Energy from Oceans - Australia Energy Futures 
In the second episode of ABC Radio National Science Show series Energy Futures, Carl Smith looks briefly at Hydro energy and explains how the technology has ‘stagnated’ in recent years.
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Transcript
Carl Smith: You're listening to 'Energy Futures' on The Science Show, I'm Carl Smith.
Now, wind also drives another valuable energy source here in Australia.
Peter Osman: You were listening to me coming in and out of the water. I've been paddling my sea kayak, and I've just landed.
Carl Smith: Dr Peter Osman, ocean energy specialist from the CSIRO, at Shelly Beach in Sydney.
You were bobbing up and down on some pretty meagre looking waves today, it's quite a tame day at the beach. But those waves are things that interest you because they are full of energy. What kind of energy is that?
Peter Osman: Well, it's called ocean renewable energy, or more specifically wave energy, and there's enough in Australia on the south coast of Australia to supply five times our electricity needs. There's a lot of it, 1,300 Terawatt hours. What we got out there though today would be barely enough in a metre of wave coming at you to keep a little light emitting diode going, hardly that.
Just around the corner there's quite a bit more, because you can always find some waves somewhere. It originally comes from the Sun. The Sun creates wind and the wind blows over vast areas of ocean, thousands of kilometres. And as it blows it pushes the water and creates a wave movement, and that wave movement is basically up and down and it transfers its energy from one point on the water to the next point on the water to the next point, and all that energy travels thousands of kilometres and winds up here.
Carl Smith: Peter, you said that we have just on the southern coast of Australia enough to power Australia five times over there, but these waves out here that we are looking at, that's not the kind of waves you are saying that we could tap into, is it?
Peter Osman: Not the ones here, not at the moment, no. You need something of at least about a metre high. But there are all sorts of ways of taking energy out of the ocean, there's all sorts of ways of gathering wave energy. And this is a sheltered area…well, you wouldn't put a wave energy in a sheltered area, let alone put it in a tourist area. You'd put it somewhere where it was not going to interfere with the environment, you'd put it somewhere where there are decent sized waves, and that south coast is the best candidate. But nobody has really explored the east coast, nobody has really thought what could we do along the east coast of Australia, because there are more complex waves here.
Carl Smith: But others at CSIRO are working to understand those waves. In fact, they're developing a wave atlas.
Mark Hemer: I'm Mark Hemer from the CSIRO Oceans and Atmosphere Flagship down in Hobart. I'm leading a project on Australia's wave energy resources, trying to map out where Australia has resources.
Carl Smith: Of the ocean's various energy sources, waves have emerged as having the greatest potential for generating electricity in Australia.
Mark Hemer: Our concentration on waves has really come out through some initial assessment that we did of other ocean energy resources, and in those I include tidal energy and ocean thermal energy, and large scale ocean current energy. And I guess the focus on waves really came out as being that's by far the largest resource for Australia in the ocean. I think it's got to the point where we know that Australia sits on probably the world's most attractive wave energy resource.
Carl Smith: And he says the fact that the wave atlas project has been funded is a sign of good faith towards wave power.
So where are the best sites?
Mark Hemer: We know from our initial studies that there's a huge wave resource around the Australian coast. If you look at the wave energy which hits the Australian coast between Geraldton on the West Australian coast and the south coast of Tasmania, the energy that hits that section of coast is about five times larger than Australia's total energy usage at the moment. So we know that wave energy is not resource limited, but the specifics of that resource is what we don't know, and that's what this atlas is aimed at.
Carl Smith: You mentioned the Southern Ocean there, but why is it that Australia has such a huge resource of wave energy?
Mark Hemer: The Australian southern coast being exposed to the Southern Ocean, the Southern Ocean is the region of the strongest winds in the world, the Roaring 40s or the Furious 50s, so it's in that region that waves are generated, from those storms. And they travel up towards the southern Australian coast before they lose all their energy, when they break on our coast. So the idea of wave energy extraction is to be able to harness that energy before it's all lost by breaking at the coast.
Carl Smith: Where is it that we can look to actually start harnessing some of this energy?
Mark Hemer: One of the most rigorous constraints at the moment for wave energy development is proximity to the power grid. And so at the moment that really defines where wave energy is attractive. And so along the Australian coast there are actually very few areas where the grid is proximal to good resource.
