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FUEL CELL VEHICLES 
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BussesTrucksCarsBicyclesLawn mowersFork lifts



FUEL CELL DEVELOPMENT FOR VEHICLES 
 
 Weight 

 Energy density 

 Cost  
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2005 vs 2011135 – 40 kg1 – 2,5 kW/l83% reduced cost



AUXILIARY POWER UNITS 
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Auxiliary Power Units are used to provide power needed in addition to propulsion when the engine is shut off. To power lights, AC etc. Fuel cell is one option that is being demonstrated. It uses the diesel as fuel and eliminates nearly all emissions. 



FORKLIFTS 
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Fuel cell-powered forklifts have been deployed across the USA, including companies such as Walmart, Sysco, Wegmans, Coca-Cola, Whole Foods, Central Grocers, United Grocers, Nissan and BMW. Europe is behind but have started some projects (ex HyLIFT) to introduce the forklifts. A forklift can run for about 18 hours between fill-ups. Since they have no harmful exhaust it is no problem to run these forklifts indoors. It has been shown that fuel cell forklifts do not degrade in power during operation, something that was seen for battery driven forklifts as they lost speed after half-time. It is easier and faster to fill up hydrogen than to swap out the batteries which needs an extra technician to handle and charge the batteries plus storage space for batteries. www.hylift-demo.euhttp://www.fchea.org/transportation



BUSSES 
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Daimler Chrysler, Mercedes-Benz and Van Hool are examples of fuel cell bus manufacturers which have been demonstrated in several European cities, as well as in Iceland, Austrailia, China and USA. (e.g. HyFLEET:CUTE project)The High V.LO-City Centres of Excellence are intended to be a point of reference on the deployment and operation of fuel cell buses in public transport and to reach out to public transport authorities, bus operators, and passengers’ organisations, as well as to the general public. The Centres of Excellence will be key in linking potential fuel cell bus sites to existing ones that are already operating fuel cell bus projects.



SYNERGIES AMONG ENERGY SOURCES 
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It is foreseen that the future holds several power sources for vehicles and not only oil-based ones. Depending on the duty cycle and the driving range needed each technique will have its advantages. Electric cars are useful for small vehicles that do not need long range (city traffic)Hydrogen will offer longer range and larger cars than electric vehicles. Both electrical and hydrogen buses are right now demonstrated. Maybe the choice in the future will depend on the infrastructure?Trucks will most likely run on diesel for a longer while. On the other hand there is APU systems based on fuel cells for power supply when the trucks are parked and engine shut off. 



COMPARISON BETWEEN HYDROGEN,  
ELECTRIC AND GASOLIN 

HYDROGEN ELECTRIC GASOLIN 

Mass energy (1kg) 100 km 1 km 30 km 

Refueling time minutes hours minutes 

Driving range 500 km 100 km 600 km 

Infrastructure Demo-stage Charge at home Well established 

Exhaust H2O Nothing CO2 and more 
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Comparison of vehicles using three different power sources.The amount of energy related to mass is important from many perspectives. One main goal is to keep a low total weight for the car so that it consumes less energy during driving. One kilogram of battery, pure hydrogen or gasoline offers various amount of energy. The battery can only offer 1 km driving while the hydrogen offers 100 times more. Gasolin …Refueling time is important for the consumer. The Battery driven car needs hours to go from empty to full charge. There are ways of fast charging but so far there is no technique that can consider normal charging less than hours. Fast charging is demanding on the battery life and should be used in caution. Hydrogen cars are fuelled in the exact same way as a gasoline car even though you fill up the tank with pressurized gas instead of a liquid and it takes about the same amount of time. No adjustment needed for the end user.On a full tank a gasoline car and a hydrogen car can reach several hundreds of km’s. That is not the case yet for a car with a fully charged battery where you can go just above 100 km but development is going on. The main reasons for the development of electric and hydrogen cars are however that they are environmentally friendly. Looking at the cars as a isolated system they do not let out any harmful exhaust at all. However one should be aware that the electricity you charge the car with or the hydrogen you fill up the fuel cell car with could come from a process that has had an impact on the environment but it does not have to be so. Exampels Coal, petrolium … etc.It should also be noted that FC and Batteries are good complements to each other and that in a FC-car there will always be a small battery. 



