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(Source: Ocean Power Technologies) (Source: AWS Ocean Energy)

(Source: Ocean Power Delivery Systems)

2. Onshore Systems

Onshore systems are built close to the coast and utilize the power that is

generated from the breaking waves.
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Oscillating water column
The oscillating water column consists of a partially submerged concrete
or steel structure that has an opening to the sea below the waterline. It
encloses a column of air above a column of water. As waves enter the air
column, they cause the water column to rise and fall. This action
alternately compresses and depressurizes the air column. As the wave
retreats, the air is drawn back through the turbine as a result of the

reduced air pressure on the ocean side of the turbine.(DOE)

(source: Oceanatlas.org)

Tapchan
The “tapchan”, or tapered channel system, consists of a tapered channel,
which feeds into a reservoir constructed on cliffs above sea level. The
narrowing of the channel causes the waves to increase in height as they
move toward the cliff face. The waves spill over the walls of the channel
into the reservoir and the stored water is then fed through a

turbine.(DOE)
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(source: Oceanatlas.org)

Pendulor device
The “pendulor” wave-power device consists of a rectangular box, which
is open to the sea at one end. A flap is hinged over the opening and the
action of the waves causes the flap to swing back and forth. The motion

powers a hydraulic pump and a generator.(DOE)

3. Thermal Energy Conversion Technology

Thermal energy conversion capitalizes on the heat stored in the oceans to create
electricity. Areas where the temperature difference between the warmer
surface water and colder depths is around 36°F produce the highest electricity
generation. Most of the suitable areas for this type of development are located

in tropical waters.(DOE)
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Closed-Cycle
These systems use fluid with a low-boiling point, usually ammonia or
propane, to rotate a turbine to generate electricity. Warm surface
seawater is pumped through a heat exchanger where the low-boiling-
point fluid is vaporized. The expanding vapor turns the turbo-generator.
Cold deep-seawater—pumped through a second heat exchanger—
condenses the vapor back into a liquid, which is then recycled through

the system. (DOE)

Open-Cycle
These systems use the tropical oceans' warm surface water to make
electricity. When warm seawater is placed in a low-pressure container, it
boils. The expanding steam drives a low-pressure turbine attached to an
electrical generator. The steam, which has left its salt behind in the low-
pressure container, is almost pure fresh water. It is condensed back into a

liquid by exposure to cold temperatures from deep-ocean water. (DOE)

4. Tidal Power

Tidal power consists of three different technology classifications: Barrage or
dam technology, tidal fence technology, and tidal turbine technology. Each

technology utilizes the flow of the ocean’s tides to turn turbines.
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5. Barrage or Dam

Barrage and Dam technology produces electricity when water is forced through
turbines as tides advance and recede. Generation units are installed on dams
and when a water differential is produced by the tides water is forced through

turbines.

Tidal Fence
Tidal fence technology capitalizes on the movement of water into and out
of a physical geographic feature such as a bay or between islands. Water
moving into a bay during high tide is channeled into a turbine. The
technology and be attached to the underneath of solid structures that

submerged foundations such as bridges.

Tidal Turbines
Tidal turbines function like wind turbines, but capitalize on ocean
currents, mainly coastal, that mover under the ocean’s surface. The
blades of the turbine rotate as the flow of water produced by the tides
pass over the turbine. The kinetic energy of the water currents are much
great then that of air currents and theoretically produce more energy at

much lower velocity.
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(C) MCT Ltd 2003

Source: MCT Ltd 2003

X. Hydropower

A. General Overview

Over two thirds of the Earth’s surface is covered by water. Hydroelectric power,
which taps the energy of flowing and falling water, provides the world’s fourth
largest source of electricity, after coal, natural gas and nuclear, and its largest source
of renewable electricity. It is the most mature of all energy technologies, since
humanity has been using water to perform work for thousands of years, from ancient
water wheels that ground grain to the first large-scale production of electricity in the
1880s. Currently hydropower supplies 88% of the total electricity generated from
renewable sources. Developed nations have made extensive use (Norway at 99%) of
this natural resource, while emerging areas such as Africa (at 7%) have only

developed a small percentage of their potential. World-wide there is considerable
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potential to expand hydropower, especially in Africa, China, India and South

America.

Because hydropower does not involve combustion, it emits no greenhouse gases, beyond the
carbon dioxide from the production of concrete for dams. Large-scale hydropower projects
provide additional benefits in the form of flood control, water supply, recreation and irrigation.
Recently, however, the environmental and social impact of large-scale hydropower has
received more attention, including its effect on animal habitats, downstream land usage,
sedimentation, fish spawning, resettlement issues, flood defenses, riparian recreation, and
water quality. The combination of these issues could limit the ultimate extent of hydropower

utilization.

