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EXECUTIVE SUMMARY

Ocean renewable energy (ORE) is notable as an emerging sectormoaritivae industry.
Chi na, the worlddés biggest energy consumer,
proposing higher green power consumption targets, also in the ORE area. Achieving the needed
renewable energy transition will not only mitigatenwte change, but also stimulate the
economy, improve human welfare and boost employment worldwide.

Each ORE technologies (wind, wave, current, tidal range, ocean thermal) are under
consideration in different stage of development, and will presents itaioMgoe challenges.
ORE, specifically offshore wind, sees a rapid growth in installed capacity and environmental,
sociceconomic and technical challenges needs to be considered. The cost of electricity from
ORE (offshore wind) is cut to 0.8 Yuan/kWh (USD$2/kWh) in 2019 and will further drop
to 0.75 Yuan in 2020. Achieving this cost of electricity is a challenge to offshore wind industry,
but provides an even bigger challenge to other ORE technologies. Understanding and assessing
the environmental impacbf ORE installations, operations and decommissioning is
substantially challenged due to e.g. baseline, dateioceconomic and diverse developing
technologies. Development of ORE affects or is also affected by numerous stakeholders.
Understanding who thdakeholders are and how they are engaged in the process is necessary
for improving the responsible development of ORE technologies. Key stakeholders include
fishermen, community members, regulators, developers, scientists, and tourists and so on that
depedd on the specific ORE project and the spec
is characteristic of soft, silty soils which are unlike soil conditions in other countries
contemplating ORE growth. This causes difficulty with regard to foundaiype and
installation techniques. Furthermore, the technical challenges for the offshore wind industry
are much greater to other regions, where the weather conditions (Typhoon) more impactful on
turbine performance. Ch i n mental consideratiennrelated te g a | f
ORE activities is limited and further regulations need to be developed.

China is particularly active in developing offshore wind technologies, an area which is set
to become an important sector for the global energy futmést also demonstrating wave and
tidal energy technologies. The Chinese government has made a commitment that the proportion
of nonfossil fuel energy will account for 20% by 2030, and operational installed capacity of
ORE (offshore wind) in 2019 reaah®&.7GW in total, with another 13GW under construction
and over 41GW permitted. The development of ORE, offshore wind, in China has reached a
turning point in 2018, moving towards zesou bsi dy. Chi nads first au
projects in 2019 ached a price of electricity at 0.75 Yuan/kWh, lower than the guide price
of 0.8 Yuan/kWh. China has become also one of the few countries in the world that have
mastered the technology of largeale tidal current energy development and utilization.

ORE isa fast growing ocean economy which is advancing the goals etdovon and
circular economy. Although offshore wind reached only recently a policy turning point, whilst
other ORE technologies are at an early stage of development, there are encougagitiasi
the investment cost of technologies and the price of electricity generated will decline further
towards commercially viable energy generation. Enhancing knowledge of the ORE
technologies potential impacts is crucial to inform future growth pladsrdorm effectively
licensing for ORE activities. Ongoing review of environmental impacts associated with the



growing ORE sector and emerging ORE technologies will ensure that the best and-toest up

date information is available to decision makers, pars and stakeholders. Furthermore,

the opportunity of integration emerging ORE technologies into military applications, electricity
generation for remote communityés freshwater
be further opportunities. ORtechnologies offer opportunities for China to develop a new
industry, create jobs and take advantage of opportunities within its competency to global
markets.

Recommendations

1 Industrial supporting policy mechanism should be established and improved.

1 Scale of ORE utilization should be promoted.

1 Financial or venture capital communities as well as private capital should be
encouraged by governmental policies.

1  Offshore wind should be accelerated whilst environmental and-sooimomic impacts
assessed.

1 Tidal current energy research and development should be encouraged by government
as expected to be next type of ORE

1 Mechanisms to accelerate commercial realisation of ORE technologies ORE
technologies (wind, wave, current, tidal range, ocean thermal)dsheusupported by the
government.

1 Increase Offshore Wind deployment addressing many strategically important goals
such as decarbonisation, security of supply, and new business opportunities.

1 Enable RD&l to address challenges to reduce costs furtherdb peaity with other
energy technologies.

1 Enhance capacity to accelerate innovative and resilient technology development.

1  Strengthening the global export and market opportunities.

1 Engage at an early stage with stakeholders include fishermen, communityeragmb
regulators, developers, scientists, and tourists.

1 Integration emerging ORE technologies into wider applications such as military
applications, electricity gener at i loydrogénor r en
production or aquaculture apgditions.

1 Grow ORE industry, create jobs and take advantage of opportunities within its
competency to global markets



1 Marine  Renewable  EnergyNTRODUCTION  TO
OFFSHORE RENEWABLE ENERGY (ORE)

Ocean renewable energy (ORE) is notable as an emerging sether maritime industry.
Chi na, the worldbés biggest energy consumer,
proposing higher green power consumption targets, also in the ORE area. Achieving the needed
renewable energy transition will not only mitigaclimate change, but also stimulate the
economy, improve human welfare and boost employment worldwide.

Each ORE technologies (wind, wave, current, tidal range, ocean thermal) are under
consideration in different stage of development, and will presentsub unique challenges.
ORE, specifically offshore wind, sees a rapid growth in installed capacity and environmental,
sociceconomic and technical challenges needs to be considered. The cost of electricity from
ORE (offshore wind) is cut to 0.8 Yuan/kWH$D$0.12/kWh) in 2019 and will further drop
to 0.75 Yuan in 2020. Achieving this cost of electricity is a challenge to offshore wind industry,
but provides an even bigger challenge to other ORE technologies. Understanding and assessing
the environmental ipact of ORE installations, operations and decommissioning is
substantially challenged due to e.g. baseline data, -ssoiwomic and diverse developing
technologies. Development of ORE affects or is also affected by numerous stakeholders.
Understanding whthe stakeholders are and how they are engaged in the process is necessary
for improving the responsible development of ORE technologies. Key stakeholders include
fishermen, community members, regulators, developers, scientists, and tourists and so on that
depend on the specific ORE project and the s
is characteristic of soft, silty soils which are unlike soil conditions in other countries
contemplating ORE growth. This causes difficulty with regard to fatiod type and
installation techniques. Furthermore, the technical challenges for the offshore wind industry
are much greater to other regions, where the weather conditions (Typhoon) more impactful on
turbine performance. C hvironmeéntsl cansideratiemrelatet te g a | s
ORE activities is limited and further regulations need to be developed.

