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Dear, Kurt Blumenroder

I am writing to propose a viable solution to the upcoming challenges faced by VW group in securing its future in an ever-changing market place where traditional fossil fuelled vehicles are threatened on several fronts. On one hand where regulations on emissions are becoming ever more stringent with the implementation of the WLTP, due to be enforced September 2018. The mapping strategies used in the pass the NEDC will no longer be effective with a much more dynamic testing procedure enforced by the RDE test. (WLTP Facts, no date) Furthermore, to meet global emission targets of CO2 reduction to keep global warming within 2°C, or as new evidence suggests, the safety threshold of 1.5° (C.-F. Schleussner, 2016), the net global transportation GHG emissions will eventually need to be zero. 
The second factor is the image of fossil fuels cars as a mode of transportation, not excluding sports and luxury models but focusing more on the standard light transportation vehicle. The public consensus among developed nations is swaying more towards a green approach from companies, a 2012 study of 180 US-based companies over an 18-year period show that the high sustainability companies outperform the low sustainability ones by 4.8% in both stock market and accounting measures. (Robert Eccles, 2012) 
Moving forward to a 2025 target of what vehicles would be prominent, I would suggest pursuing a hydrogen fuel cell powertrain for light vehicles produced by Volkswagen. 
The obvious benefits of FCEV’s using hydrogen are:
· Zero emissions, 
· Hydrogen can be produced on site at a refuelling station, 
· Hydrogen is readily available from water electrolysis or recovery from ammonia, natural gas, petroleum or biomass. (George Thomas, 2006) 
· No reliance on countries possessing natural mineral or oil deposits,
· Quick refuelling times compared to current battery technology, 3-5 minutes (UK H2 Mobility, 2018)
· Competitive range compared to lithium ion powered cars, with Hyundai releasing a vehicle with a quoted 800km range in 2018. (Auto Express, 2018) and planning for further vehicles released by 2025. (Markovich, 2018) The Tesla Model S has a claimed record range of 670 miles (Gilboy, 2017)
· Hydrogen is already produced and stored for many industrial uses around the globe,
· High energy density of 120 MJ/kg.
This option however does not come without drawbacks, mainly within storage methods, made even more difficult within the space constraints of a passenger car. To effectively store hydrogen, tanks built to service pressures between 300 - 700 bar are needed, requiring heavy tanks offsetting some of the benefits over lithium-ion battery driven vehicles. This is being overcome by the development of fibre reinforced composites to allow safe storage at these pressures. (Office of Energy Efficiency and Renewable Energy, no date ) BMW have been working with Lawrence Livermore National Laboratory to develop cold/cryo compressed storage and material-based solutions that involve imbedding hydrogen atoms within a Nano tube type structure, within a metal hydride matrix. This dramatically improves the thermodynamic requirement to charge the metal hydride over conventional methods. There is also a direct analogy between hydrogen storage and solid-state reactions in batteries, suggesting that the development of new battery technology for the automotive market can be applied to hydrogen storage. (The Engineer, 2017) (Nature Communications, 2017) Metal hydride still has a weight penalty over compressed hydrogen, where for example a 100-litre tank of titanium-iron hydride carries 1.2 to 1.5 times as much energy as a 100-litre tank of liquid hydrogen but weighs up to 25 times as much. (Hoffmann, 2012) Development in hydrogen storage requires further development but is being perused by many automotive companies including BMW and Toyota who have are focused on cold cryo storage and agreed to share their hydrogen fuel cell technology, in a partnership made in 2013 (Boeriu, 2013)   
The strongest argument against, and still to this day the main inhibitor of public adoption of FCEV is the lack of infrastructure. Against plug-in hybrid and pure electric that can use the current power grid to recharge cars at a designated charging station or at home, it seems the hydrogen option is far behind. Germany and Japan are making the most meaningful advancements in infrastructure with the H2 initiative in Europe with 60 fuel stations currently active in Europe, 38 of which in Germany, with a further 35 in construction across the continent. (H2 Mobility , 2018) Japan have aimed to have 200,000 FCEV’s, and 320 refuelling stations by 2025. (Ministry of Economy, Trade and Industry, 2016) H2 refuelling stations can either be restocked from hydrogen produced elsewhere or produce hydrogen on site using a reformer. Prototypes of onboard reformers have been produced but considered as far too complex for production. The consensus amongst the automotive sector is that if a serious approach is taken by industry and governments, the products open to the public will follow, with the former vice president of R&D from GM making a statement at the National Hydrogen Association conference saying, “GM remains committed to continuing this journey as long as we see clear evidence that the energy industry and governments are committed to developing a hydrogen infrastructure.” (Hoffmann, 2012)
From an engineering perspective FCEV vehicle are more complex and expensive over alternatives of a hybrid, a plug-in hybrid, or a pure-electric. But as the adoption of the FCEV technology becomes mainstream this off set will be reduced. Ultimately it is beginning to look likely that hydrogen powered vehicles will become dominant in the near future. It being a critical aspect of transportation technology adaptation, to adhere to CO2 reduction goals. Taking a serious stance early in the development stage may give any company an advantage in the developed world where hydrogen adoption will become mainstream within the next decade. Given Volkswagens geographical location within possibly the best prepared country to deploy FCEV, it would serve well to explore this option. 
Yours sincerely 
Christopher Hine
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Appendices 
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Figure 1 Example of hydrogen refuelling station used in Chicago for a local bus transportation service, refuelling 3 buses, using around 400-525 Nm3 per bus per day. (248 bar vehicle storage pressure) (Raman, 1999)
[image: Image result for hydrogen specific energy comparison]
Figure 2 Comparisons of useful specific energy. (Thomas, 2009)
H2 Mobility Europe, refuelling station plan.
	Country/Area
	Number of Stations (2015)
	No. of Stations Planned

	Germany 
	18
	400 (2023)

	Scandinavia 
	12
	150 (2020)

	France
	8
	15-20 (2020)

	UK
	6
	1,150 (2030)

	Netherlands
	5
	50 (2020)


Table 1 H2 Mobility Europe, fuel station initiative comparison by country. (Hydrogen Mobility Europe , 2015)
Running cost example for a Toyota Mirai FCEV (UK):
Tank capacity = 4.7kg 
Range = 270 miles
Cost of hydrogen per kg = £9.99
Cost to fill tank = £46.95
Cost per mile = 17.4p 
Cost of petrol saloon car at 40mpg example:
Fuel usage over 270-mile range = 30.71 litres
At £1.20/litre = £36.85 
Cost per mile = 13.6p 
FCEV = 3.8p extra per mile over established fuelling method. 

Table 2 Comparison of lithium reserves by country. (Statista , 2017)
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