Hydropower captures energy directly from the currents or pressure changes resulting from
flowing or falling water. The potential electricity generation from traditional hydro depends on
the flow rate and the vertical fall of the water. Turbines convert the resulting water pressure
into mechanical energy which in turn drives a generator that produces electricity. Hydropower
is considered “firm” capacity, since the generating units can be started and stopped quickly to

follow grid demand

There are three general types of hydropower facilities:

* Impoundment is the most common for a large facility. A dam is
constructed to accumulate river water in a reservoir. Water is then
released from the reservoir, flowing through turbines to generate
electricity. The water flow rate can be controlled to match the production
of electricity to demand.

* Diversion, which is commonly called “Run of River.” Water is diverted
from the main stream of a river to produce electricity and is then returned
to the river, downstream.

* Pumped Storage is used when demand for electricity is low. Excess

electrical capacity is used to pump water uphill to a holding reservoir.
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During periods of high demand the water is returned to the main

reservoir, generating electricity.

Hydropower projects fall into two main categories, by scale of operation:

Large-scale Hydropower — Dams of various sizes have been used to generate
electricity since the late 19" century. In the U.S. between 1930-1970 federal and
state governments sponsored the construction of many large, multi-purpose dams
that provided water supply, flood control and electricity. Because most large
U.S. hydropower plants have been fully depreciated, they provide the lowest cost
renewable component of our current energy mix. Sites for new large-scale
hydroelectric facilities are scarce in the US, and the costs are significant, though
still competitive with other technologies. Over the life of a new facility, the cost

is approximately $.03-$.04/kWh

Small-scale Hydropower — Modern, small-scale hydropower includes two
different technologies that are often referred to as “Run of River”: the
“diversion” approach described above, and the newer ‘Instream Energy
Generation Technologies’ (IEGT) that harness the natural movement of flowing
water. Small-scale hydropower is one of the most cost-efficient and reliable
energy technologies available for the production of electricity. Small hydro has
high energy efficiency (70-90%) and a life expectancy of 50 or more years.
Various sizes of installation are available. In general small hydro is usually
considered to be installations that generate less than 10 MW. Recently smaller
segments have emerged such as mini-hydro which is < than 1,000 kW and micro-
hydro which is considered to be anything less than 100 kW. and can be matched
to the application, with power output a function of the velocity of the water flow.
Small-scale hydro has fewer of the problems associated with large hydro
projects, largely because it stores little or no water, thus minimizing its impact on
its surroundings. Under favorable conditions run-of-river hydropower costs can

be as low as $.02/kWh, although they are generally in the range of $.04-.06/kWh.
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B. Conclusions

Hydropower is a mature, dependable and cost-effective technology that is available
for immediate deployment. Given access to water and the right terrain, this is one of
the cheapest long-term sources of renewable energy. Large hydro projects have high
up-front environmental, engineering and construction costs, but these are offset by
their long asset lives and low operating costs. Hydropower also provides the highest
“energy payback” ratios (energy produced during its productive life divided by the
energy required to build and maintain) of any power technology, over 200:1,
compared to coal at 11:1, wind at 39:1 and solar photovoltaic at 9:1. Despite this,
US electricity production from hydropower has been declining, due to changes in
precipitation patterns and opposition to existing and planned hydropower installations
on the basis of their environmental impacts, with several dams being

decommissioned.

C. Key Drivers

Water availability and topography (elevation) are the main factors in determining if a
hydro application is feasible. Other drivers include:

* Regional economic growth, including electricity demand growth

* Available capacity of electric transmission infrastructure

* Government mandates and incentives, including renewable portfolio

standards (RPS), if applicable to hydro

* Concerns about greenhouse gas emissions

* Social and environmental opposition to the impacts of hydropower

* Costs per kWh (O&M costs) relative to other technologies

* Energy security concerns

e Alternative uses for the land
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D. Current Status

U.S. hydropower generated 270 TW-hr of electricity from a capacity of 77.4 MW in
2005, accounting for 6.7% of net generation. Capacity has been decreasing due to
recent weather conditions and the trend to decommission existing dams due to
environmental concerns. Globally, India and China are each constructing significant
quantities of large and small-scale hydropower, and the future growth in worldwide

hydro capacity will be driven primarily by developing countries in Asia and Africa.

Extent of the economic hydropower potential that is
currently being utilized.

Data source: World Atlas of Hydropower & Dams, 2005

E. Future Projections (2020&2030)
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Electricity production must grow to meet demand, especially in China and India.
“Run of river” opportunities abound world-wide and will be an important area of

hydroelectric growth for both developed and under-developed countries.