Carl Smith: So plenty of wave energy, not a lot of great sites to capture it. But how would we go about actually turning any of that bobbing motion into electricity?
Mike Ottaviano from Carnegie Wave Energy:
Michael Ottaviano: I have just come back in from being out offshore in my board shorts and snorkel and goggles, having a look at a large 11-metre diameter steel buoy, bobbing up and down off the coast of Garden Island here in Western Australia, and that's Carnegie's first CETO 5 wave energy converter device, which is delivering energy ashore onto Garden Island.
The way that we do that is by having a buoy that sits just under the ocean surface, and as the waves come through they push and pull that buoy up and down. And every time the buoy moves up, that's the power stroke, it pumps a jet of water back through a pipe ashore. It's fresh water, it's operating in a closed loop system. That pulse of fresh water gets sent ashore, hits a turbine which spins a generator and generates electricity. So onshore you can think of it like a hydroelectric plant, and offshore is really a wave-driven pumping system
Carl Smith: So these giant steel floaties are tethered to the sea floor by a pump, and they sit underwater beyond the breaking waves.
Michael Ottaviano: The bulk of the wave energy that's available around the world is going to exist in water depths more than 20, 25 metres of water depth where you don't have so much interaction between the wave itself and the sea floor. As soon as you get into shallower water you start to lose some of that energy. So Carnegie has gone to where the energy is at its maximum in the sense it's in deeper water. And as most Australians would know, those of us who hang out at the beach a lot, when a wave comes through, that can be very destructive, and the safest place to be is to be under the wave. So if you are at the beach and you see a wave coming, you naturally want to dive under that wave. That's exactly what Carnegie's wave device CETO does, it sits beneath the ocean's surface so it never sees those destructive breaking waves.
Carl Smith: Although wave energy technology is still in its infancy, the Carnegie system is emerging as a frontrunner. In 2015, the Garden Island project in Western Australia became the first wave energy farm in the world to connect to an electricity grid.
Michael Ottaviano: This is genuinely an Australian company leading the world here at the moment, having a system that no one else has been able to deliver to date. But we are really just at the start of the journey still. We will have by the end of the year spent $100 million commercialising this technology, and that will be the hardest $100 million we've ever had to spend because we've gone from a concept into a proven operating system, and it's now about scaling it up. And as we scale that up I think we will slowly convert more and more of the sceptics that are out there at the moment that are saying, you know, waves are too hard.
Carl Smith: Could you tell us about what kind of interest you're having and exactly what kind of scenarios this could be used in?
Michael Ottaviano: So there are two main markets for a technology like CETO. One is offshore power stations supplying a mainland grid. The other obvious market for what we do are islands, and the more remote an island, the more difficult power and water supply is to those islands, and they are typically supplied from diesel that gets shipped in. We can come to an island, and without any aesthetic impact because we are sitting below the ocean and without any obvious environmental impact we can supply them with power in a package solution. So we've got a number of discussions going on at the moment with island markets, and we also have a relationship with a large European power generator, a company called Électricité de France, EDF, who are probably the biggest power generator in the world.
Carl Smith: While the technology may be suited to some situations, it's still a long way off from competing with other methods of electricity generation in terms of cost. Even long-term projections assume wave energy will remain one of the most expensive options in Australia.
Michael Ottaviano: We are in a harsh environment, it's energetic, it's wet, which makes it difficult to install and to maintain if you've got a system that requires a lot of hands-on maintenance. And it's salty. From a storm point of view, Carnegie has taken a view that being under the ocean's surface is the best place to be and therefore we are going to come up with a fully submerged technology, which is what we've done.
There's other things we do do in storms, we do have a system to de-tune and absorb and dissipate energy when waves get very large, so that we are not sending that energy through the system, and protecting the rest of the system. From a more general point of view though, yes, we've got to have a system that is able to do millions and millions of cycles in a salty, wet environment, and not need regular maintenance, because that will kill your costs. If you've got to have divers and boats heading out there constantly to maintain things, then you just won't have a cost competitive technology.
Carl Smith: Even if costs come down though, there would surely be some concerns over how wave energy devices interact with beaches, surf breaks, and the environment. But Dr Mike Ottaviano says Carnegie's technology gets around those problems.
