The Great Power Train Race
April 20, 2013 – Two words have proved deadly for the mass-market electric car: “range anxiety”.  Petrol or diesel cars can go for up to 1,000 km on one tank but most battery-powered ones need recharging after 150-200 km—unless you have $72,400 to spare for the extended-range version of Tesla’s Model S, a high-performance electric sports car that can do about 420 km on one charge.  Even for cheaper, shorter-range models the batteries can add perhaps $15,000 to the cost of the car.  Running it will be delightfully cheap, almost in the category of small change, but at current prices the extra cost of the batteries far outweighs these savings.  Moreover, the batteries’ range degrades over time.  Recharging points are few and far between, and topping up batteries is slow.  Tesla’s fast-charging stations still take half an hour to give the car another 150 miles (240 km) of range.
Political leaders such as Germany’s Angela Merkel who unwisely set grand targets for getting electric cars on their roads (she proposed 1 million by 2020) are now regretting it.  Carmakers too: last year Nissan’s Leaf electric car got less than halfway to its modest sales target of 20,000 in America.  Its factory in Tennessee can turn out 150,000 a year.
In any case, all-electric cars are green only if the electricity to recharge them is generated in low-carbon ways.  Bernstein reckons that in nuclear-powered France the electricity to drive a battery car one kilometer causes CO2 emissions of just 8 g.  Yet in China and India, which generate much of their electricity from coal, those emissions are over 120 g, so it would be greener to drive a new petrol-engine car instead.
All sorts of industries are pumping money into making batteries more efficient and cheaper, but there are no breakthroughs round the corner.  Larry Nitz, a senior engineer at GM, says the best use for a battery car may be as a household’s second vehicle, for short and predictable commutes or school runs.  Light delivery vans are another potentially strong market.
Given that carmakers are facing much tighter constraints on emissions, they have to hedge their bets on a variety of propulsion systems (“power trains”, in the jargon) in the hope that some combination of these will get them to the regulators’ targets.  For the moment, none looks like an outright winner.  Their favorites are still the good old petrol and diesel engines, which remain capable of further improvement.  Next on the list are various types of hybrids—cars with an internal-combustion engine that also run on batteries at least some of the time.  The fuel cell, which turns hydrogen gas into electricity and water (and thus has no nasty emissions), has recently made a comeback, having previously been shelved as too costly.  Tthe discovery of huge new gas reserves in America and elsewhere has boosted interest in fairly clean vehicles that run on compressed or liquefied natural gas (CNG or LNG).
Horses for Courses
So the motor industry is revisiting its earliest days, when pioneers were trying out a variety of power trains, including the steam engine, various liquid fuels and indeed battery power: among the exhibits at the Henry Ford Museum near Detroit is a 1934 map of Manhattan showing 38 recharging stations for the electric cars of those days.
Henry Ford himself backed the right horse for his horseless carriages: the internal-combustion engine, burning petrol or diesel, which eventually all but wiped out its rivals.  Conventionally fueled cars have been getting more efficient for decades: a study by Michael Sivak of the University of Michigan found that between 1970 and 2010 the average fuel economy of America’s car fleet improved by 66%.  Now money is being poured into making it even better.  A recent survey by KPMG found that in big emerging markets especially, the motor industry was switching its research funds back to the internal-combustion engine.
Car engines are continuing to shrink, but are now being fitted with things like turbochargers and fuel-injection systems that used to be available only on more expensive models.  This means they cost more to make but achieve better mileage without loss of performance.  Other fuel-saving gadgets include “start-stop”, in which the engine cuts out during idling, and various means of storing the energy released by braking.
Hybrid cars, like pure battery ones, have been slow to catch on, though Toyota, the pioneer in mass-market hybrids with its Prius model, last year sold 1.2 million such cars worldwide.  Sales of GM’s Volt hybrid have so far been disappointing but the carmaker is sticking with it, hoping that consumers will get used to the technology.  A study by GM of Volt users’ driving patterns found that the average driver uses battery power 82% of the time, with a single overnight recharge, even though the battery’s range is only about 38 miles.  So GM will probably keep the Volt’s range about the same as batteries become more efficient, says Mr Nitz, but will reduce the size of the battery pack to bring the sale price of the Volt closer to that of a petrol-only car.  So it will remain a hybrid, not evolve into an all-battery car.
