and reducing environmental risks and ecological scarcities (Changwon Declaration, 2012).

b        Integrate climate change measures into national policies, strategies and planning
c        Improve education, awareness-raising and human and institutional capacity on climate change mitigation, adaptation, impact reduction and early warning
d        Promote mechanisms for raising capacity for effective climate change-related planning and management in least developed countries and small island developing States, 

including focusing on women, youth and local and marginalized communities
e        Established in 1974, the International Energy Agency (IEA) carries out a comprehensive program of energy co-operation for its 29 member countries and beyond by examining 

the full spectrum of energy issues and advocating policies that will enhance energy security, economic development, environmental awareness and engagement worldwide.
f        Stage-gate is a method-to launch process for managing new product development.  See https://www.stage-gate.com/resources_stage-gate.php.

under a framework created by the International Energy Agency.e 
In 2017, OES released a report that summarized its members’ 
perspectives on what policy instruments would help accelerate 
development of the ocean energy sector. Participants expressed 
preference for long-term oriented policies, and that R&D funding be 
risk-tolerant, with stage-gatesf and a lifecycle assessment; they also 
preferred policies that “incentivize accomplishment of important 
R&D goals, such as a prize for continuous device performance in a 
real operating environment.”4 In other words, because ocean-based 
RE technologies are riskier than other forms of RE, policymakers 
should craft incentive-based policies that reward progress as certain 
milestones are met along the way, as opposed to policies that 
would revoke funding if a certain milestones are not met within a 
predetermined timeline, and risk leaving the project “hanging” with 
insufficient support to be completed.

• East Asia’s energy demands are expected to increase by 
50% due to a rapidly-growing economy

• External costs related to air pollution from the combustion 
of fossil fuels will increase by 35% (to US$225 billion in 
2025) and energy-related CO2 emissions are expected to 
increase by 61% under a business as usual scenario.3

Facts and Figures: East Asia Energy Demands

POLICY BRIEF FOR THE BLUE ECONOMYa
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The European Technology and Innovation Platform for Ocean Energy 
(TP Ocean) identifies six essential priority areas to be addressed to 
improve ocean energy technology and decrease its risk profile, namely:

• Testing sub-system components and devices in real sea conditions.
• Increasing the reliability and performance of ocean energy devices 

allowing for future design improvements
• Stimulating a dedicated installation and operation and 

maintenance value chain, to reduce costs.
• Delivering power to the grid, with hubs to collect cables from ocean 

energy farms and bring power to shore.
• Devising standards and certification, to facilitate access to 

commercial financing.
• Reducing costs and increasing performance through innovation 

and testing.

These areas were the starting point for the Ocean Energy Forum, 
bringing together more than 100 ocean energy experts over two years, 
to develop a Strategic Roadmap.

and generating 630 MW.5 In mid-2017, a record-setting 29.8% of UK’s 
energy was generated by RE sources, and nearly half of that clean 
energy came from wind alone (27% onshore, 18% offshore).6 Portugal 
recently received assistance from the European Commission to 
support the country’s innovative 25MW “Windfloat Project.” Instead 
of being fixed to the ocean floor, these floating windmills allow the 
turbines to be placed farther offshore in deeper waters, to take 
advantage of higher wind speeds.7

Tidal Power 

As the global leader in tidal energy, the UK has the geographic ability 
to harness 50% of Europe’s tidal energy.8 The UK’s heavy investment in 
tidal R&D has given the country an edge in spreading the technology 
abroad. Its European Marine Energy Center (EMEC)9 runs numerous 
wave and tidal energy test sites across Scotland’s Orkney Islands.10 
(Neighboring Ireland invites global companies to test their ocean 
technology at its three government-funded test facilities.11) 

British companies owe much of their success to the UK’s enabling 
regulatory structure, including a proactive approach on where to site 
projects, public funding, market-based incentives and the creation of 
the “Wave and Tidal Energy Demonstration Scheme” in 2006, which 
provides grants for pre-commercial demonstration of ocean energy 
projects.12 The UK’s investment at the national level has generated 
income for British companies as they explore tidal energy feasibility 
at home, in Europe and in East Asia. In 2017, a Scottish company 
completed the first grid connected offshore array of tidal energy 
turbines in Scotland. Its success led the company to win an EU project 
grant for nearly €15 million to work with others in enabling tidal energy 
across Europe.13 There is also a skills-transfer component outside of 
the EU. In 2015, the British government allowed UK project developer 
SBS to transfer its tidal-stream technology from the UK to Indonesia, 
so that SBS and the Indonesian state-owned electricity company could 
construct “the first commercial-scale ocean energy power generation 
facility for Indonesia.”14 SBS subcontracted to Atlantis Resources of 
Scotland to provide the turbines and engineering resources for the 
three tidal energy stations to be located near Lombok and Bali, to 
yield about 150 MW total.15 Expected to be complete in 2018, the 50% 
foreign staff are to be transitioned to 100% Indonesian staff. This 
could lead to another East Asian center of expertise (alongside RO 
Korea and China) in the field of tidal energy.

