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Executive Summary 
 

The availability of wind energy will always vary due to the unpredictable nature of 

wind. At wind farms, this results in overproduction and underproduction of the desired 

output. Since California is aiming to become 100 percent renewable by 2045, the role of 

wind energy will dramatically increase. Unless we find a solution, we will be having 

blackouts during underproduction periods, and wasting energy during overproduction 

periods. This issue will be properly addressed with our development of an auxiliary 

support system for wind farms. By generating, storing, and utilizing hydrogen during 

overproduction periods, our design will counteract fluctuations and give us control over 

the total output from wind and other renewable sources. 

 

Our system is to be located at San Gorgonio Pass Wind Farm, one of the largest 

wind farms in California. “Within California, curtailment is already occurring for wind 

generation” (Eichman, Mueller, Tarroja, Schell, & Samuelsen, 2012). This system will 

effectively utilize excess energy and minimize effects of curtailment. Curtailment is one 

of the biggest enemies of renewable energy development. “As curtailment increases 

beyond a certain threshold… owners of renewable projects face a significant risk of not 

being able to pay off loans for existing projects or secure financing for new projects” 

(Golden, & Paulos, 2015). A 2 MW electrolyzer from Proton OnSite will be utilized to 

generate pure hydrogen for a variety of applications including power-to-gas-to power 

(P2P) and power-to-gas-to mobility (P2M). During peak wind production hours, the 2 

MW electrolyzer will be producing around 300 KG of hydrogen daily. Hydrogen will be 

stored in 15 20KG gaseous storage cans at 350 bar pressures. A smaller electrolyzer 

(less than 1 MW) will be used to convert a portion of this stored hydrogen into electricity 

and supply power back to the grid during high demand periods.  
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The hydrogen infrastructure is not at a point where we would need to deploy very 

large scale systems to produce huge amounts of hydrogen. Instead, this system is to 

showcase the practicality of hydrogen through various examples, rather than being able 

to supply large amounts of hydrogen. A wide range of mobility applications are selected 

and discussed that are part of the goods movement infrastructure in the Los Angeles. 

Hydrogen powered alternatives of tug boats, switching trains, forklifts, delivery trucks, 

and airport equipment are presented and discussed in an effort to reduce pollution in 

Los Angeles and promote clean technologies.  
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1 Design Data 
Here, system components, size, and applications are identified for our Power to 

Gas system. Our proposed system is intended to demonstrate the effectiveness of 

hydrogen as an energy storage, and establish its practicality by fueling and promoting a 

variety of hydrogen powered applications. Figure 1.  

 

Figure 1. Project Outline 
 

This system is not intended to produce and provide very large amounts of 

hydrogen to the Los Angeles area. Instead, we aim to penetrate the market and enable 

companies to adopt hydrogen powered mobility equipments by making hydrogen 

available to them. Hence, the capacity of our proposed system reflects its 
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demonstrational purpose. Hydrogen, produced by zero emissions, will be delivered to 

warehouses, airports, ports, hydrogen stations, and train yards by hydrogen powered 

trucks. As our system is promoting hydrogen practicality, it also serves a very important 

purpose of limiting curtailment. “Curtailment is an easy response, but it is wasteful and 

undermines the investor confidence needed to transition the California power system” 

(Golden, & Paulos, 2015).  As wind energy gains popularity, so will the curtailed 

amounts. (Golden, & Paulos, 2015).  

1.1 System Sizing  
The system was chosen to be 2 MW. This figure is based on the electrolyzer 

capacity rating. The literature review in this field revealed that many medium size 

demonstrational projects of similar purpose were between 1 - 4 MW. Due to the 

unpredictable nature of wind and energy demand, it is very hard to predict an exact 

excess daily production amount. “Curtailment levels in the U.S. have generally been 

around 4 percent”  (Golden, & Paulos, 2015). Given the huge size of our selected wind 

farm (~900 GWh a year) and the 4% figure, our system will have more than enough 

excess power to be in operation regularly. Also, our system has the option of serving 

the function of leveling and stabilizing the wind farm's output. Electrolyzers are very fast 

to respond to fluctuations and they can absorb the peaks in power output to operate. If 

and when curtailment is not enough to supply our selected electrolyzer with enough 

power, we have the option of running out electrolyzer through load balancing. The 

system has the ability to produce 900 KG of Pure hydrogen if it is operating 24 hours a 

day. However, as our research pointed out, excess wind production only occurs during 

a 7 - 9 hour window. As a result, the storage is chosen to be one third of the maximum 

daily production capacity. “Since electricity consumption is low at night, the excessive 

generation from wind energy can be captured… [in] storage” (Chang, Eichman, Mueller, 