Such improvements will get carmakers most, but not all, the way to meeting the tough emissions standards likely to be in place in the mid-2020s, so some are taking a fresh look at fuel-cell technology.  Many have produced low-volume demonstration models, but Toyota plans to bring a mass-produced fuel-cell car to market in 2015.  Didier Leroy, the carmaker’s European boss, explains that what should make fuel-cell cars attractive to motorists is that they can be topped up as quickly as a petrol car, and travel almost as far between refills.
Their main drawbacks include cost (even higher than for battery-powered cars) and the need to set up a network of hydrogen filling stations.  In some countries, including Japan, China, South Korea and Germany, governments are pushing for such infrastructure to be built, so the take-up of fuel-cell cars may vary greatly between countries.
In places with lots of windmills or hydroelectric dams, hydrogen could be produced by electrolyzing water when demand for electricity is low, so fuel-cell cars could form part of a broader renewable-energy strategy.  An alternative (which VW’s Audi division is about to try) is to use hydrogen made by wind turbines to soak up some of the CO2 spewed out by industry or coal-fired power stations.  The two gases are combined to make methane, chemically the same as natural gas extracted from the ground, so Audi’s “bio-methane” can simply be pumped into the regular gas supply.  When run on bio-methane, the company’s new CNG cars will have effective CO2 emissions of just 30g per km, less than a third of the EU’s target for 2020.
More immediately, the abundant new supplies of cheap natural gas coming onto the market in many countries, mostly thanks to shale-bed “fracking”, have prompted much interest in running cars on CNG and heavier vehicles on LNG.  Fiat-Chrysler is especially keen: all its Fiat-branded cars now have a dual-fuel option, with engines capable of being switched between CNG and petrol.  Daniele Chiari, a senior manager at the company, says that in Italy such cars can run for 700 km on €22-worth ($29) of gas, when fuel for a petrol-only car would cost perhaps €65.  But since there are still few places to fill up with gas, the cars’ small petrol tank is a useful back-up.
CNG cars cost about the same to make as diesel cars, which means a bit more than petrol ones.  They look set for rapid growth in America too: GE and Honeywell, two industrial giants, are working on cheap home-recharging kits so CNG-car owners can top up from their domestic gas supply.  Melissa Stark, an energy expert at Accenture, a consultancy, says that the LNG refilling facilities now being set up along America’s main roads to supply lorry fleets could also, with a bit of extra equipment, supply CNG for cars.  Since both CNG and LNG vehicles use adapted petrol and diesel engines, all the efficiency improvements now being made to those engines will also benefit gas-powered vehicles, Ms Stark notes.
In the same way as renewable bio-methane could increasingly take the place of fossil-fuel gas, the various liquid biofuels now being worked on could one day replace petrol and diesel.  Since the making of such biofuels involves sucking CO2 out of the air, their net emissions will be low.  Alcohol made from sugar cane has long helped power Brazil’s cars, but such fuel crops reduce the land available for growing food, so hopes are resting on biofuels produced from algae, yeast or bacteria that do not take up land.  However, says Ms Stark, it will be at least a decade before such fuels can be produced economically and in quantity.
Some think that the pure electric car will win out in the end, despite getting off to a poor start.  Tesla’s Mr Musk argues that even if the perfect biofuel were invented, the most efficient way to use it would be to make electricity in power stations and use that to recharge battery cars.  Renault-Nissan’s Mr Ghosn thinks that the sheer simplicity of battery-powered cars will ensure their eventual success once batteries become smaller, cheaper and more powerful.
But none of this is going to happen quickly, so by 2050 the world’s car fleet is likely to be propelled by a broad mix of power trains.  Countries with lots of natural gas may have more CNG cars; others may have built enough hydrogen refilling stations to give fuel-cell cars critical mass; and so on.  Jim Buczkowski, a senior engineer at Ford, sees this as an advantage: motorists will be able to select the “power train of choice” that best matches their needs.