Projected Regional Growth for Hydropower
Amounts in Gigawatts

Under

Installed | Construction Planned Total Key Points:
Africa 21 4 82 107 * Africa and Asia are experiencing significantgrowth of >50%
Asia 258 93 266 617 * S.Americais exeriencing moderate growth ofappx 40%
Australasia 13 0 0 13 * Worlds hydro capacityis poised to increase by75%
Europe 170 3 13 186 * Asia will be responsible for 64% ofall future hydro growth
N/C America 163 4 19 186 * Minimal future growth planned for developed countries
S. America 121 15 65 201
WORLD 746 119 445 1,310 Source: World Atlasof Hydropower & Dams- 2005

US production of hydroelectricity will be relatively stagnant, as environmental
concerns cause more dams to be decommissioned, and plans for new dams are put
on hold. However, there is significant growth potential in the US from utilizing
“run of river” hydro, upgrading existing hydropower facilities, and adding

powerhouses to some of the 98% of US dams with no power component.

F. Limitations

1. Technical

* Dams: Although the technology is mature, some older dams are being
refitted with improved turbines that are more efficient and “fish friendly.”
* “Run of River”: A variety of small-scale technologies is available today.

Standardization and increased demand should help to lower costs.
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2. Footprint

The emerging challenge for building hydro projects is to balance social and
environmental concerns throughout their planning, construction and operating
phases. Construction of new dams in the U.S. is being deferred, and existing
dams decommissioned due to environmental concerns. Large hydropower
projects have been increasingly tied to negative ecological and socio-
economic impacts, primarily fish populations and land use, Large-scale
hydropower can impede fish spawning and migration, and it exposes fish to

physical stresses, if they pass through the turbine.

Another example of environmental concerns is the degradation of the Sierra

Nevada aquatic ecosystem — the state of California estimates that two-thirds of

its native fish are extinct, endangered or in decline, with dams cited as a major

factor. In addition, recent studies have reported that hydroelectric power
plants in tropical regions may produce substantial amounts of methane and
carbon dioxide, due to the decay of inundated plant material in an anaerobic
environment. The gases are released into the atmosphere once the water is
discharged from the dam.

* Run of River — Generally speaking the smaller “Run of River” projects
have a higher level of public acceptance, since they cause few
environmental problems and can adapt to meet local concerns.

* Both dams and Run of River can be affected by unusual weather. Too
much rain may result in flooding and too little rain may result in the

inability to produce electricity.

G. Future Advances

The long-term growth of hydropower is tied to reducing its impact on the local
environment.
e Large-scale Hydropower - Technology will slowly improve with the

future refinement of turbines, especially in their impact on fish. New
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designs are focusing on reducing the amount of turbulence, pressure

change and sheer that occur within the turbine, to reduce the mortality rate

of fish passing through hydropower turbines from 5-15% to 2%.
Run of River —The development of Instream Energy Generation Technology
(IEGT) further reduces the modest footprint of run-of-river hydropower.
IEGT systems can operate in rivers, canals, tidal areas and oceans, using water
flowing in its natural pathway to turn a turbine. IEGT does not rely on
conventional hydroelectric principles (impoundment, diversion of water, etc.)
and its installations do not require large civil works. In general IEGT has few
environmental drawbacks (i.e. turbines are fish friendly, no impact to the
surrounding ecosystem). IEGT requires a strong, steady current velocity (5+
feet per second) and a minimum depth of 20 feet. Systems are anchored to the
river bed but the turbines are positioned approximately 8 feet below the
surface. Most IEGT turbines are designed to accommodate bi-directional
flow depending on the application. Tests of this technology are currently
underway (East River, NY). Future improvements will be focused on
designing smaller units that can be used at shallower depths and units that can

operate at reduced flow rates.

H. Relevant Public Policy

Public policy towards hydropower is inconsistent and sometimes conflicted.

Although generally included in most tallies of renewable energy, hydropower does

not always count towards satisfying state Renewable Portfolio Standards, and until

the Energy Policy Act of 2005, new hydro facilities did not qualify for the Renewable

Energy Production Tax Credit. Rather than further exploiting this mature technology,

dam operators are on the defensive, as environmentalists challenge their operations as

detrimental to native water wildlife or the surrounding environment, sometimes

successfully. Re-licensing of older facilities is no longer a foregone conclusion, as

environmental groups are challenging the benefits provided by the dams with

evidence of environmental and ecological damage.
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Environmental concerns are impeding further hydropower development the United
States, and current public policy appears inadequate to address the uncertainties and
delays faced by developers in obtaining licenses and approvals. All of this increases
the investment risk of this proven renewable energy technology. As the public
perception of hydropower’s net benefits declines, large projects and investment
dollars within the U.S. are in short supply. Hydropower lost more than one-third of
its production between 1995-2001.
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