Germany competes with the UK as a European powerhouse on wave 
and tidal power, due to a variety of favorable policies. Its revised 
Renewable Energy Sources Act lowers the cost of RE and reduces 
reliance on fossil fuels. The Act set ambitious targets for Germany to 

In the EU’s Ocean Energy Strategic Roadmap, ocean energy 
development is broken down into five main development 
phases: R&D; Prototype; Demonstration; Pre-Commercial; 
Industrial; Roll-Out. For each phase of development, different 
technological, financing and regulatory challenges must be 
overcome to address the six priority areas. These challenges 
require actions from all stakeholders and fit-for-purpose public 
and private funding and financing solutions. 

The Roadmap puts forward four key Action Plans focused on 
maximizing private and public investments in ocean energy 
development by de-risking technology as much as possible, 
ensuring a smoother transition from one development phase to 
another on the path to industrial rollout and a fully commercial 
sector.

Ocean Energy Strategic Roadmap: Building 
Ocean Energy for Europe

Offshore Wind

The UK and other northern European countries lead globally on 
offshore wind. The largest wind farm in the world just went live in 
2017 off of the UK’s coast, made up of 175 individual wind turbines 
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source fully-integrated RE for 35% of its overall energy consumption 
by 2020 and 80% by 2050.18 Spurred by this policy environment, the 
country has around 15 R&D institutes and universities that are involved 
in developing wave and tidal power; by 2015 the federal Environment 
Ministry had funded six tidal/wave pilot projects in the EU for €7 
million.19 One innovative aspect of German law is that it “expedites 
the approval of offshore renewable energy projects by considering 
authorization a nondiscretionary administrative act,” meaning that 
projects are swiftly approved unless there is a specific reason for 
rejection.g

 
Regional and National Policy Efforts to Research and 
Scale up Renewable Ocean Energy

In Southeast Asia, the Philippines, Thailand and Indonesia have all 
made renewable ocean energy a part of their RE plan or portfolio.20 
Japan has explicitly included “wave energy, tidal energy, ocean current 
energy, and ocean thermal energy” as part of its 2nd Basic Plan on 
Ocean Policy and its demonstration projects are ongoing through 
March 2018.21 Both Singapore and China are vying to be the regional 
hub for ocean energy R&D, much like the UK is for Europe. These 
proactive steps echo the recommendation of an Intergovernmental 
Panel on Climate Change (IPCC) report addressed to policymakers—
that ocean energy “could benefit from testing centers for 
demonstration projects, and from dedicated policies and regulations 
that encourage early deployment.”22 Singapore is actively attracting 

foreign firms to set up regional subsidiaries and generate homegrown 
talent, investing in research and infrastructure development and 
providing a steady “customer” by requiring that the government 
purchase renewable power.27 China wants to become a regional testing 
ground for wave and tidal energy, and RO Korea currently leads the 
world with the largest tidal energy plant.

Market-based Incentives and Feed-in-tariff Policies 
in East Asia 

In East Asia, feed-in-tariff (FiT) policies—where the electric utility 
buys clean energy from the producer under a multiyear contract at a 
guaranteed rate—have been the most popular incentive employed by 
governments to spur the wind and solar sectors (on land and water). 
This guaranteed, fixed rate allows the private sector to plan projects 
with a known return on investment, rather than being left exposed at 
project completion to the going market rate for RE at that time. 

The Association of Southeast Asian Nations (ASEAN) has set an 
aspirational goal of generating 23% of its energy from sustainable 
renewable sources by 2025 (a 2.5x increase from 2014 levels).28 East 
Asian policy makers are primarily choosing market-based incentives to 
regulate and spur the RE sector in general. East Asian countries should 
not underestimate the impact that these more “traditional” policy 
measures could have on renewable ocean energy. The authors of a 
UNESCAP paper applauded the feed-in-tariff (FiT) approach to solar 

g    For example, if a proposed project would threaten safe ship navigation or harm the marine environment.