Many of the most sophisticated parts needed for different kinds of advanced power trains are not made by carmakers but by a select band of high-tech suppliers, including Bosch and Continental of Germany and Denso and Panasonic of Japan.  Such suppliers will enjoy growing pricing power, says Philip Watkins of Citigroup, even as suppliers of low-tech parts will continue to be squeezed by the carmakers.  In China, foreign parts-makers do not have to share their profits with their local joint-venture partners in the way foreign carmakers do, and Chinese parts-makers do not yet seem capable of matching the best Western and Japanese technology, so high-tech suppliers appear to have a bright future.
Another way of making cars cleaner and more fuel-efficient is to make them lighter.  When JLR launched a new version of its Range Rover last year, it replaced most of its steel bodywork and frame with an aluminum shell, or monocoque, cutting the vehicle’s weight by 40%.  Studies suggest that lighter materials combined with better aerodynamics could potentially double cars’ fuel efficiency—and make them more enjoyable to drive.
Again, different manufacturers are pursuing different ways of reducing their cars’ weight.  JLR is backing aluminum, BMW is keener on carbon-fibre composites and Hyundai is working on replacing ordinary steel with smaller quantities of advanced high-strength steel.  According to AlixPartners, the proportion of conventional steel in a typical car will fall from 2/3 today to about 1/5 in the future.  The rest will be replaced by new materials, which are costly, so they are appearing first on premium-priced models.  Carbon-fibre parts have the most potential to cut weight, but they are harder to recycle than steel and more time-consuming to make.  McKinsey reckons that the material, although touted for decades, will be ready for the mass market only when the time taken to “bake” parts comes down from 10-12 minutes now to 1-2 minutes.
The winners in this race for better power trains and lighter materials will be innovators, and indeed a study by Thomson Reuters, an information provider, has noted a surge in car-related patents being filed.  Patents related to alternative-powered vehicles (hybrids, fuel cells and the like) almost trebled between 2006 and 2011.  Toyota was the most active patent-filer in this area.  The top ten also included Honda, GM, Daimler, Hyundai, Nissan, three Japanese parts-makers (Denso, Panasonic and Sanyo) and one German one (Bosch).
A Patent Underperformance
Perhaps oddly, the Chinese do not seem to be investing heavily to catch up.  The Bernstein study found that even the biggest local firms were skimping on research and development.  The world’s three biggest makers—Toyota, GM and VW—each have R&D budgets of $8-10 billion a year, whereas the big Chinese firms Bernstein studied are at best spending a few hundred million dollars each.
Since both China and India are churning out vast quantities of engineering graduates, the world’s largest carmakers had been expected to shift much of their R&D there.  But this has not happened, says Mr Mosquet of BCG: the most innovative carmakers seem to be those that keep most fundamental research at home, as Toyota, VW and Hyundai are doing, farming out only fairly peripheral work to labs in emerging markets.  Bernstein’s study notes that, despite all those home-grown engineers, the Chinese carmakers are spending small fortunes hiring European ones.  The domestic sort, says the study, mostly seem unable to do the kind of reverse engineering that allowed Japanese and Korean carmakers to catch up with the West.  The best ones are snapped up by the foreign carmakers in China, which can offer much higher pay.
So all this new technology is giving the strongest of the rich world’s carmakers a breathing space from new competition.  But it will not come cheap, and they will need to pass the expense on to their customers.  Hans-Werner Kaas of McKinsey says the average cost of making a car in America looks likely to rise by about $2,500 by 2020, which will be only partly offset by standardization of platforms and parts.  A study by Cambridge Econometrics and Ricardo-AEA suggested that the cost of different power trains will converge somewhat, but even in 2030 fuel-cell, all-electric and plug-in hybrid cars will be a lot more expensive to make than those with improved internal-combustion engines.  However, allowing for lower fuel bills, by 2020 the total cost of ownership for petrol, diesel, hybrid and battery cars (although not for fuel-cell ones) will be lower than the total cost for petrol cars now.  Meanwhile the reduction in fuel costs, and the motor industry’s investment in the technology to achieve it, will create more than 350,000 new jobs in the EU by 2030, the study suggested.
American consumers have got used to car prices remaining flat in real terms over the past decade, and in Europe price wars are actually bringing prices down.  In the words of Fiat-Chrysler’s Mr Marchionne, that means “the ability to pass the technology costs on to the consumer is incredibly limited.” That is why even the most profitable and fast-growing carmakers are quietly telling analysts not to be too bullish.
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