Fabian, & Samuelsen, 2013). This will directly work against curtailment. “Curtailment... 

is largely a result of over-generation” (Golden, & Paulos, 2015). Figure 2 shows that 

throughout the year, daily wind production in California peaks during late evening and 
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early morning. At the same time, the total demand is on a decline during these time 

periods. Modularity will be incorporated into all aspects of the design, including storage, 

to allow system resizing with minimum effort.  

Figure 2. California Wind and Solar Generation trends VS Total Demand 

1.2 Hydrogen Production  
There are many different ways of producing hydrogen, both, renewable and 

nonrenewable. For the scope of this project, where excess renewable energy will be 

used, we will be using electrolysis to make hydrogen. The excess energy from the wind 

farm during overproduction periods will be fluctuating. Electrolyzers are great for this 

application because they can function well with unstable power sources. "Electrolysis is 

the only viable and commercial proven method of producing hydrogen from highly 

variable renewable electricity generation" (Power-to-Gas, 2015). Moreover, as 

electrolyzers are absorbing the fluctuating excess energy, they are balancing and 

stabilizing the load from wind farms. A 2 MW PEM electrolyzer manufactured by Proton 

On-site was selected. In addition to the electrolyzer stack, this unit comes complete with 

all necessary operational features: heat exchanger, water circulation pump, combustible 

gas detector. Figure 3 shows an illustration of the M-Series electrolyzer with all of its 

components.Figure 4 displays its production capacity and specifications.  
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Figure 3. M-Series Proton On-Site 2 MW Electrolyzer  
 

 
 
Figure 4. Proton On-Site M-Series Basic Specification 

1.3 Hydrogen Storage  
Through Interviews conducted at the CSULA Hydrogen Station, we decided to 

use the same type of storage they are using: 20 KG gaseous containers at 350 bar 

pressures. Each container costs $30,000 and they are produced by Hexagon. These 

have shown to be very safe and reliable in outdoor operation. In total, we will use 15 

storage tanks. Figure 5 shows 3 of these tanks being used at the CSULA Hydrogen 
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Station. 5 of these containers will be stationary, while 10 will be mobile so that Nikola 1 

trucks can deliver hydrogen to desired locations. 

 

 
Figure 5. Quantum Gaseous Hydrogen Storage 20KG at 350 bar  

1.3 Hydrogen Utilization  
There are many uses for hydrogen including residential, commercial, industrial 

and space applications. For this project, we are focusing on power generation with fuel 

cells  to assist the power grid (P2P), and a variety of hydrogen consuming mobility 

applications (P2M). For all cases, fuel cells will be utilized to convert hydrogen gas into 

electricity, then into work. Hydrogen utilization through turbines was considered; 

however, fuel cells are more efficient than hydrogen turbine generators, have less 

components, are easier to maintain, and have faster response times. In P2P, our fuel 

cells will be converting stored hydrogen to electricity to assist the grid whenever there is 

a power demand. For our P2P’s main component, we selected a much smaller fuel cell 

than the electrolyzer. We are only planning to utilize one third (or less) of our produced 

hydrogen for Power-to-Power. Moreover, while 1KG of hydrogen sells for 15 KG, 

converting and selling 1 KG of hydrogen to the grid would only result in fraction of that.  

“1 kg H2 = 33.33 kWh using the lower heating value of hydrogen which is common in  
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engine analysis” (Burke, & Gardiner, 2005). This would only be few dollars as 1 KW is 

only worth a few cents when sold to the utilities. Similar to our electrolyzer setup, this 

fuel cell also comes complete with its auxiliary features in an enclosed container.  

 

 
Figure 6. 1MW PEM Fuel Cell by Hydrogenics. 
 