China is particularly active in developing offshore wind technologies, an area which is set
to become an important sector for the global energyduwhilst also demonstrating wave and
tidal energy technologies. The Chinese government has made a commitment that the proportion
of nonfossil fuel energy will account for 20% by 2030, and operational installed capacity of
ORE (offshore wind) in 201%ached 3.7GW in total, with another 13GW under construction
and over 41GW permitted. The development of ORE, offshore wind, in China has reached a
turning point in 2018, moving towards zesou b s i d vy . Chinads first au:
projects in 201%chieved a price of electricity at 0.75 Yuan/kWh, lower than the guide price
of 0.8 Yuan/kWh. China has become also one of the few countries in the world that have
mastered the technology of largeale tidal current energy development and utilization.

1.1. ORE is a fast growing ocean economy which is advancing the goals of low
carbon and circular economy. Although offshore wind reached only recently a
policy turning point, whilst other ORE technologies are at an early stage of
development, there are encouragig signs that the investment cost of
technologies and the price of electricity generated will decline further towards
commercially viable energy generation. Enhancing knowledge of the ORE

technologies potential impacts is crucial to inform future growth phns and
3



inform effectively licensing for ORE activities. Ongoing review of
environmental impacts associated with the growing ORE sector and emerging

ORE technologies will ensure that the best and most djo-date information is

available to decision makersdevelopers and stakeholders. Furthermore, the
opportunity of integration emerging ORE technologies into military
applications, el ectricity generation f
generation or aquaculture applications, could be further opportunities ORE
technologies offers opportunities for China to develop a new industry, create

jobs and take advantage of opportunities within its competency to global
markets.Sustainable Development Goals

The Ocean Economy in 2030, a major report issued byOtiganisation for Economic
Cooperation and Development (OECD) in 2016, estimates the gross value added (GVA) of the
Blue Economy at more than US$3 trillion by 2030, (at 2010 prices) and at 2.5% of total global
GVA. Within this, ocean energy is notable aseamerging sector, defined by the key role in
which cuttingedge science and technology plays in the delivery of projects and technology.
There are significant areas of collaboration and overlap between ocean energy development
and the development of ouristing maritime infrastructure and capacity. E.g. the UK maritime
sector contributes £14.5 billion to the UK economy, and directly supports an estimated 186,000
jobs.

The UK as the leading ocean energy developer has proposed a three interlinked support
models, which fit with the current stage of technology development and Government policy,
to bring ocean energy to a cost competitive position and allow for progression of technology
and projects. The proposed Innovation Power Purchase Agreement (IPPAE naadbto
support technology developers to deliver projects of up to 5SMW whilst protecting consumers
from costs by providing offakers a tax rebate when buying marine energy. This would allow
marine projects to sell their power over the market rate, tétofftakers reclaiming excess
costs against tax, with this cost declining over time.

The Innovation Contract for Difference (iCfD) is a bridging mechanism that enables utility
scale projects in the current Cfvithimectani sm.
framework for all new technologies such as wave, tidal stream, and Advanced Combustion
Technologies to compete among themselves.

By establishing a route to market for ocean energy, through the IPPA, it is expected marine
projects will be hle to deliver energy at a cost of around £150/MWh. With activity in an export
market and by developing projects domestically, tidal energy is projected to reach target costs
of less than £100MWh after 1GW of deployment.

Chi na, t he wor |ohsirser, [5ialgogsEeping up wseush yto renewable
energy, proposing higher green power consumption targets. Improving economics and firm
policy support guide Chinadés ambitions for
13th Renewable Energy Ddopment Five Year Plan (201#20) by the National
Development and Reform Commission (NDRC), the goal is to increase the shardagsibn
energy in total primary energy consumption to 15% by 2020 and to 20% by 2030, and this
target cannot be achievedthout the promotion of offshore renewable energy.



The count r-yaarsPladcalls for 5SESWwfeoffshore wind capacity to be installed
by 2020 and for 10 GW more to be in the construction pipeline, split among the coastal
provinces so as to help déwe local supply chains. In 2019, the NDRC has adopted a
competitive bidding scheme for offshore wind capacity in an effort to drive down costs. Around
2030, offshore wind is supposed to reach cost parity withfted generation in LCOE terms,

a criticd milestone that supports continued letegm growth in China.

Regarding other types of ocean energy, the State Oceanic Administration (SOA) released
t he A 1-¥dgahPlafforMarine Renewable Energy (2216 2 0) 0, whi ch set s
principles, spei fi ¢ actions and enablers needs to d
renewable energy. By 2020, 4 marine renewable energy demonstration districts will be built;
the total installed capacity of marine renewable energy will be more than 50 MW. &[0 dat
China has committed above RMB 1.3 billion to marine renewable energy RD&D since 2010.

1.2. Technology Readiness Level and Development timeline

Technological and commercial maturation occurs over several phases, or Technology
Readiness Levels (TRL), from caqt design to commercial deployment at sea. Moving from
one phase to the next requires increased level of investment for deployment, leading to
technological and hence economic improvements. To assess and analyze the different steps to
industrial roltout, the following phases and criteria have been identified.

R&D Prototype Demonstration Pre-Commercial Industrial Roll-Out
Small-scale device Representative single- Series or small array of Medium-scale array Full-scale commercial
validated in lab scale devices with full- full-scale devices of full-scale devices ocean energy power
Component testing and scale components Deployed in relevant experiencing interactions plant or farms
validation Deployed in relevant sea conditions Grid connected to a hub Deployed in operational
Small/medium-scale sea conditions Ability to evidence or substation (array) real sea conditions
Pilots Ability to evidence power generation to Grid Deployed in relevant/ Mass production of off-

energy generation For OTEC and operational sea the-shelf components
salinity gradient: full conditions and devices
functionality down- For OTEC and salinity
scaled power plant gradient: scalable
TRL 1-4 TRL 3-6 TRL 5-7 TRL 6-8 TRL 7-9

Figure 1. Phases of Technology Readiness Ley®turce: Ocean Energy Strategy
Roadmap

A timeline for the development (see Figuze of the five ocean energy technologies
throughout these phases has been predicted in the Ocean Energy Strategy Roadmap [1]. It gives
guidance as to where technologies currently are and when they could reach the next phase of
development.