RUNS BELOW FREEZING? 
 
  

 
 

“One report witnessed a car 
starting as normal at -27 C” 
Source: EU-project “H2Moves Scandinavia” 
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The project H2Moves Scandinavia had three different fuel cell vehicles running for 5,5 months. 19 FCEVs were positioned in Oslo, Norway and Denmark. No problems were reported during the winter. One report witnessed a car starting as normal at -27°C!



POWER MANAGEMENT 
 
Fuel cells and batteries complement each other 
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When the vehicle is decelerating and braking, regenerative energy is recovered and stored.During the period of high power, the Li-ion battery replenished the current supplied by the fuel cell; while in the periods of low power or slowdown, the Li-ion stored the extra power provided by the fuel cell. Because the power output from the fuel cell could not be changed rapidly in a steady fashion, the current varies with the error during operations.Notice that the fuel cell supplies the power with a time delay of 4 s in the meantime the battery supplies the requested power demand. Once the fuel cell is able to meet the power demand the battery is turned off until 15 s at which time the battery again is used to supply the necessary power demand. At 30 s when there is a decrease in power demand the deficit power is sent to the battery to charge it until the fuel cell reaches the level of the new power demand.The figure is made up just to illustrate how the fuel cell and battery work together in a fuel cell car.References:Fuel economy and life-cycle cost analysis of a fuel cell hybrid vehicleKwi Seong Jeong, , Byeong Soo OhVolume 105, Issue 1, 5 March 2002, Pages 58–65Journal of Power SourcesInternational Journal of Hydrogen EnergyVolume 37, Issue 5, March 2012, Pages 4476–4489The study on the power management system in a fuel cell hybrid vehicleJenn-Jiang Hwang, Yu-Jie Chen, Jenn-Kun KuoAnalysis of battery backup and switching controller for a fuel-cell powered automobilePanini Kolavennua, John C. Telottea, Srinivas PalankiVolume 34, Issue 1, January 2009, Pages 380–387International journal of hydrogen energy



CAR MANUFACTURES DEVELOPING  
FUEL CELL CARS 
 
* Honda 

* Hyundai 

* Toyota + BMW 

Ford + Daimler + Nissan 

Audi 

Chrysler 

Fiat 

  

 
 

 
 
 

General Motors 

Kia 

Mazda 

Mitsubishi 

Peugeot 

Renault 

Volkswagen 
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Car manufactures who are developing fuel cell cars, leading manufactures marked *. Honda: New Car release, USA and Europe 2015.Hyundai: Series production started 2013, 1000 cars to 2015Toyota: 2015, Starting in Japan ,Toyota’s fuel cell powered sedan will be released in Germany, the United Kingdom and Denmark by next April.Note absence of Volvo if you are in Sweden. Volvo is a small fabricant and they need to focus on the electric powerdrive at first hand, but they could be upcoming soon.Cooperation leads to faster cost reductionWe see that the car manufactures now start to cooperate and going into joint forces to speed up the mass production and lower the pricesToyota + BMW series production 2020Ford + Daimler + Nissan series production 2017 



FUEL CELL POWER TRAIN 
 
 
 

Toyota FCV Mirai 
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TOYOTA MIRAIFour door mid-size fuel cell sedanLaunched in Japan and California USA (fall 2015).Re-fuels in 3-5 minutesRange 300 miles (482 km) on a full tank0-60mph (0-100) in 9 secondsFuel cell maximum output of 114 kW (153 hp)3,1 kW/LAir coming in through the front grillHydrogen and oxygen to fuel cell to create electricity for the engine when stepping on the peddalWater comes out from the tailpipe.Boost Converter to boost power generated in the Toyota FC to 650 Volts. Therefore possible to reduce size of motor and FC. Fuel tanks for 70 Mpa (700bar). Tank built with three layers: Inner Plastic liner to prevent hydrogen leakage, middle carbon fiber reinforced plastic for structure and an outer fiber glass reinforced plastic to protect from abrasion. Total hydrogen storage mass is about 5 kg and 120 liters.Electric traction motor delivers 113 kW (152 hp) and 335 Nm of tourque. Battery of NiMH.According to Green Car Congress:$57 500 excluding federal incentives or $499 per month for 36 months leasewww.toyota.comhttp://www.greencarcongress.com/2014/11/20141118-mirai.html



EU DIRECTIVE 
 
The clean power for transport package. 

