Can Massive Cargo Ships Use Wind to Go Green?
by Aurora Almendral
June 24, 2021 (abridged) – In 2011, Gavin Allwright was living in a village outside Fukushima, Japan, with his wife and 3 children.  Then a powerful tsunami destroyed the coastline, splintering homes into debris, crashing a 150-foot fishing boat into the roof of his wife’s parents’ house, and setting off a power-plant accident that became the worst nuclear disaster since Chernobyl.
Allwright had a background in sustainable development, especially as it relates to shipping.  In his travels in East Africa and Bangladesh, he had watched traditional sails and masts replaced by outboard motors.  The move locked people into a cycle of working to buy fuel, damaging their lives and the environment....
To escape the aftermath, the family moved to Allwright’s hometown on the outskirts of London.  He thought about shipping.  It produces 2.9% of global CO2 emissions, almost as much as the entire continent of South America.  With every country benefiting from global trade, it could be argued that shipping is everybody’s responsibility.  But it is treated as if it is nobody’s.  In the vast but liminal space of the ocean, cargo vessels — some of the largest machines on the planet — have generally operated in obscurity.  The industry’s greenhouse-gas emissions have only grown as world trade has expanded, about 10% in the last 6 years.  Shipowners, charterers and regulators have done little about the situation.
Allwright had previously spent 10 years working with a group that tried to build small cargo ships that would run on wind power, to eliminate their carbon footprint.  It underscored for him that sails aren’t a relic of the past.  At the most fundamental level, the way modern sails work is similar to the way sails did 1,000 years ago: as wind moves against their curves, it creates a high-pressure system on one side and a low-pressure system on the other, resulting in a forward thrust that pushes the ship along.  But the design, materials and size of modern sails, along with the ships’ movements, allow them to harness significantly more power from the wind than the cloth sails of the past — enough so that they can move a huge cargo vessel.  In conjunction with fuel, modern sails can power ships with something close to the speed and predictability to which the global economy is accustomed.
The group Allwright worked with never managed to get the ships built.  Looking back on it, he believed it was a commercial failure, not a technical one.  In 2014, he started the International Windship Association, a trade association.  It brings together disparate groups of inventors, researchers, and others who wanted to get modern wind propulsion on cargo vessels — not to replace fuel entirely, but to require considerably less of it.
...
When Allwright brought up numerical targets for CO2 emissions from shipping, someone shouted that it would never happen.  “It’s a fantasy!” another yelled.  Then, in the last couple of years, something shifted.  The industry has been facing more pressure to emit less carbon.  But one of the most talked-about methods of reducing shipping’s carbon footprint — using alternative fuels such as hydrogen — is costly and difficult to pull off.  Wind propulsion, on the other hand, is already available.
... Fuel can be expensive, especially if, in the future, the price of oil spikes, taxes on carbon emissions drive up its cost, or the industry is forced to shift to green fuels.  Wind is free.  If wind-propulsion technologies could be offered cheaply enough, the reduction on fuel use from wind-assisted ships may well make them more cost-effective than conventional combustion-engine ones.
Allwright’s trade association has grown, with about 40 companies now developing wind-propulsion technologies.  They include a Finnish company that is installing sails on existing vessels, as well as businesses in Britain, France, China and Japan.  15 large wind-assisted ships are already on the water.  Another 5 are expected to go into sea trials and enter the market soon.  And more than 20 are in late-stage prototypes.
Yet unanswered is whether the sails can be made cheaply enough — and can save enough fuel — to make it worthwhile to install them.  “Can we harness the wind?” Allwright asked.  “Yes.  Can we do it at a cost that is tolerable to the market?  That’s the question we’re answering now.”
One afternoon in late April, I boarded the MV Afros, one of the wind-propulsion ships already in use, which is working as a cargo vessel and providing an early proof of concept.  A conventional combustion-engine ship has a life span of 20 to 30 years.  This initial stage of modern wind propulsion largely involves retrofitting sails onto existing ships, using wind to cut down on some fuel use until the ships are scrapped.  The MV Afros was fitted with sails from the start, using Flettner rotors, a technology that has existed since the 1920s.  The rotors — spinning cylinders powered by the ship’s diesel-fueled generator — are mounted on the deck of the ship.  Though they bear no resemblance to the sails of old, they function like them: wind splits into high- and low-pressure systems when it hits the rotors, creating thrust that pulls the ships forward.