Addressing thewrrent barriers to project deployment, while providing significant short
long-term stable and predictable investment conditions are essential. Inaction will delay
industrial roltout, or in a worst case scenario result in a loss of accumulated kgewled



R&D Prototype Demonstration . Pre-Commercial - Industrial Roll-Out

Wave

Continuous Development and Innovation

Tidal
Stream

Continuous Development and Innovation

Tidal
Range
Continuous Development and Innovation

Continuous Development and Innovation

Salinity
Gradient

Continuous Development and Innovation

Figure2. Timeline for the development phase of ocean energy techno(&giesce: Ocean
Energy Strategy Roadmap

1.3. Overview of Ocean Energy technologies

Ocean energy comprises five distinct technologies i) wave energy, ii) tidal current, iii) tidal
range, iv) salinity, and v) ocean thermal energy conversion. The variations in ocean resource
and location will require different technological concepts and solutions.

Ocean energy is abundant, geographically diverse and renewable. Developing technology to
exploit its potential offers opportunities for Europe to develop a new industrial sector, create
jobs and capitalise on its first mover status to cultivate significant export opportunities. The
industry association, Ocean Energy Europe, estimates thaML@d®vave and tidal energy
capacity can be deployed in Europe by 2050. This industry target is consistent with recent
studies on the practical deployment potential of ocean energy in Europe. The global market for
ocean energy could see 337GW of installgolcity by 2050, a third of this would be in Europe.

Today 45 % of wave energy companies and 50 % of tidal energy companies are from the
EU. The right support over the coming decade could enable an European market worth a
potential U653bween R2O0teésamen2850g and an an

1.3.1. Wave energy

Wave energy converters derive energy from the movement of waves and can be located
flexibly i on the shoreline, the nearshore or offshore at depths of overil@dimarness the
available energy most efficiently. A range of fatlale prototypes have been deployed,
however, further technology development, testing and demonstration are required prior to
commercialisation and industrial raiut.



Wave energy converters (WECSs) havegressed significantly over the last decade, from
scaled testing to fukbcale prototypes. Field demonstrations have shown the importance of
further R&D focusing on subsystems and components with an increasing number of innovative
concepts.

The learninggrom this phase will allow the development of whole wave energy systems
through improvements of stdystems and components as well as deployment methodology.
Subsequently, the most promising consolidated concepts should be demonstrated in farms for
a totalof a further .00MW by themi@ 0 2 0 6 s .

The high cost of wave energy is still a key issue for the sector. Compared to the current
levelised cost of energy (LCOE)of 75well below £90/MWh for offshore wind, the LCOE from
wave energy remains considerably heghand is estimated at around £350/MWh. The
commercial development of offshore wind lagged onshore wind by approximately 15 years
and was built on 30 years of onshore wind development from demonstration to the first
commercial wind farms of the 1990s. $hpathway to a commercially viable sector, which
today is cheaper than new gas and nuclear electricity generation, was supported by policy and
financial support structures, fe@dtariffs and contracts for difference (CFD). Further efforts
are needed tochieve the necessary cost reduction for wave energy, and it is not clear whether
existing technologies will be able to meet LCOE targets. However, some developers believe
that progress is constrained through semonomic as opposed to technical challenge
address this, evidence is needed on the environmental and social impact of wave energy
devel opment . ETI P Ocean delivered a OReport
results workshops6é in 2018 whi chwithinvwaeer | y c |
energy from the aspects of technology, financial, environmental and-esmmomics.
Furthermore, ETIP Ocean suggested actions to be taken to overcome the challenges and their
responsible stakeholder(s).

Wave energy has seen a significant desti@tion of wave energy converter concepts but
to date none of the concepts has made it to commercial maturity. The required balance between
reliability, performance, survivability and LCOE is variable for the different technologies and
experience from amspecific prototype is not directly relevant to all the wave sector, making
progress more difficult.

In order to advance and realise commercial viability the Ocean Energy Strategy Roadmap
concludes:

9 Prioritise subsystems and components. Research, devaibpand innovation in wave
energy should focus on key components andsysskems, tested both individually and as part
of the whole device.

1 Power takeoff (PTO) systems. PTO systems require neardedlle demonstration in real
sea conditions for validatn.

Wave energy harvester technologies

Wave energy harvesting technologies can be broadly classified into three different systems.
These include oscillating water column, oscillating bodies, and overtopping type structures.
These technologies are maintythe development phase with oscillating water columns having

7



received the majority of thfocus of research and development. To date a number-etald
oscillating water column harvesters have been constructed either as prototype proofs of concept
or as working power generators. A brief description of the main technologies and some of the
betterknown examples are outlined below.

| Isolated: _Pico, LIMPET

Fixed structure

Oscillating water
column
{with air turbine)

l In breakwater: Sakata, Mutriku ‘

| Floating: Mighty Whale, Ocean Energy, Sperboy, Oceanlinx |

Essentially translation (heave): AquaBuoy,
IPS Buoy. FO3, Wavebob, PowerBuoy

Floating

Oscillating bodies
{with hydraulic motor,
hydraulic turbine, linear
electrical generator)

| Essentially rotation: Pelamis, PS Frog, SEAREV |

| Essentially translation (heave): AWS |

Submerged

Rotation (bottom-hinged): WaveRoller, Oyster

| Shoreline (with concentration): TAPCHAN |

Fixed structure

Overtopping | In breakwater (without concentration): SSG |

{with low-head
hydraulic turbine)

| Floating structure (with concentration): Wave Dragon |

Figure 3. Wave energy technologies (Falcao 2010)

Oscillating water column

The oscillating water column consists gfatly submerged chamber with an opening below
the water line on the wave impingement side of the structure. Inside the chamber, an air column
is trapped above the e surface. As the incident wave ebbs and flows into the chamber, the
water surface riseand falls, this drives the trapped air column out through an orifice usually
located in the chamber roof. As the wave recedes away from the structure, the water surface
inside the chamber falls and this draws air into the chamber. A certain type oé tkkmbinn a
self-rectifying turbine that can spin up irrespective of the airflow direction is connected with
the orifice. In this manner, the cyclic exhalation and inhalation phase can channel air through
the turbine to generate electricity. Oscillating watelumns have been constructed as fixed
structures located on the shoreline or as floating platforms deployed in deeper water locations

Oscillating body

These types of generators have a very wide range of variations. They may be broadly
classified as ither floating or submerged. Thereafter they are grouped according to their
motion response. With regards to floating oscillating bodies, the simplest type is a spar buoy
type in which the main displacement direction is heave motion. The buoy is usuttdiy b
fixed and the kinetic energy from its motion is converted into electrical energy either through
a piston type hydraulic pump, spring type component or through linear magnetic generator.
Submerged typed heaving bodies usually work in a similar mahhey.are generally fixed

8



to the seabed in shallow water locations. As the wave passes over the body, the larger pressure
differential pushes down upon a top plate thus driving power take off system similar to the
floating heaving body generators

Other foating type oscillating bodies rely on pitch motion (sometimes combined with surge
motion). Examples include the Raiis, the Edinburgh Duck, and the Searev wave energy
converter. These are all floating type structures and use various methods to teEnwerte
energy into electrical energy. The most common type of submerged oscillating bodies are in
the form of a bottom fixed flap that is oriented perpendicularly to the predominant wave
direction. These flaps can either be totally submerged or surface@ng. The motion of the
flap usually drives a hydraulic ram to convert the kinetic energy into electrical energy.