 
Figure 7. Hydrogenics PEM Fuel Cell Specification  

 

Another application for our pure hydrogen generated from excess renewable 

energy will be Power to Gas to Mobility (or Power to Mobility). Fuel cell vehicles, 

industrial forklifts, switching hydrogen-powered trains developed by BNSF, and 

hydrogen trucks developed by Nicola Trucking Company are all good examples of 
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Power to Gas to Mobility applications. This would allow companies to invest and 

become green. 

1.4 P2M Applications - Logistics Pathway  
We saw a big opportunity in providing zero emission hydrogen to H2 powered 

industrial machinery in various industrial settings. We will be providing great service to 

the development of the hydrogen economy by producing and delivering pure hydrogen 

to various industries that chose to adopt hydrogen technology. Figure 8 shows our 

targeted power-to-mobility applications in addition to fueling commercial FCEV vehicles 

and trucks. 

Figure 8. Hydrogen Powered Alternative Examples 

 

At the moment, these machineries are not being deployed at large scale. As with 

all new technologies, introductory stage will be challenging. As businesses try and see 

how clean and efficient these alternative options are, they invest and enlarge their 

hydrogen powered fleet.  

1.4.1 Hydrogen Tugboats  

All pollution eventually ends up in the ocean, which is a huge problem. Tugboats 

are specifically problematic since they only patrol coastal areas, where water pollution is 

usually bad to begin with. These pollutants go directly into the water and affect both 

marine life and the quality of the beaches. Hydrogen powered tugboats are still in their 

infancy. There have been a few projects that studied the viability of these projects. One 

project mentioned that “you can replace the diesel generator with a hydrogen fuel cell 

without changing the operations. It’s just a power source in a box, a shipping container 
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in this case” (FathomShipping, 2013). Over time, as hydrogen tugboats will evolve and 

increase in numbers, we are planning to be one of the leading initial supporters of this 

technology. It would be of great importance for both the hydrogen economy and 

environmental reasons to promote and support these projects.  

 
Figure 9. Project Tugboat 

1.4.2 BNSF Switching Train 

Switching trains are a 

huge source of urban pollution. 

Railyards need to be at close 

proximity with heavily populated 

dense industrial locations. This 

application is perfect for our 

focus. The hydrogen hybrid train 

utilizers batteries and fuel cells 

instead of a diesel generator. 

After switching trains establish 

themselves as a viable 

alternative, long distance trains 

will receive similar attention            Figure 10. BNSF Hydrogen Powered Switching Train 
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Figure 10 shows components of the BNSF switching train. “BNSF engineers say it can 

be two to three times more efficient than the standard diesel locomotive” (Lustig, 2008). 

1.4.3 Hydrogen forklifts  

Hydrogen forklifts are one of the more established hydrogen powered industrial 

mobility equipments. By delivering hydrogen to warehouses, we allow for more growth 

in this sector. Since hydrogen forklifts are so many and are getting more popular, it is a 

great financial  opportunity as well to penetrate this market and earn our share. The 

DOD was one of the earliest adopters of this technology in forklifts along with an indoor 

hydrogen facility to fuel these forklifts. The obvious business aspect is that is saves 

money, as well as being environmentally friendly without producing harmful CO2 

emissions. The future of fuel cell technology for vehicles somewhat hinges upon the 

development of forklifts using FC technology as the large scaled FC that use stacks are 

not as reliable and when buying any vehicle, you want to buy something that is reliable 

and worth your money in the long run.  

1.4.4 Hydrogen Delivery Trucks - UPS  

“Looks like hydrogen fuel cell technology is giving his much-publicized EV brand 

a run for the money” (Casey, 2017). UPS has been working on a fuel cell concept that 

has some major advantages over all other alternatives, including pure electric trucks. 