 

 Goal for year 2020 

 Cover H2, biogas and electricity 

 Gas station within 300 km 

 14 countries  

 
 

 

 

 
EUROPEAN 
COMMISSION 

 

Brussels, XXX  
COM(2013) 18 /2 

  

Proposal for a 

DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL 

on the deployment of alternative fuels infrastructure 

(Text with EEA relevance) 

{SWD(2013) 5} 
{SWD(2013) 6} 
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The European Commission has released a Directive into the future of clean power for transport. They have set tough goals for year 2020 where for instance every country shall provide one gas-station with hydrogen, electricity and biogas every 300 km. 



INFRASTRUCTURE IN EUROPE 

 75 fueling stations in Europe 

 10 fueling stations in Scandinavia 
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Here you see a map of hydrogen infrastructure in Europe. The blue dots show the hydrogen refueling stations that are operational and the orange ones is planned.You can here see that most countries in Europe are buidling an infrastructure. The countries that are leading the race and have best existing infrastructure are Japan, Korea, California and Germany and these countries are going to be prioritized by the car manufactures as they decide where they are going to sell their cars.In 2013 a fuel cell car traveled from Oslo to Monaco on existing infrastructure, but that was because the project Next Move had placed a station in Gothenburg. Today it is hard to travel in Sweden.In Malmö we now have our own blue dot since April 2014. In Sandviken there is a temporarily HRS with some cars and lifts. It is the company Sanvik who are running their own demo. Sandvik is today one of the leading producers for steel components to fuel cells. (check with Anna Alexandersson if the station is there!)Also Copenhagen has a blue dot.This map relies on each responsible partner who owns a HRS to update it, so it is not perfect, but it is the best you can find today. If you want to look at infrastructure in the US or in Asia, go to H2Stations.orgIt you are interested in the HRS in Scandinavia visit www.scandinavianhydrogen.org



FUELING STATIONS 
 
 International standard 

 Safety comparable with 
biogas stations 
 

 3 min fueling time for cars 

 Fueling busses at 35 Mpa 
(350 bar) and cars at 70 
Mpa (700 bar) 
 

 Possibility to produce 
hydrogen on site – No fuel 
transportation needed 
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Using a fuel cell car is just as easy as using a gasoline/diesel car.The driving range is about 600 km on one full tank of hydrogen and filling the car does not take longer than filling a gasoline car. 



GROWING INFRASTRUCTURE  
 
 Germany, USA, Japan and South Korea has a national 

plan 

 Scandinavian Hydrogen Highway Partnership 
Cooperation in the Nordic European countries 

 

 

 
 

JUSTERA 



ESTIMATED COSTS 2015 
 
Cars 

 € 50-60 000/year 

 

Fueling stations 

 20 kg/day 20 MSEK (2 M€) 

 1000 kg/day 80 MSEK (8 M€) 

 

Hydrogen 

 Today 10 €/kg –> 0.1 €/km 

 Future cost for end user comparable with other fuels? 
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The price for a car today is about 60 000 euro. Huinday produces about 10000 cars. With higher production volymes the price will decreaseThe cost for future fueling stations is estimated as the fueling stations today are at demo stage. A hydrogen tank in a car can fill about 5 kg hydrogen. A 20 kg/day station would cover the demand for 4 cars a day and would be a small portable station for temporary use. 1000 kg/day would cover the demand of 200 cars. The cost for future hydrogen is hard to estimate since it depends on many factors that in its turn is hard to estimate. These factors are from which commodity material it is extracted from, the production method, the demand, taxes, etc. However, since there are many ways of producing hydrogen, most countries can find the most suitable way for production and thereby reach a reasonable price. Each government have the power to decide about taxes and help making the price attractive for end users and increase the demand.
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