Overtopping convertors

In this type of wave energy convertor a reservoir is constructed with a parapet wall close to
the prevailing wave dight. Then as the waves impact the wall and overtops it, the water is
collected in the reservoir. The floor of the reservoir is at a level that is higher than the mean
sea level. Then potential energy form the stored water is converted to electricaltierargh
the use of low head hydraulic turbines. The reservoirs can be constructed either as onshore
installations or as large floating platforms that trap the waves within a reservoir.

Wave energy Current status and global demand

Global electrical emgy consumption for 2018 was estimated to be in the range of 23000
TWh, (IEA, 2019). Of this amount, only about 22% was supplied by renewable energy
resources, (Melikoglu, 2018). Furthermore, wave energy only contributed a miniscule
proportion of this tota In 2014, the total global installed ocean energy power capacity was
nearly 530MW. This figure is predicted to rise to 640 MW by 2021 (this includes all forms of
ocean energy), (Melikoglu, 2018).

It is predicted that by 2040, the renewable energy segliogrow to contribute 29% of the
global electricity consumption and wave energy should be leveraged to provide a greater share
of this proportion (EIA, 2017). The total available global wave energy resource is estimated to
be up to 29500 TWh/year, (Rusnd Onea, 2018). Therefore, wave energy alone has the
potential to supply the present global power demand. To this end, it is necessary to further
develop the wave energy sector as a viable, cost effective, clean source of renewable energy.
Currently, the work to bring wave energy technology to commercially viable status is ongoing
and as of 2018, there were in excess of 100 projects ongoing around the globe. However, further
research needs to be undertaken to improve the cost efficiency and to enbahratibity of
the structures to withstand the harsh environment in which these devices are deployed. Below
there is a breakdown of some of the regional efforts to bring wave energy harvesting
technologies to a market ready stage.

European countries withn Atlantic coastline also have accessible wave resources and are
developing wave energy, including France, Ireland, Spain, Portugal, Denmark and Norway.
Globally high levels of resource can be found in North America, Chile, Australia, China, Japan
and Kaea. EMEC has summarised a list of 244 wave energy developers globally, with 23
active technologies in the UK and the largest number based in the US.



Globally, most developers are still at the early research stage. The US and China are
particularly activein developing wave energy technology. In the US, Northwest Energy
Innovations tested a hadttale device at the US Wave Energy Test Site (WETS) in 2015 and a
full-scale system was deployed in 2018. US Ocean Power Technologies (OPT) has a contract
to supplyQOil & Gas Company, Premier Oil, with one of its PowerBuoy systems for deployment
in an oil and gas field in the Central North Sea. US Columbia Power Technology has plans for
openwater demonstration of their WEC at WETS in 2021. In China, many WECs iae be
devel oped and tested, including the Guangzho
Eagled WEC, which was deployed in Wanshan |
kW version combining wave, solar and desalination deployed in 2018.

The dobal potential for wave energy is clearly recognised and many countries have active
and ambitious programmes for wave energy development. The UK, as an early sector leader,
has accumulated most experience from the deployment of various WEC prototypeghand
strategic investment could retain this advantage in what is set to become an important global
sector for our energy future.
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1.3.2. Tidal Energy range

Tidal range uses the difference in sea level between high and low tides to create power.
Tidal range ¢chnology uses the same principles as conventional hydropower, and requires a
barrier to impound a large body of water, driving turbines generating electricity. Tidal range is
the more established ocean energy technology, with several projects generating power around
the world.
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With along coastlingChina hasbundant tidal rangesourcesAccording to theesultsof
f908surveyin 2004, there are 1{dotentialsites thatan buildtidal range plant of more than
500 kW along coast of Chinajth a theoretical installedowerof about 22.835W totally.

In the development of tidahnge energyfrom 1955, China began to build small tidal range
plants. Till the 1980s, China built more than 70 of them, becoming the country with the most
tidal range plants in the world. Howevegme of aboveplantswere built in the political
movementwhich was restricted by timémckgroundand lacked rigorous scientific support
Most of these plants were shut down after only a few months or even a few years due to
improper site selection, equipment failure, navigation conflict, sedimentation andeztbens.
Among them, there were@ants operating for a long period (10 ~ 30 years) in Chiviaich
are showrbelow. The total installegpower of theseplans exceeded &W and the annual

generating capacity exceeded GWh. Unfortunately, most of thesplants have also been

shut down so far due to the significant decline in economic benefits and the restrictions on
feedin tariffs. Only two tidal range plants, Jiangsha and Haishan in Zhejiang Province, are still
in operation.

Tablel Basicinformation of tidal range plants in China

Tidal range Location Operation Install power  Tidal range  Operatio
Plant Year IMW m n mode
Shashan Zhejiang 1959 0.04 N/A N/A
Yuepu Zhejiang 1971 0.15 3.6 Ebb only
Haishan Zhejiang 1975 0.25 4.9 Oneway

Liuhe Jiangsu 1976 0.15 2.1 Two-way

Baishakou Shandong 1978 0.64 2.4 Oneway
Jiangxia Zhejiang 1980 4.10 5.1 Two-way

Xingfuyang Fujian 1989 1.28 4.5 Two-way

Wanguozishan Guangxi N/A N/A N/A N/A

At present, Jiangxia is the largest tidal ramgent, as shown below, in China with an
installed power of 4.1 MW, ranking fourth in the world. Since it was connected to the grid in
1980, this plant has been in good operation, experiencing many technical improvements with
the support of many governmeshgpartments. In 2016, a 700 kW tmay tidal turbine was
developed and tested, as shown below, the maximum efficiency of the turbine is 88.7% for
forward generation and 83.2% for reverse generation.
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1.3.3. Tidal Energy current

Tidal stream turbines harness the flow of the currents to produce electricity. Tidal turbines
can be fixed directly to and mounted on the seabed, or tethered/moored to the seabed and
buoyant, floating on surface or in mid water.