Trucks use very large batteries; therefore, take considerably longer to charge. FCEV 

trucks, on the other hand, employ much smaller batteries and rely on a fuel cell to 

extend the truck range by keeping the batteries charged. Besides the obvious benefit of 

weight reduction due to a smaller battery pack, a fuel cell cell vehicle allows for faster 

refueling instead of recharging.The UPS truck will be using a 32 KW fuel cell (Figure 11) 

along with a 45 KWh battery to power the vehicle (Casey, 2017). Having this, or similar 

concepts utilize hydrogen from excess renewable energy would truly emphasise its 

meaning and establish its place amongst alternative industrial transportation ranks. 
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Figure 11. Hydrogenics 32 KW Fuel cell Produced for UPS 

1.4.5 Hydrogen Airport Equipment - FedEx  

FedEx has also produced its industrial demonstration model that runs off of 

hydrogen. Instead of a delivery truck, they made a vehicle that will be pulling cargo at 

their airports. This FCEV ground support vehicle will be able to pull 4000 pounds of 

weight. Moreover, “15 vehicles are said to be saving 175,000 gallons of diesel fuel” 

(World's First, 2015). The fact that both UPS and FedEx are heavily invested into 

hydrogen powered industrial machinery says a lot about how successful these trends 

are expected to be. In 

Fact, there are 60,000 

ground support 

equipment vehicles in 

the united states 

(World's First, 2015).  

We aim to support this 

growth, by providing 

fuel for this and similar 

projects. 
                                               Figure 12. FedEx Ground Support FCEV Vehicle from Airports  
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1.5 Equipment Pictures and Informational Pictures  
 

 
Figure 12. Proton M400 2MW  Electrolyzer 
 

 

 
         Figure 13. Air Products Tube Trailer                     Figure 14. Nikkola One H2 truck 

 1.5.1 Truck Road Maps and Locations  
Figure 15. San 
Gorgonio Wind 
Farm → BNSF 
Railroad Station  
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Figure 16. BNSF Railroad Station → Ontario AirPort 
 

 
Figure 17. Ontario AirPort → Port of Los Angeles, San Pedro 
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2. Cost and Economics 
To produce a cost to plan for the future of its usage and to figure out the 

economies in which it will will sum up various estimated cost for our system. The 

estimated cost will consist of land cost,  infrastructure material cost, operating cost, and 

delivery cost.  Since our system will generate hydrogen gas from the wind farm, we will 

have a on site fueling station that will be used for both public and private consumption. 

As for the private consumption hydrogen fueling part we will use 1 Nikola truck for 

distribution.  

2.1 Land Location and Pricing 
Finding a specific  location for our hydrogen station is the most important part of 

the setup itself. Finding a closer location for the hydrogen production system results in 

less electric losses. The further the location of the station is, results in higher electricity 

losses. 

 
  

 
In order to account 

for less loses we will locate 

our station next to the 

Interstate 10 FWY as 

shown in figure 18. Being 

that the land is next to the 

fwy it will give our 

customers and Nikkola 

trucks easy access to the 

station. The land will consist   Figure 18. The location of the plant in respect to Interstate 10. 
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of 906170.69 feet² and will leased for a 10-15 year contract with the ability of purchase 

or extend the lease contract.  The land lease price around the San Bernardino County 

location is about $0.04ft2.  

 
Price: $0.04 ft2   
Land: 906170.69 feet².      .04f t x906170.69f t 36246.8 per month0 2 2 = $  
Months: 12        6246x12 434952 per yr3 = $  
Years: 10-15        34, 52x12.5 5, 36, 00  per Lease4 9 = $ 4 9  

2.2 Delivery Cost 
Hydrogen will be delivered via Nikkol One truck containing a Air Products 

142-300kg tube trailer. The tube trailer will only take 200 kg of hydrogen in order to 

leave hydrogen for the public sector. The 2017 average cost of hydrogen is from 15 

dollars per Kg. To take into consideration the the fuel and cost of the Nikola One truck 

and the Tube trailer an extra $1.40 cents will be charged per mile to help fasten 

payback time for those two components. The travel length of the Nikola One truck is 

153 miles one way. 