Foreign Direct Investment (FDI) Wave Energy Not Yet Commercially Viable

Transitioning to RE sources typically requires a significant 
financial investment.  A 2017 United Nations Economic and 
Social Commission for Asia and the Pacific (UNESCAP) 
paper advocates for “foreign direct investment as one of the 
most efficient and practical ways to enhance development of 
the renewable energy sector” in lower-income countries, citing 
the “transfer of technology and expertise” to the host country 
and creation of “green jobs.”16 While FDI creates roughly 2 
million new jobs per year, policy makers should note that it only 
benefits the host country if certain checks are in place—namely, 
that FDI is “supported by strong, transparent government 
institutions, focused in sectors that have high potential to link 
with the local economy, and takes advantage of a local labor 
force able to absorb knowledge and skills that can help spur a 
dynamic local industry.”17

Studies have shown that there is an enormous amount of 
potential energy to capture from wave energy,23 which is why 
there has been such extensive investment in the sector.  Current 
estimates of wave energy potential in Southeast Asia find that it 
is substantial albeit highly variable; the data is incomplete and 
there are distinctions between theoretical energy potential and 
what could actually be harnessed in practice.24 While the UK 
could capture up to 35% of Europe’s potential wave energy,25 and 
it is very active in R&D and demonstration projects, the sector is 
“decades behind…other forms of ocean energy—and substantial 
money and research is still needed.26 There is no consensus on 
the optimum design of the devices used to capture wave energy, 
and there remain maintenance challenges associated with 
large metal parts moving in corrosive sea water.  Wave energy 
technology is not yet commercially viable as of 2017.  
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as “one of the most widely adopted subsidy-like policies to spur the 
uptake of indigenous renewable energy for the last two decades,” and 
they believe that its recent adoption in half of the ASEAN countries and 
China has spurred “the rapid development of solar and wind energy 
markets.”29

 
Generous policy support spurs more efficient technology, which can 
lead to “grid parity,” i.e., when subsidies are no longer required as a 
mechanism to compete against fossil fuels. The Asian Development 
Bank has noted that only two years ago, solar relied on FiTs and is now 
at grid parity or cheaper than fossil fuels in many countries.30 Many 
of the examples31 demonstrate the impact that FiTs have had in solar, 
and when combined with other beneficial policies and grid upgrades, 
illustrate the parallels that could take place with ocean-derived power 
when FiTs and other market incentive policies are applied to tidal, wind 
and OTEC.

China supports FiTs for electricity from RE sources, charges energy-
intensive industry higher rates for electricity and has also piloted 
an emissions cap and trade scheme that incentivizes low-emission 

energy generation technologies. It is leading the region on RE policy. 
In January 2017, the National Energy Administration ordered a halt 
on the construction of over 100 coal-fired power plants (across 11 
provinces) with a combined installed capacity of over 100 gigawatts.32 
It also invested more money in renewable energy (US$1.9 billion) in 
2016 than any other country in the world,33 and it is the global leader 
in floating solar projects. In June 2017, China completed the largest 
floating solar power plant in the world at 40 megawatts (MW),34 and 
by the end of 2017 it will finish another floating solar project that will 
deliver 70 MW.35 This planned facility also has a restorative feature in 
that it can also clean the water on which it is floating.36 Incentivizing 
this technology through policy could allow countries to rehabilitate 
polluted waterways and generate power at the same time.

Offshore Wind

China is swiftly installing an enormous number of offshore wind farms, 
bringing it to third in the world behind the UK and Germany.37 Asia led 
the world in the number of new offshore wind installations in 2016, 
and China’s cumulative wind power installations are 3.4 GW more than 
all of the EU combined.38 China also has the largest number of offshore 
wind energy projects in the planning and construction phase and the 
government has a clear mandate to accelerate and promote offshore 
wind,39 based on, in part, the State Oceanic Administration’s 12th and 
13th Five-Year Plans for Development of Marine Renewable Energy. RO 
Korea, Thailand and Japan have formed governing bodies to finance, 
execute and maintain, respectively, proposed offshore wind farm 
installations.40

Taiwan’s Bureau of Energy in the Ministry of Economic Affairs initiated 
the Thousand Wind Turbines Project in 2012.41 The goal is to install 
450 onshore and 600 offshore wind turbines by 2020 and 2030, 
respectively; its feed-in tariff scheme also provides roughly 9 U.S. 
cents per kWh for onshore wind vs. 19 U.S. cents per kWh for offshore 
wind.42

Tidal Power

RO Korea’s national R&D program on ocean energy resulted in the 
construction of tidal power, tidal current energy, wave energy and 
ocean thermal energy conversion power plants. The country’s strategic 
plan for ocean energy development has a 2030 goal of supplying 11% 
of the country’s energy from renewable sources, with 4.7% coming 
from renewable ocean energy. Its FiT for ocean energy applies 
only to tidal barrage power.43 With this policy landscape and public 
investment, the most famous outcome is the tidal barrage located in 
Sihwa Lake—the largest in the world. Built in 2011, the “552.7 GWh 
of electricity generated from Sihwa tidal power plant is equivalent to 

1. RO Korea provides tax exemptions for biofuel, has 
removed a subsidy that supported coal mining, has 
enacted emission trading legislation and has a voluntary 
emission reduction program known as a tradable 
Renewable Energy Certificate.   