The UK is currently home to 22 tidal devi ce
first tidal arrays. The MeyGen (www.meygen.com) project is the largest tidal current project
under development in Europe. When fully constructed, the project Wwiled898MW of tidal
power. In its first stage (Phase 1A) the project has deliver the installation of four 1.5MW
turbines offshore as well as the construction of the onshore infrastructure. Three of the turbines
were supplied by Andritz Hydro Hammerfestdaone Lockheed Martidesigned turbine
supplied by Atlantis.

Orbital Marineds SR2000 ti dal turbine, a
performance results whilst deployed at EMEC, including a load factor of more than 38% in the
first 24 hours otontinuous operation. Over its test programme the SR2000 exceeded projected
performance, producing over 3,200MWh of electricity, more than the total generation of every
marine energy device before this date.

Tidal stream technology is at a stage alonglé&gelopment path which requires fattale
demonstration projects supported by the right policy and economic conditions. It is expected
that the demonstration farms phase will be underway by 2020, by which time around 100MW
of capacity could be deployed iturope alone. The tidal stream sector should therefore strive
to deploy ten farms of 20MW to 30MW with devices laid out in several arrays across Europe
by the mid2020s.

China has a long coastline of up to 18,000 km, along which the large number ailisadl|
and channels are usually with strong tides. These areas are rich in tidal current resources and
have the potential of resource developmdittis part summarize the current situation of
China’s tidal energy technology from three aspects: resourcesegaoksearch status.

Resources

In terms of resources, China has condudiece national assessmesat which were
conducted in 1986, 2004 and 2010 respectively. The results of which are shown as below.

Table 2 National surveyofocean renewable ergr

No. Execution Assessment Assessment areas Tidal current
Time department energy resource
reserves
1 1986 MWCEP andSOA 130 channel 13.96 GW
2 2004 SOA 99 channel 8.33 GW
3 2010 SOA 75 channel 5.56 GW

| Ministry of Water Conservancy and Electric Power

t State Oceanic Administration
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According to thehree national assessments, tilal currentresources in China are mainly
distributed in théeast ChinaSea, especially in th2housharArchipelago, where tidal energy
resources account for more than half of the national tOthler areas, includinQiongzhou
Strait, Chengshantou and other areas also have sporadic distrilagisimown belowAlthough
the above assessment results haveesdifferences due to assessment methtigs total
amount of tidaturrentresources in China is undoubtedly considerable.
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Policies

In terms of policies, SOA issued guidelines and policies on development of tidal energy
resources and marine energy generation technologies in December 2016, and continued to
invest a large amount of funds in the development and utilization of tidal temergy. By
the end of April 2017, China had invested nearly 150 million USD in more than 100 marine
energy projects to support the research on the development and utilization of such energy,
among which the input of tidal current energy and wave enexgpuated for more than half
of the total investment. In addition, a number of national tidal current energy test sites are under
construction, includingidal stream energy test site in Zhoushan, Zhejiang and National
shallow sea comprehensive test sithjol are expected to be operational by 2020, as shown
below.
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Figure 5. Marine renewable energy test sites

Research status

So far, many research institutions and companies has been carried out a lot of researches on
tidal current energy technology. In dishan Archipelago, Zhaitang island, Chengshan Cape
and other tidal current energy resource areas, field measurements have been conducted, with a
number of demonstration projects and sea trials ofsttdle TECs. According to the analysis
results, reseahes on this technology in research institutions mainly focuses on Zhejiang
University (ZJU), HarbinEngineeringJniversity (HEU) and Ocean University of China
(OUC), etc; in companies mainly focuses on LHD Co., Chiratiadal Offshore Oil
Corporation (CNOOC) and China Guodian Corporation (CGDC), etc.

In terms of device development, there are mainly four types of TEC developed in China,
including horizontalxis turbine, verticahxis turbine,oscillating hydrofoil and vortex
induced vibrationTEC. The specific development is as follows,

Horizontalaxis turbine In this type device, the main research institutions include ZJU,
Northeast Normal University (NENU) and OUC. At present, the maximum installed power of
asingle turbine has reached 650 kW, and the rotor diameter exceeds 15 m, as shown below.
The power efficiency of these devices, which have been tested at sea in recent years, has
exceeded 40%.
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(a) 600 kW of ZJU (b) 300 kW of NENU
Figure 6. Horizontahxis turbine

Verticalaxis turbine.In this type device, the main research institutions include HEU. At
present, the maximum installed power of single turbine has reached 150 kW and the rotor
diameter has reached 6 m, as shown below.The power efficiésoglodevices, which have

been tested at sea in recent years, has exceeded 25%.

iy

Figure 7. Verticalxis turbine of HEU

Other typesA number of other type devices are being developed and tested, incladieg
induced vibrationTECFeil! Fant ikke referansekilden. andoscillating hydrofoil However,
compared with horizontal and vertieakis turbines, such devices have a low development
maturity and are mostly in the stage of laboratory testinghanterical simulation.

In general, since May 2017, a total of 6 tidal current energy projects have been accepted and
3 new tidal energy projects have been supported. The overall technology is close to the
international advanced level. China has become bt dew countries in the world that have
mastered the technology of largeale tidal current energy development and utilization. By the
end of 2018, total installed capacity of TECs is 2.86 MW, and cumulative generating capacity
exceeded 3.5 million kW

1.3.4. Salinity

Salinity gradient power generation utilises the difference in salt content between freshwater
and saltwater, found in areas such as deltas or fjords, to provide a steady flow of electricity via
Reverse Electro Dialysis (RED) or osmosis. Depient potential is significant around Europe,
however, further technology development is required to bring salinity gradient to maturity.

Salinity gradient is in the R&D phase, with-gpaling to megawatt prototypes expected
around 2020. While still resedr driven, the technology could grow rapidly and become
increasingly commercial. The development of a 50MW demonstration plant E3Q2d% is a
necessary step towards subsequently deploying a firstdalé (200MW) plant. If successful,
module salinity gradient storage solutions could be developed and used worldwide in
combination with other renewable energy systems by 2030.
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1.3.5. OTEC

Ocean Thermal Energy Conversion (OTEC) exploits the temperature difference between
deep cold ocean water and warm surfaeceevs to produce electricity via heatchangers.
OTEC is suited to oceans where high temperature differences will yield the most electricity. A
number of demonstration plants are being developed in EU overseas territories opening up
export opportunities.