Hydrogen price:$15 per Kg of Hydrogen 

Hydrogen amount: 200Kg  

Miles Transited: 153 miles  

Extras: $1.40 

Solution: Price x Amount + Extras X Distance= Total Price Per Day 

                   $15 x  200kg 1.40 x  153mil $3, 14.2 daily                         +  =  2  

2.3 Delivery Driver and Tank fill cost 

The Delivery truck will consume leftover excessive hydrogen which will be 

produced at night time. That being said the truck will not use any of the 300kg of 

Hydrogen that will be used for our customers. When the truck is ready to be in route one 

of our full time employees with a  Class A Commercial Drivers License (CDL) will refill 

the tube trailer and be off for dispense. The driver will be paid by the living of cost in the 
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current location (16-33 dollars hour). Having an on the field driver will result in less 

employees and more revenue.  

 Cost of the driver: 

 Shift: 8hr 

Pay rate: 16-33 dls an hour 

Top Pay → hr x 33 dls 264 daily and 1320 weekly  8 =   

Min Pay → hr x 13 dls 128 daily and 640 weekly  8 =   

 

Overall, the pay will be variant depending on the cost of living and experience. 

The numbers shown are before tax deduction 

2.4 Future Delivery Cost 

In the near future hydrogen price will be priced depending on supply and 

demand. The hydrogen cost will remain competitive to ensure customer satisfaction at 

all times. The amount of miles traveled by the truck will also be affected depending on 

wages.  

2.5 Expenses  

Part Name Description Qty Units Unit Cost Cost 

Proton M400 2MW Electrolyzer  1 1  

$3,000,000.00 
 

$3,000,000.00 

Hydrogenics 1MW   Fuel Cell  1  1  $1,000,000.00  $1,000,000.00 

Flexcon BUF80 50L 70MPa buffer 

tanks  
15 15  $30,000.00  $450,000.00 

The Pinnacle LF-2000 Low pressure 

Compressor 

1 1  $100,000.00  $100,000.00 

Hydro-Pac Hydrogen 

Compressor Model 

C12-40-7000LX  

High Pressure 

Compressor 
1 1  $183,791.00   $183,791.00 
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Tyco simplex Grinnell 

Fire  detection and 

alarm 

Fire Alarm  1 1  $12,250.00  $12,250.00 

THERMAX 

EVAPORATIVE 

CONDENSERS  

Process chiller  1 1  $45,000.00  $45,000.00 

Nikola One  Delivery Truck 2 2  $375,000.00  $750,000.00 

SmartFuel® H70/H35  Hydrogen 

Dispenser 

2 2  $89,260.00  $178,520.00 

Honeywell Sensepoint 

XCD RTD Gas Sensor 
Hydrogen Sensor 4 4  $975.00  $3,900.00 

WEH Hydrogen Nozzle Nozzle 4 4  $10,947.00  $43,788.00 

WEH Hydrogen Hose Hose 3 meter 4 4  $1,948.00  $7,792.00 

WEH Breakaway 

connection 
Breakaway 

connection  
4 4  $3,953.00  $15,812.00 

Omega Pressure 

Relief Valves 
Valves 15 15  $155.00  $2,325.00 

Omega Pressure 

Sensors 
Sensors 25 25  $250.00  $6,250.00 

PCT100-TH Powercast Temperature 

Sensors 
4 4  $81.25  $325.00 

EAU SERIES 

AUTOMATED 

TRUE UNION BALL 

VALVES 

Hayward 

Automated Valves  
8 8  $417.85  $3,342.80 

Contracter Mistakes  Emergency Money 1 0  $250,000.00  $250,000.00 

Advertising  Ads(TV, Social 

Media, Billboards) 
1   $50,000.00  $50,000.00 

Contractors Employees 1 10  $300,000.00  $300,000.00 

Total  84    

$6,403,095.80 

Figure 19. Expenses 
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3 Safety Analysis, Codes, and Standards  

3.1 Safety Analysis 

Since our system will generically generate high amounts of hydrogen, strict laws 

and regulations will need to be enforced in order to ensure the maximum security and 

safety for the public, consumers, and workers. Ensuring safety will create less defects 

and help expand the growth of newly build hydrogen storage systems. 