The MV Afros, named after a Greek word for the white foam on the tip of a wave, had just pulled into one of the berths of St. Bernard Port in New Orleans — its 1st discharge stop after a 34-day voyage from Gwangyang, South Korea — to unload a cargo of cold-rolled steel coils.  I stood on the deck and peered down into one of the holds, where a pair of dockworkers in high-visibility vests stood deep in the bottom, scarcely taller than the coils of steel and dwarfed by the cavernous scale of a ship built to carry more than 63,000 metric tons of goods.
The rotors were on the starboard side: 4 columns painted in white, each 52 feet tall and 7 feet in diameter — wide enough for a seafarer to crawl in and make repairs.  I clambered around the deck, past heaving cranes and over thick, greasy coils of mooring rope, and ran into 3 deckhands in hard hats and orange jumpsuits.  They boarded the Afros just 4 days earlier, during a brief stop at the Panama Canal.
I asked them what they thought of the sails.  They were, at first, confused.  Then I gestured at the rotors.  They told me it was the 1st time they’d seen such a sight or heard the deep whir that comes from the rotors at full spin.  Their 1st thought was excitement.  “High-tech,” one of them said.  The next thought was of obligation.  “Of course, it adds to our work,” he noted — a new set of maintenance hassles to deal with.  “But when it comes to the environment, it helps.”
The Afros was the brainchild of Costas Apodiakos, a member of the 3rd generation of a Greek shipping family....  He became interested in using sails on his cargo ships, but it took another 20 years before wind-propulsion materials became light and cheap enough and the technology advanced enough — and nearly another 20 years before Apodiakos could develop, test and install rotors on the Afros....  That was in 2018.  In the 3.5 years since, the Afros has been bouncing to ports around the world — 59 of them so far — carting sand, fertilizers, iron ore, manganese, soybean meal, steel slabs and sulfur.
Apodiakos’s wind-propulsion company, Anemoi Marine Technologies, is now beginning to sell its rotor sails to others, for $350,000 to $1.1 million apiece, depending on the size, with another $500,000 in installation costs.  An Anemoi representative says the company is planning to install 3 rotors on a customer’s ship in 2022.
On the bridge overlooking the deck and sails, Antonios Mandas, the 1st officer, showed me the controls for the rotors.  I was surprised at how simple they were.  There are 4 yellow remotes, one for each rotor.  Each remote has 8 big black rubber buttons used to control the trolleys that slide the rotors along the deck, so they can be moved out of the way of cranes at port.  On the ship’s main control panel, a small, mint green console the size and shape of a pulpit controls the speed and movement of the rotors in the open ocean.  There is a monitor displaying data such as wind direction and a key for a manual override.  Most of the time, the crew leaves it on automatic.
The rotor sails, unrecognizable to most people in the shipping trade, garner quite a bit of attention.  Mandas said that people on other ships radio the Afros after seeing them from afar, asking what, exactly, those things are.  He tells them they help save fuel, add speed and reduce environmental damage.  Longshoremen at the ports inquire about how they work; some wonder if they’re wind turbines or some kind of cargo that the ship will be discharging.  Off the coast of Vancouver, members of the Canadian Coast Guard, fascinated by the sails, asked the officers to turn them on so they could see them spin.
...
Flettner rotors, like the ones on the MV Afros, are among the 1st in the water and can be installed in a matter of hours.  But their reduction in fuel consumption is limited; they save an average of 3% to 15% on fuel.  Other sails in the works are projected to save as much as 30% of fuel use, on average.  They will be bigger and more powerful, with more sophisticated automation, maybe even augmented-reality cameras to compensate for sails blocking the view of the horizon.
Some of the ships under development use soft, square sails stacked onto masts, like the famously fast clipper ships of the 19th century, but with sleeker, larger designs.  Others look nothing like the ships of old.  One design calls for a narrow-bodied ship rising high above the water, so that part of the hull itself functions as a sail.  Another has a line of smooth, hard, upward-reaching sails along its center, arranged like the plates of a stegosaurus.  A 4th features rigid rectangular sails that would retract to allow ship-to-shore cranes to pull containers off at port.  There are even plans to fit cargo ships with huge kites that unfurl ahead of them, pulling the ship along on a good wind.