The construction of a 14MW OTEC project (NEMO) in Martinique, France, demonstrates
the potential for the EU to develop a technology and khoww f or export aroun
tropical regions. Moreover, the potential for high average availability facboitd rapidly lead
to significant reductions in cost of energy.

The OTEC sector should connect up to 20MW of scaled prototypes by the e20k; 20
leading to the demonstration of kdtale power plants of around 100MW.

Subsequently, OTEC technology coue rolledout industrially taking advantage of the
export markets.

1.4. Offshore Wind Technologies

1.4.1. Fixed Offshore Wind

Offshore wind power or offshore wind energy is the use of wind farms constructed in waters,
usually in the ocean on the continental shelf, to harvest wind energy to generate electricity.
Over the past 25 years offshore wind technology has developed rawithy the first
commercial plant beginning operation in Denmark in the early 2000s.

The commercial development of offshore wind has so far been based on-be&om
foundations. The use of relatively lesost monopile foundations has been the offshanel w
industry standard for the majority of the projects installed in water depths of less than 50 m.
Monopiles are the most popular foundation choice, but there is a variety of foundations being
utilized, including jackets, muHpiles, gravity bases, andaion bucket foundations.

The global offshore wind market grew nearly 30% per year between 2010 and
2018,benefitting from rapid technology improvements. Over the next five years, according to
the IEA about 150 new offshore wind projects are scheduleeltompleted around the world,
pointing to an increasing role for offshore wind in power supplies.

Technology innovation has led to an increase in turbine size in terms of tip height and swept
area contributing to larger production. The tip height of mamtially available turbines
increased from just over 100 metres (m) in 2010 (3 MW turbine) to more than 200 m in 2016
(8 MW turbine). Through technology innovation, turbine original equipment manufacturers
have been able to limit the rise in turbine @sl manage the increase in mass to allow turbine
growth to continue upward in the next decade.
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Figure 8. Fixed Offshore Wind

1.4.2. Floating Offshore Wind

With floating structures, wind power can expand into new deser areas, often further
from shore, opening vast new areas and markets currently unavailable for offshore wind.
Floating structures are also less intrusive to the sea bed than bottom fixed structures, and
provide the potential for increased standardisation and-pradsiction.

Floating offshore can harness untapped wind resources located in regions with water depths
exceeding 50 m where traditional fixedottom offshore wind installations are not
economically attractive. The industry is adapting various floating foundation techesotbgt
have already been proven in the oil and gas sector. There are three main concepts for floating
foundations: spabuoy, semisubmersible and tension leg platforms.

In recent years, there have been significant developments in floating offshore wind

projects including the c¢onrumiinstallatomin20lgthef t he
30 MW Hywind in Scotland. A number of smaller demonstration projects were installed in in
the past year in France and Japan. In addition, at least ten neanpresrcial scale projects
in Europe are in the pipeline (WindEurope, 2017), including the 25 MW WindFloat Atlantic
in Portugal and the 50 MW Kincardine in Scotland (IEA). In Norway Equinor has decided to
build a floating wind farm of 88 MW to deliver powtr existing O&G installations together
with the owners of these installations.

2 MARINE RENEWABLE ENERGY SYSTEMS AND THE 2030
AGENDA FOR SUSTAINABLE DEVELOPMENT

2.1. Ocean Energy Technologies
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2.1.1Europe

Europe is regarded as one of the key players in the development of wave energy and it has
been suggested that the next step on the road to commercialisation is the demonstration of wave
energy farms in the range of fregawatts (MW). Due to the limited camercial deployments
of prototype wave generation devices in the past, the estimates for levelised cost of electricity
(LCOE) of wave energy technologies in M@V demonstration projects is in the range of EUR
330630 permegawatt our (/ MWh ) HoweReE bsAgsearzlDahdddevelopment
advances and with the deployment of additional installations, the projected LCOE for wave
energy in 2030 is estimated to be in the range of EUR2PBAVIWh for harvesters with
capacities in excess ofgigawatts (IRENA 2014). In order to continue the proof of concept
work the sector will continue deployments of prototype WECSs in small arrayshéi\,@lose
to shore or on specific testing sites (European Commission, 2020).

To achieve reasonable profitability will rage additional research on the constituent
elements comprising the harvester installations. Not only is it necessary to improve the output
efficiencies but also, the technology must be made more robust to extend the design lifetime
duration. Presently arnge number of studies are being under taken to augment the power take
off systems that may currently account for up to 22% of project life costs. In particular, the
focus is on efficiency improvements in air turbines (currently66% efficient), (IRENA,

2014), and in the hydrodynamic performance of the fluid structure interactions. Another
solution to reduce costs and to make the wave energy sector more attractive to potential
investors is through cost sharing endeavours wherein the wave energy hasvestebined

or integrated with another structure or technology. For example, current studies are being
undertaken to determine the feasibility of integrating wave energy harvesters with floating
wind turbine platforms or combining harvesters with coastategtive structures such as
breakwaters. In this manner, the installation and maintenance costs can be offset or vastly
reduced. Europe is one of the global leaders in the development of wave energy technology;
this is partly due the high wave energy signalong its west coast. Nevertheless, other regions
such as China, the US and Australia are investing considerably in the development of wave
energy ((European Commission, 2018) . Some of the Hettswn wave energy plants or
technologies developed Wit Europe are outlined in Table 1 below.

To address the technical challenge, in the UK the Wave Energy Scotland (WES) funding
scheme is regarded as a powerful tool that could be used more widely by governments and
funding authoritieBEnelTpe WESvéeNbDeel|l PWajvect sob
6Bl ue Horizoné from Mocean Energy, and Arc
Energy, will both be tested at EMEC in 2020 (Mwasilu F, Jung J W, 2018). The Australian
company Bombora secured £10.3m of Welshé&oment European Funding in 2018 to deploy
their WEC in Pembrokeshire, WaleBombora, 2019) WaveSub, from Welsh company
Marine Power Systems, is supported by a £12.8m grant from the Welsh Government to test a
full scale WaveSub at sea in 2022. Most @& tlevices aforementioned are designed for large
scale ingrid generation, but alternative smaller scalegrifi requirements are also being
investigated. Albatern are working with aguaculture companies to supply power to working
fish farms using their 76 W 6 Wave Net 86 WEC to replace diesel
Mocean Energy devel oped 0 Bdeaapplicatiorsfrom duliseap o we r
control systems to fully autonomous underwater vehicles and has attracted funds of £200,000
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from Scdtish Enterprise and the Oil and Gas Technology Centre in Aberdeen for the
development.