 

Hydrogen also has a variety of safety codes and standards. A vast majority of 

codes and standards impact how hydrogen has to be contained and transferred, due to 

leakage and the high flammability rate of hydrogen if exposed. The majority of 

regulations are highly implemented from the federal/state government along with some 

private sectors, such like the like Department of Transportation (DOT) and the 

Occupational Safety and Health Administration (OSHA). The Department of 

Transportation (DOT) implements regulations on the transportation of hydrogen from 

one location to another. Whereas the Occupational Safety and Health Administration 

regulates and protects all workers who handle Hydrogen in industrial uses. As for the 

storage of hydrogen, hydrogen containers "shall be equipped with safety relief devices 

as required by the ASME Boiler and Pressure Vessel Code, Section VIII Unfired 

Pressure Vessels, 1968 or the DOT Specifications and Regulations under which the 

container is fabricated." (Federal Code 1910.103(b)(1)(ii)(a)) 

 

As a result of various hazardous and safety issues, our systems storage 

containers will be  monitored 24 hours a day. Various sensors (temp,pressure,leak,etc.) 

controlled via internet application will be located within our infrastructure in order to alert 

employees around the job-site, if malfunctions are occurring. Along with the sensors will 

be multiple emergency stop buttons to reduce the risk of expanding malfunctions or 

inflate the risk of danger. In order to reduce the risk of built in pressure within our 
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system, pressure relief devices (PRDs) will be located in our containers. The PRDs will 

ensure that when the maxim amount of pressure is accumulated, the excessive 

pressures will be released in order to relief the risk of explosions or other failures. If non 

contained malfunctions are to erupt, the system will self shut off and the fire protection 

system will activate along with alerting authorities (fire, police).  

 

In addition to our production and containment safety, our fuel transfer equipment 

will also be controlled alike our storage system. However; the only difference will be in 

the fueling process. Both the fuel dispenser nozzle and equipment being fueled will 

have a safety flow control valve in order to ensure security within the process. If the fuel 

dispenser senses a malfunction or is not properly connected it will self shut of and alert 

the fueler what is occurring via application.   

3.2 Failure Mode and Effects Analysis 

Applying the usage and creation of hydrogen fuel, A failure mode and effects 

analysis (FMEA) is necessary, as they are significantly harmful, for the risks of 

personnel safety. The most significant effects that may appear, resulting from the 

unpredictable critical failure modes of hydrogen itself, are fires and explosions. 

However, it is safe to say that most hydrogen equipment, such like storage tanks, 

compression tanks and conditioning equipment, are created almost exclusively 

self-contained. If leakage apparently occurs, the hydrogen gas can be expected to 

escape quite easily. 

 

All key components were analyzed based on the severity of the hazardous threat 

and the likelihood of it giving up faster than others. Each component regulating or 

dealing with hydrogen, has the potential to fail. In understanding the dangers of each 

event if it occurs, they are valued on a scale from 1 to 10, with 10 being likely to 

malfunction, under the category of O. In dealing with this scale, it also varies to parts 

that can be most dangerous to personnel, under the category of S, with 10, making the 
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component a high risk to safety. Applying both scales together, Figure 20 shows the 

total rank of risk, being juggled with that certain failure mode. 
  

Functions Potential 
Failure Mode 

Failure 
Effects 

S Potential Causes O Overall 
level of 

risk 

Hydrogen 
Storage 

Over Pressure 
  
  
  

Under 
Pressure 

  
  

Overflow 
  
  
 

High 
Temperature 

Explosion, fire 
detonation 

event 
  

Implosion, fire 
  
  

 
Pressure 
buildup, 

explosion 
 
Rupture, Leak 

10 

10 

 
10 

 
 
10 

Excessive fill rate, 
high inlet flow rate, 

obstructed vent 
  

Obstructed vent, 
excessive draw rate, 
high outlet flow rate 

  
Control mechanism 

failures, uncontrolled 
inflow 
  

External Fire, cooling 
system failure 

  

4 

2 

4 

3 

40 
  
  
  

20 
  
  
  

40 
  
  

 
30 

Hydrogen 
Compression 

Over Pressure 
  
  
 

High 
Temperature 

  
  

Reversed 
Flow 

 

Explosion, 
fire, leak 

  
 

Explosion, 
fire, leak 

  
  

Fire, leak 

10 

 
10 

10 

Failure of 
downstream valve, 

leakage 
  

Cooling system 
failure, failure of 

lubrication system 
  

High outlet or output 
pressure 
  

3 

 
2 

1 

30 
  
  