Michael Ottaviano: Being fully submerged, while it's primarily about survivability, it has this wonderful benefit of meaning that you are invisible, effectively, from the beach. So you can stand on the beach and look out and you might be looking at a 100 Megawatt wave farm and you would never know. That was pretty clear to us at the start, there were alternative approaches where you could have a large floating style power station, but having 100 of those in a wave farm just wouldn't be acceptable, was our view.
We also do though a lot of work upfront to make sure that we are not in conflict with other ocean users. So we're never going to put a Carnegie wave farm in the middle of a shipping lane, for example, that would just be dumb. We don't want breaking waves, so we are never going to be in a surf break. We don't want to be damaging any sort of sensitive ecological environment, so we're never going to go and put ourselves on the top of a reef or anything silly like that as well. So we do a lot of work ourselves but we also do a lot of work with some of the local universities and indeed CSIRO on our interaction with the environment.
One of the things we've learnt is that we are a FAD, by which I mean a fish attracting device is the technical term. So because we are a subsea structure, we are effectively another point of shelter for sea life, and a great example of that was one of the earlier versions we had baselined that site and counted the number of species living there, the number of fish species living there, and found seven in the area. And after we'd been operating just a couple of weeks we found 27 species living there. So we certainly don't want to have a negative impact on the environment, and it looks as though we will probably in fact have a positive impact.
Carl Smith: You're listening to 'Energy Futures' on The Science Show, I'm Carl Smith.
We've been hearing how wave energy could be harnessed to generate electricity.
Peter Osman from CSIRO says there are other sources of energy in the ocean, but wave power has the most potential.
Peter Osman: Because it's so widely distributed, it's available along great lengths of the coastline. Tidal is a very useful but niche area. There's probably not as much tidal energy anyway in Australia, but where it does exist it's potentially very useful. For example, up in the Kimberleys. But it is an area-specific opportunity, whereas wave is much more general to the south coast and maybe even the east coast.
Carl Smith: With tidal, how are we generating energy and where are the hotspots around the country?
Peter Osman: Derby is very definitely a hotspot in the Kimberleys. There is an area where the tidal range is very large indeed. I think a lot of the issues there might be civil engineering and impact on the environment, but I believe they are making progress in both those areas. So that's one to look out for. And then the other hotspots, certainly Port Phillip, Banks Strait just off Tasmania, good areas where you can either get tidal currents or ocean currents. There are companies that are looking very, very seriously at generating tidal, so you certainly don't discount it.
Carl Smith: How do we harness that? What's the technology for tidal?
Peter Osman: It used to be a thing called a barrage, which is like a wall across the tidal inlet. You open gates in the wall and the tide rushed in and then you closed them. That's not terribly environmentally friendly and isn't done anymore. So nowadays they tend to use column, vertical access propellers or horizontal access propellers embedded in the water, so fish can get past them, silt and sand can get past them.
Carl Smith: So rows of propellers on shafts to capture the rush of water in or out as the tide or a current flows by. But there isn't as much energy in that. Predictions vary, but Australia's tidal energy is likely less than a tenth of the available wave energy, and there are fewer sites to capture tidal power.
So how will ocean energy fair against our other energy sources?
Peter Osman: It's a bit unfair to do a comparison against either wave or the rest of the renewable energy because it is an important niche opportunity. Wave and tidal, both of them, their success is largely dependent not only on technological capability but on the price we put on the value of renewable energy over ordinary energy. There is a value not only to renewable energy but to when it's available.
Let's say, for example, we become very dependent on solar and wind, and yes we do have good storage but nevertheless you have a long period of clouds and no wind perhaps, but you may well have waves because it's blowing on the other side of the world. So it has a value there as one of the technologies that can take over. If that value is perceived, if people perceive it's important to have renewable energy to reduce greenhouse gases, then it's likely that we will have 5% to 10% of ocean energy by 2020, 2030. That's our best projection. But there are so many variables there.
Maintenance, how do you maintain these? I think that's a big issue. And scale-up is probably one of the major issues. So typically a wave generator might be anywhere between 100 and 700 Kilowatts of power, bearing in mind that a power station is a Gigawatt. So 1,000 times bigger is a power station. So you'd need a lot of these to generate energy, you'd have to have a farm. Yes, it is more expensive, but yes, so was solar. Solar was more expensive than wind a few years ago, and now it has become very cheap.
Carl Smith: Harnessing the power of waves holds the most potential of ocean energy technologies, but there are plenty of limiting factors.