Although still dominated by stattp wave energy companies, other engineering firms and
utilities are entering the market. Saipem and Wello Oy have signed a memorahdum
understanding to enhance the Penguin WEC2 technology. Utilising their long experience in
offshore engineering, Saipem will support Wello Oy to optimize the installation procedure and
operability of their WEC. CorPower have signed a Strategic Collabar&tgreement with
Simply Blue Energy to develop a number of significant wave energy projects off the coasts of
the UK and Ireland. With the experience of offshore wind, Simply Blue Energy will also
investigate the development and deployment of combinediritp wind and wave energy
farms. This is to explore opportunities to reduce costs and increase output by dovetailing the
variations in resource availability between wind and wave energy.

Country year Project capacity
Denmark 2003 Wave Dragon Prototype
UK 2004 Pelamis 750kW
Portugal 2004 Archimedes Wave Swingz 2MW
Finland 2009 WaveRoller 300kw
Scotland 2011 Oyster 800kW
Spain 2011 Mutriku power plant 296kw

UK 2016 Oceaunus2 162kW

Table3. European wave energy projects

2.1.2China

China has attached great importance to the development and utilization of Marine
Renewable Energy. Since 2010, in total, 114 projects have been appnoMiea marine
energy test fieldanddemonstration bases have been built. This has been achieved with the
support of the special fund for Marine Renewable Energy at a total cost of 1.3 billion yuan.
Since May 20176 wave energy projects have passed acceptance checlks reavd wave
energy prgects have been approved for financial supportumber oftechnologies with small
power generation capacity have been developed and of these, about 30 devices completed the
seatrials. Bytheend of 20l8hi nadés wave ener gy patedatdveri nst a
0.2 megawatts amaver 150000 kWh of electricity was produced.

As one of three test demonstration bases, the Wanshan Wave Energy Test Field and Base
will be built as a public testing system, in which private firms can develop their tegie®lo
The devices that will undergo testing include three Sharp Eagle WECs with rated capacities of
350 kW and one imported WEC with a rated capacity of 50 kW.
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2.1.3USA and Canada

According to a recently published report, the bureau of ocean management (B@&EM)
approved a large wave energy test site in Oregon (IEC, 2014). Funding is provided by the
Department of Energy (DOE). This will be a gddnnected facility where consortia can
develop their prototype designs. Other current projects that are beingeithay the DOE
include Columbia power technol ogi éavestingevel of
device in Washington State and CalWave Power Technologies design of advances submersible
Wave energy convertors. Some further wave power schemes athetdiie of their electrical
power generation capacity are outlined on Table 4 below.

PROJECT STAGE| NUMBER TYPES OF CAPACITY PROJECT TITLE AND
OF PROJECTS (MW) DESCRIPTION
PROJECTS
Issued Preliminary 5 1 tidal 8.2 n/a
Permits
1 wave
3inland
Pending 16 4 tidal 3969.0 n/a
Preliminary Permits
5 wave
7 inland
Projects in Pre 3 2 tidal 251, P-12665 New York East River (NY
Filing for License Tidal Pilot (0.2MW)
1 wave . P-13015 Muskeget Channel (MA
Tidal Pilot (4.9MW)
P-14616 Pacific Marin€energy Test
Center South Energy Test Site (O
Outer Continental Shelf) Wave Te|
Center (20MW)
License Issued 1 1 wave 15 P-12713 Reedsport OPT Wave Pg
(OR) Wave Commercial (1.5MW)
License Issued fo 4 3 tidal 25|, P-12611 Roosevelt Island (NY) Tida
Pilot Projects ] Pilot(1.5MW)
1 river . P-12690 Admiralty Inlet (WA) Tidal
Pilot (1.0MW)
P-12711 Cobscook Bay (ME) Tida
Pilot (0.3MW)

P-13305 Whitestone Poncelet (AK
In-River Pilot (0.1MW)

Source: FERC 2014.

Table 4. Wave energy Projects hetUS,(IEC, 2014).
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The extractable wave energy potential along the Canadian coastline is estimated 16 be 10
GW, (MarineRenewables Canada, 2018). The West Coast Wave Initiative project (WCWI) is
one of the leading ventures for the development of wave energy in Canada. The project is
committed to increasing the contribution of wave power to the overall proportion of rdaewab
energy consumed. NeptuneWAVE, has recently developed and deployed a 200 kW wave
energy harvester in 2018 off the West coast of British Colombia in Canada.

2.2. Offshore Wind Energy Technologies

2.2.1Global/EU

While offshore wind provides just 0.3% of globaé@ricity supply today, it has a large
potential and is expected to play an important role in the broader energy system.

Offshore wind market projections show accelerated growth, with cumulative capacity
ranging from 165 to 225 GW by 2030, and lelaggepredictions for 2050 in the order of 500
GW (BNEF) to 1000 GW (IRENA).

Over the past years Europe has been where by far most of the of offshore wind installations
have taken place. However, over the next years, Asian countries will represent an increasing
share of the activity and is expected to be dominating the markets in the longer term.

According to the IEA European Union and China account for 70% of the global offshore
wind market to 2040, but a number of countries will enter the market and inttreasapacity

2.2.2China

The Guangdong, Jiangsu and Fujian provinces represent over 80% of development in the
next two years. Jiangsu and Fujian in particular represent the immediate market. However,
other regions such as Guangdong, Shandong and Zhejiarexpeeted to be GWV¥cale
markets by 202@025, and the OSW sector is expected to emerge in a range of other provinces
by 2020, including Hainan, Hebei, Liaoning, Shanghai and Tianjin. National targets for the
regions are outlined in the China 2020 Offshéfimd Development Plan. These are outlined
below.

Provinces have also set out regional OSW development plans, many of which are
significantly more ambitious than national targets. For example, Guangdong province has
developed the Guangdong Sea Wind Develapinilan (201-2030). This sets a target for a
total installed capacity of 12 GW by 2020 (of which 2 GW will be operational) and an
ambitious target of 30 GW installed by 2030.