 
20 

  
  
  

10 
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Electrolysis & 
Fuel Cell 

Water 
Purification 

Failure 
  

Oxygen 
Accumulation 

  
Electrolyte 

Leak 
  

Gas Leakage 

Residue Build 
Up 

  
  

Denotation 
Event, Fire 

  
Injury, 

Hazardous 
  

Combustion, 
Fire 

  

2 

 
10 

  
  

8 

 
8 

High Impurity Levels, 
Clogged Purification 

Membranes 
  

Blockage of Oxygen 
Gas 

  
Mechanical Failure 

  
 

Mechanical Failure 

6 

3 

2 
  

4 

12 
  
  
  

30 
  
  

16 
  
  

32 

Piping & 
Valves 

High 
Temperature 

  
Over Pressure 

  
High Flow 

  
 

Loss of 
Containment 

  

Fire, rupture 
  
  

Fire, rupture 
  

Fire, rupture 
  

 
Fire, 

Suffocation 

10 

10 

10 

 
10 

External fire 
  
  

Line blockage 
  

Upstream mechanical 
failure or human error 

 
overpressure in 

pressure and 
temperature gages, 

thermal stress 
  

3 

1 

3 

2 

30 
  
  

10 
  

30 
  

 
20 

Pressurized 
Hydrogen 

Gas Leakage 

Poor 
Connection of 

pipes 
  

Compressor 
Malfunction 

  

Fire Hazard, 
physical injury 

  
 

Fire Hazard, 
physical injury 

6 

  
 

6 

Poor connection of 
hydrogen pipes 

  
 

Mechanical fault 
during manufacturing 

2 

2 

12 
  
  
  

12 

All 
Components 

Large 
External 

Force 
  

Fire, 
Explosion 

10 Mismanagement, 
deliberate act, 

sabotage 

 3  30 

Figure 20. Risk Analysis 
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To fully understand and hence mitigate the risks involved with this project study, 

a failure mode and effects analysis (FMEA) is undertaken on the components that 

specifically deal with hydrogen as they are the most likely to have safety risks 

associated with them. The analysis focuses on the different system components and 

within each component, potential failure modes were determined based on literature 

review. The potential causes of such a failure mode happening were analyzed and 

likelihood value was assigned to each cause. This value, on a scale of 1 to 10, depicts 

how likely such an event would be, with 10 being extremely likely. Finally the effects or 

consequences of each failure mode are determined (i.e. deflagration event, explosion, 

etc.). The severity of each consequence is analyzed by assigning a severity value to it 

on a scale of 1 to 10, with 10 being the most catastrophic (i.e. a large detonation event). 

Multiplying together the likelihood value and severity value gives a total risk value 

associated with that particular failure mode. Table 7 below summarizes the FMEA and 

as seen in the total associated risk column, red indicates failure modes with high risk, 

that will need multiple mitigation and backup strategies, while orange indicates 

moderate risk and yellow indicates low risk 

 

A Failure Mode and Effect Analysis (FMEA) has been conducted on the key 

systems of the hydrogen fuel station to identify significant safety risks. All key systems 

were analyzed based on the severity of the failure, frequency of failure, and how 

fast/easily the failure will be detected. The criteria used to rank the importance, 

likelihood, and ability to detect failures is reported in Table 6. 

 

The most significant effects resulting from the aforementioned critical failure 

modes are fires and explosions. There is little to no risk of suffocation posed to an 

individual, as the station’s hydrogen storage, compression, and conditioning equipment 

is almost exclusively self-contained. In the event of a hydrogen leak or emergency 

venting procedure, the hydrogen gas can be expected to vacate the station and ascend 

rapidly by virtue of its high buoyancy 
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Emergency shutdown controls vary slightly. Both IFC and NFPA 2/52 require 

manual emergency shutoff valve at hydrogen supply. IFC requires a minimum of one 

emergency shutdown control between 25-75 feet of dispensers. NFPA 52 requires a 

minimum of two emergency shutdown devices; one at the dispensing area and another 

remote from the dispensing area 20-100 feet away. IFC and NFPA 2/52 require that 

power to hydrogen storage, compression and dispensing equipment be shut off 

automatically and valves to hydrogen generator, between main supply and compressor, 

and between storage containers and dispensing equipment are closed automatically 

3.3 Regulations, Codes and Standards 

Developing a useful H2G system, in terms of generating hydrogen, must follow 

numerous regulations and codes, due to safety issues. Avoiding it can be recognized, 

with the use of figure 21, seeing what is the necessary steps to be noticed when 

beginning the part to part process. 