2. Malaysia provides credit guarantees for green 
technologies, adopted a FiT under the country’s 2011 
Renewable Energy Act and introduced a net metering 
scheme (NEM) in 2016. 

3. Japan assesses an emissions tax on high CO2-emitting 
vehicles and electricity derived from non-renewable energy 
sources. 

4. Singapore invested US$700 million into public sector 
R&D for urban solutions and sustainability, to “strengthen 
Singapore’s innovation capacity in areas such as clean 
energy, smart grids and energy storage.” 

5. Thailand provides solar projects with the highest FiT 
subsidies in the region and produces more solar energy 
than all other countries in Southeast Asia. 

6. FiT program “drove solar PV development in the 
Philippines into high gear” by connecting 903 MW of PV 
solar by end of 2016 and NEM schemes spurred market 
for home-based panels. 

Market-based Incentives in East Asia
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862,000 barrels of oil, or 315,000 tons of CO2,”
44 and more than 

doubled the amount of renewable ocean energy in the world at the 
time.45

In 2017, China built a US$300 million laboratory campus and has 
consulted with EMEC to create a Chinese Marine Energy Center 
(CMEC)46 to follow EMEC’s success and make China a regional 
testing facility for tidal and wave energy. In 2016 alone, the country 
poured over $15 million into six tidal and wave R&D projects, 
has had three different agencies either amend or create new 
regulations to promote marine RE (50 MW worth of demonstration 
projects by 2020) and provided market incentives to address smart 
grid challenges via its “Guidance on Promoting the Development 
of the Internet + Smart Power” to “build an intelligent system of 
energy consumption and improve the proportion of RE as well [as] 
distributed energy in the electricity supply.”47

Ocean-derived Thermal Energy

RO Korea and Japan have small operational OTEC plants primarily 
because the owners are interested in selling the proprietary 
technology associated with the plant, and not the electricity 
itself.51 In 2011, the Philippines announced that it would have 

Ocean-derived Thermal Energy Demonstrations

the world’s first commercial OTEC facility by 2018. Unfortunately, 
regulators did not provide a FiT rate for OTEC, as it had done with 
other RE sources, thereby delaying the project indefinitely.52 

Ocean thermal energy conversion (OTEC) technology requires 
that warm surface water temperatures and cold deep water 
temperatures have a gradient of at least 20oC, so it is primarily 
an option for tropical countries where these conditions are 
possible.48 OTEC plants worldwide currently exist only as 
demonstration projects, and produce little energy (just 1 MW 
of power).49  In 2013, a Chinese developer and a U.S. defense 
contractor partnered to create a 10-MW OTEC facility to power 
a resort community off the coast of China; the facility is still 
under development.50  Public entities continue to fund OTEC 
technology R&D, as it is one of the few sources of renewable 
ocean energy that remains constantly “on” at all times.

Sihwa Lake Tidal Power Plant
 - Capacity of 254MW (25.4MW x 10)
 - 8 Sluices
 - Completed in 2011

Jeju OWC Wave Power Pilot Plant
 - Capacity of 500kW (250kW x 2)
 - Impulse turbine of 1.8m(dia.), 26 blades
 - 37.0m(L) x 31.2m(B) x 27.5m(H)
 - Completed in 2016

Goseong OTEC/SWAC Pilot Plant

60RT SWAC 200kW OTEC

Uldolmok Tidal Current Power Pilot Plant
 - Capacity of 1,000kW (500kW x 2)
 - Helical type Vertical Axis Turbine
 - Completed in 2009

Ocean Energy Development in RO Korea since 2000
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The aforementioned examples of policy innovations can be a 
foundation upon which to build a regional blue economy plan for 
East Asian renewable ocean energy. The plan could consider the 
following elements:

• Taking stock of how governments will meet their climate 
commitments and protect their people from pollution by 
evaluating RE possibilities on land and in water. More 
mature technologies generally benefit from market-based 
incentives such as FiTs. Emerging technologies generally 
benefit from expenditure support policies that provide 
capital up front, though have also benefitted from FiTs.

• Pursuing technologies that most fit with their geography 
and current level of expertise in the field. For example, it is 
far more rewarding from an environmental and economic 
perspective to invest in tried and true technologies such as 
onshore and offshore wind and solar, and possibly explore 
tidal energy feasibility only if geographically appropriate.

• Investing in improved infrastructure and a smart grid 
to ensure that these variable and distributed sources of 
renewable energy can be used to their fullest potential. 

• Supporting research in RE to substantiate investments in 
commercial options, including commercial-scale wave or 
OTEC energy.

Exploring a Policy Framework for the Renewable Ocean Energy Sector in East Asia

6 
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