Over the past several years, some important players in the shipping industry have begun to invest in decarbonization, including wind propulsion.  A.P. Moller-Maersk, one of the largest vessel operators in the world, has studied technologies that could help.  So has Cargill, the food-and-agriculture company, which is a major charterer of ships.  “We really see this as a massive change coming at us, and we better be part of that,” Jan Dieleman, the head of ocean transportation for Cargill, said.  Cargill looked at the wind-propulsion technologies available, including kites and rotor sails, and made a notably bold move.  It chose to work with BAR Technologies, a start-up in Portsmouth, England.  Cargill committed to pay for the company’s 1st sails — and the cost of installing them on one of the ships that Cargill charters — with the help of a grant from the European Union.  Beyond that, Cargill aims to charter at least 20 new wind-assisted ships over the next couple of years.
...
Today’s seafarers no longer know their way around wind; conventional combustion-engine ships mostly take the shortest straight-line route to their destination.  Part of an effective wind-propulsion system is software that can guide the ship onto routes that might not be the shortest — but, because of how the wind is moving, could be more fuel-efficient.  During a windy stretch, a cargo vessel could turn off its engines and be propelled entirely by the wind.  Modern wind propulsion, then, depends on teaching software, not seafarers, to gauge the best route.
...
Bright yellow masking tape was arranged in loops on the floor — the central section 33 feet wide, with 2 sections 16 feet wide on either side — running nearly half the length of the office.  These were outlines, at full scale, of BAR Technologies’ WindWings.  The sails are designed to be fitted onto tankers and dry-bulk carriers, which transport unpackaged goods such as grain or coal.  Schofield looked up the building’s measurements and worked out that the office floor was 100 feet high, meaning the WindWings would be 24 feet higher.  I looked up, trying to imagine a sail rising to that height.
When Schofield first took on the task of making a sail fit for cargo vessels, he thought it would be easy: sort of like a yacht sail, but bigger.  But sails for a cargo ship need to be optimized for factors beyond just speed.  There were ports to consider, seafarers, shipowners, manufacturers, regulations, the placement of hatches, bird collisions, the not-uncommon prospect of a 36-foot wave breaking across the deck in the middle of a storm.
The design they ended up with, the WindWing, can be installed as a retrofit on existing cargo vessels or fitted onto newly built ships.  The sail is designed to pivot automatically, using sensors to gauge the speed and direction of the wind, to catch it and to make sure the ship keeps moving forward.  During a storm, or when the wind is blowing too strongly, the sails would automatically turn off, whipping in the wind without harnessing it.  To allow the ship to go under a bridge, or while it is at port, the wings would fold into themselves, then lower, flat, onto the surface of the deck — a 15-minute process — so they would be clear of the cargo hatches, cranes and railings of the ship.
While few ultra-modern wind ships exist yet in physical form, eye-catching renderings are legion, depicting futuristic hulls that could never fit into any existing port, or spindly sails mounted onto the top of a cruise ship that look more like antennae than something that can propel a vessel.  Schofield resisted the temptation to put out a rendering of the WindWing before completing the mathematical models needed to back up the sail’s performance.  He says many cargo-sail renderings risk not being able to stand up to technical scrutiny....
Schofield’s hope is to over-deliver later — thus maintaining the credibility of the design, the company and the whole idea of wind propulsion.  “The shipping industry is conservative,” he said.  “Lose their trust, and it will be harder to convince them the next time.”  By the time the company’s designs hit the water, Schofield’s engineers expect average fuel savings of 30%.
Cargill and the E.U. will fund the 1st WindWings system to be retrofitted onto an enormous 750-foot dry-bulk carrier currently traveling the world.  The sails will be assembled at a shipyard in China and mounted onto the ship by the summer of 2022.
The price for the 1st prototype set is more expensive than John Cooper, BAR Technologies’ chief executive, would like.  He wouldn’t disclose the price, saying only that he believes the cost will fall by the time the sails are in mass production and that shipowners will see a full return on investment in just over 5 years.  (By the company’s calculations, a 210-deadweight-ton dry-bulk vessel retrofitted with three 164-foot sails could save around $1.5 million in fuel costs a year.  A larger ore carrier, with 5 sails, could save about $2.5 million.) Cooper’s ability to pull this off could determine whether BAR Technologies will, in coming years, be making just a handful of sails or 1,000s.