Notably, Shandong province is not named within the national targets, but areere
significant provincial targets in place. The Shandong province OSW development plan is
targeting 28.6 GW, but the timing on delivery of this is unclear. Given the level of activity in
OSW in this province, there is potential that the national plarbeiidjusted to include this.
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Region

Tianjin

Currently

operational (2018)
(MW)

Grid con-nected by
2020 (MW)

100

Under con-struction
by 2020 (MW)

200

Liaoning

100

Hebei

500

Jiangsu

1,400

3,000

4,500

Zhejiang

200

300

1,000

Shanghai

300

300

400

Fujian

150

900

2,000

Guangdong

1,200

300

1,000

Hainan

100

350

TOTAL

2,170

5,000

10,050

Figure 9. China 2020 offshore wind development targets (NEA, 2016)

Key provinces:

1. JIANGSU

Jiangsu is the most prominent Chinese province in the OSW wind sector. It boasts the largest
operational capacity to date (IGAV) as well as the largest national target for development by
2020. This represents 60% of the national target. Ten projects, totalling 2.75 GW (as of April
2018), have been approved for construction during 2WI® with construction expected to
begin bebre September 2019.
There is a fairly welestablished supply chain in the province, including turbine

manufacturer

Gol

dwi

ndods

i nd u sottofipjécts o alates .

Du e

there are relatively higlevel local capabilities in theonstruction and installation supply
chain, including developers and design engineers. However, as th@biurate increases, it
is expected that bottlenecks may appear for which overseas support may be required. Jiangsu

is expected to remain the mostominent province in OSW until pe2020, when other

provinces are likely to reach similar capacities.

2. FUJIAN

Fujian target installed capacity rises from 0.9 GW and 1.1 GW under construction in 2020 to
7 GW installed by 2030. As of March 2018, only 0.1%/ @& operational, with 0.4 GW under
construction. However, five more projects are due to begin construction in 2018 with another

12 projects approved for construction.

Initial development in the region has been slower than anticipated due to challeapied se
conditions and typhoons. A report commissioned by ORE Catapult suggests that as a result
there is a strong appetite in the region for inward investment by European companies who can
help address these issues, accelerate the market and build lobdltepa

China Three Gorges is the leading developer in the region. There is extensive industrial
capability within the region and a key provincial company, the Fujian Shipbuilding Industry
Group, is positioning itself to take advantage of opportunitigkinvits competency. The
region is considering a centralised O&M hub in Putian.

3. GUANGDONG
Guangdongos
relatively slow start. OSW development in the province began in 2016, with ris&wtion

of fshor e

wi nd

sector i

S

expecH

of its first demonstration project. It has a very high level of ambition in OSW. It has announced

22



plans to approve or begin the construction of 10 projects totalling 3.65 GW in 2018. As of
March 2018, 1.6 GW of this was in construction. The @dang Sea Wind Power
Development plan also aims for 12 GW to begin construction by 2020.
Projects are planned for both shallow (<35 m) and deep wat&0(80) sites. In total, 15
projects are in planning in shallow water sites and 8 in deep water shies.atlded to the 1.6
GW in construction, this represents an enormous total of over 66.85 GW, which alone
represents more capacity than the UKG6s targe
Guangdong is highly focused on becoming an industrial base for OSW in Chinatiésctivi
and economic development are focused around the city of Yangjiang. Yangjiang has an
existing manufacturing base, mainly focusing on metal manufacturing (particularly knives and
scissors). The mission went to Yangjiang as part of a wider UK OSW delegaiting the
city. The existing cluster of OSW industry in the region includes major developers such as the
Three Gorges Group, CGNC, China Energy Conservation Group and Guangdong Electric
Group, and turbine manuf act sindstral baseifeor OPSVLs Mi n
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3 TECHNOLOGY -SPECIFIC PRIORITY NEEDS

3.1. Installation/ O&M / Decommissioning

The installation, operation and maintenance of GRHipment is an important part of
engineering applicatiomAs the installation and operation of ORE equipment has become a
challenge to be solved considering the constraints regarding costs for installatiosamnicie
maintenanceChina is expectingstoil and gas base to adapt to take over offshore installation
and maintenance roles, as has happened in Europe. A number of companies are already
developing experience in the sector, including the Chinese Offshore Oil Engineering Co,
Nantong Ocean Water ddservancy Engineering Co and Jiangsu DoaDa Heavy Marine
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Industry. Take the current situation of offshore wind (OSW) in China: to date, a number of
Chinese OSW sites have used an fHassemble at
assembled shorgde ad then shipped assembled to the installation site. This requires large
bespoke vessels and very calm conditions. As turbines get bigger, sites get further offshore and
demand for vessels increases, it i sssemklpect ed
of fshoreo approach, as typically wused in Eur
are very neashore, a shorbased CTV (crew transfer vessel) approach is typically adopted.
European operators have been forced into other strategasas SOV (service operations

vessel) as development sites move further offshore.

3.2.  Testing & Demonstration

A demonstration strategy is a key part of an overall-bms&ed consenting approach as
demonstration projects provide an opportunity for addrgssome of the scientific uncertainty
surrounding the licensing of marine renewable developments. The proposed Atlantic
Demonstration Strategy seeks to move the ocean energy sector from a state where there is
limited or no empirical data to sound sciemomsenting through the collection of empirical
data. It will provide a longerm strategy for the demonstration of ocean energy developments
in the Atlantic Area and will build on the current pioneering projects in this area and consider
what support wilbe required to enable further demonstration projects across the Atlantic Area.
The demonstration strategy should seek to provide answers to the environmental unknowns for
ocean energy technologies and to promote the use of best available techniquesisaaf as
sonars, videos, tagging and strategic survey. It should also consider support for further
demonstration of monitoring techniques / technologies.

The proposed demonstration strategy will not only assist in the consenting of future marine
renewable developments, but also assist future demonstration strategy projects by providing a
protocol through which empirical data can be collected in the future to characterise the
likelihood of collision risk impacts from tidal turbines and other oceaergy technology
developments. Without this progressive research, it will prove difficult to consent with
confidence further marine tidal turbine developments where there is potential for significant
marine mammal interactions, without the potential fegrous restrictions which risks making
future projects unviable.

Concerns with respect to the potential impact of tidal turbines and other ocean energy
developments on marine mammals arise from the potential for mortality or injury through
collision with wrbine rotors or other moving parts within an ocean energy development array.
To evaluate these risks there is a clear need to improve understanding about whether animals
can perceive the impact risks associated with these devices and whether theyrtakéaspp
macro, meso and micro avoidance action to avoid collisions.

A series of geographically discrete and technology specific sites will also be considered as
future demonstration strategy projects to trial ocean energy development environmental
performance and/ or the effectiveness of mitigation techniques such as the use of acoustic
deterrent devices to deter marine mammals (and fish) from entering ocean energy arrays. See
Table below for a preliminary list of potential sites for consideration.
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