There’s a version of the future in which wind propulsion never takes off.  The shipping industry is fragmented and vast.  Even Cargill charters less than 2% of the more than 50,000 cargo vessels on the water.  Most companies are small and medium-size enterprises — run by shipping owners whose fleets number in the single or double digits, not the 100s or 1,000s.  They are less willing to invest in expensive new technologies.
...
The International Maritime Organization, the United Nations body tasked with regulating international shipping, has also moved slowly when it comes to decarbonization.  According to a New York Times investigation published in June, shipping-industry representatives have wielded undue power at the I.M.O. to advance interests counter to the organization’s stated goal to cut emissions.  Influential countries, including China, Brazil, Japan and India, force watered-down regulations that would do little to reduce emissions.  3 years ago, under pressure from the European Union, as well as environmental advocacy groups and tiny Pacific Island nations vulnerable to climate change, the I.M.O. announced numerical targets to cut shipping’s emissions, but they were widely criticized as cosmetic.
One target, for example, is to cut greenhouse-gas emissions so that by 2050, all ships worldwide cumulatively produce half the amount they did in 2008.  But this target is not linked to regulations or enforcement mechanisms and doesn’t align with the global Paris Agreement to achieve carbon neutrality and keep the warming of the planet under 2° by 2050.  Faïg Abbasov, a director at the Brussels-based environmental advocacy organization Transport and Environment, said that the shipping industry would need to fully decarbonize by 2050 for the atmosphere to stay below 2° of warming.  But the I.M.O. itself projects that, despite the target of halving emissions by 2050, shipping emissions will, at best, fall 10% from the 2008 level at that point, or even increase by as much as 30%.
Natasha Brown, a spokeswoman for the I.M.O., said the organization acknowledges that more measures are needed and might consider additional ones between 2023 and 2030.  It is not clear whether any new regulations will be stringent enough to require shipowners to produce significantly less carbon, thus forcing them to invest in fuel-saving technology like sails.
Higher fuel prices would encourage the use of technologies like wind propulsion, as companies look for ways to save on fuel.  One way to raise fuel prices would be with a carbon tax.  The Marshall Islands has proposed a tax of $100 per ton of CO2 emitted, and Maersk, the shipping company, has called for an even higher tax, at $150 per ton.  These suggest the momentum for a carbon tax is growing.  What’s not certain is whether any eventual tax will be big enough to change the way shipping operates; a counterproposal supported by the International Chamber of Shipping, an industry trade group, along with other countries, suggests a levy equivalent to just 67¢ per ton of carbon.  And if fuel costs don’t rise significantly, companies may not see a compelling reason to spend on wind propulsion.
But already, influential governments are working outside the I.M.O. to encourage change.  The European Union is planning to include shipping in a continental emissions-trading system, which would affect 1,000s of ships that sail into European ports.  In April, John Kerry, the Presidential climate envoy for the United States, said the federal government plans to push the I.M.O. beyond its current decarbonization targets.
If, in this context, inventors can build a successful economic case for wind propulsion — a scenario that depends on a lot going right for them — more companies could soon place orders.  According to a 2016 study for the European Commission that analyzed cargo vessels’ routes, the savings from wind propulsion could, by 2030, make it economically viable for 3,700 to 10,700 existing ships.  As older vessels are scrapped, new ships optimized to make the most of wind — with even better returns — would be rolling off shipbuilding yards.
Around that time, according to the Maersk Mc-Kinney Moeller Center for Zero Carbon Shipping, ships running on zero-carbon fuels should be hitting the market in significant numbers.  The price of some of these fuels is expected to be 3 to 5 times as expensive as the bunker fuel that ships usually use, which would make wind propulsion — which by then may save an average of 50% or more on fuel costs — even more attractive.  In 30 years, the shipping industry, with a complex energy mix including wind propulsion, would be positioned to fully decarbonize, as the last of the conventional combustion-engine ships reach the end of their lifetimes and are put to scrap.  
...
www.nytimes.com/2021/06/24/magazine/cargo-ships-emissions.html