  

Figure 21, Overview of Regulations, Standards, and Codes. 
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4 Siting 
 

Wind farm siting is the most important part of the wind farm itself. Each wind farm 

location is required to have wind that travels at least 11 MPH. If the wind is lower than 

11 miles per hour, the turbines have negative outcome impacts. That being said, wind 

turbines can not be located behind 

houses, but along coasts or open 

lands instead. However; one cannot 

simply create a wind farm in any 

location in order to create a wind 

farm, the customer needs to secure 

land rights.  Lands rights are 

received from buying property or by 

leasing a property. Along with the 

Wind Farm  

locations comes the Wind Farm  

Permits. Permits are received from 

various government agencies. The  

permits secure clearance from 

various safety issues and hazards.  Figure 22. California Wind Energy Map 

  

Figure 22 shows that a majority of California’s wind energy is being  produced 

near or off the coast with smaller regions in the valleys around Riverside and Kern 

County. We chose the closest Riverside farm as it is closer to LA with an easier network 

of transportation already in place such as trains, semi-trucks, and power back to the 

electrical grid itself after being store via hydrogen.  
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With the regulations put in place, we found it easier to construct the model of our 

Power-To-Gas system with a wind farm that is already built, functioning, and fully 

operational. Although it would have been optimal to place our system closer to the 

coast, location space and cost was a complication we encountered when looking into 

system interaction locations. The infrastructure for transportation also benefits our 

proposed location site, San Gorgonio Pass Wind farm. Geographically, the San 

Gorgonio Pass receives the highest speeds of wind in California (NEED SOURCE) 

making it a prime location for a wind farm and a superb candidate for our Power-To-Gas 

system to help utilize all the potential energy produced.  

 

Moreover, an oil refinery and storage place is currently located by the San 

Gorgonio Pass site, so our hope is that the implementation of our environmentally clean 

and efficient energy production system will appear favorable in comparison to the 

already existing oil refinery due to the less detrimental environmental hazards. This will 

not only decrease the dependence on fossil fuels for our energy but also healthy for the 

environment and air quality which is already very poor in the Los Angeles region.  

 

This location is prime due to the fact that the San Pablo and Long beach harbors 

frequently bring in lots of traffic as well as trucks driving into Los Angeles through the 

Riverside area. While the harbors already have a hydrogen station their and it would be 

very costly to send the hydrogen we produce to them, our hopes is to create a hydrogen 

fueling facility along with a storage facility as well. That way we maximize the usage of 

our hydrogen produced instead of constantly storing it. With an extra fueling station we 

also achieve a higher radius for trucks that do use hydrogen fuel to be able to venture 

out on their jobs instead of being central to one area or region with a hydrogen fueling 

station local. The overall goal is to allow the public to fuel their vehicles as well so that 

more drivers would think about hydrogen vehicles. The reason many are not buying into 

a proven technology is the infrastructure is simply not there currently but with new 



30 

facilities being built and planned these FCV should increase in numbers by the end of 

the decade.  

5 Operation and Maintenance  

Having mechanics at the plant, are needed for monthly routine check ups. This 

will be aimed at the many mechanisms for our H2G plant, as a way to prolong its life. As 

for their automatic routine check ups, on a daily basis, employees will watch over 

sensors, placed on a screen in an operation room, which provides a limited sense of 

readings and limiters of our substances, in knowing if they are above or below their 

actual readings. However, each sensor is placed in certain spots on the screen to show 

an indication of where each part is placed, such like a map of our plant. Every 6 months, 

an employee at the plant will walk through every sensor and test every single one for 

management. Every 6 months, maintenance on machines will take place and would 

need necessary backup generation systems to keep the plant up and going. This is 

provided by the contractor. Throughout the six month check up, maintenance would 

consist of a pressure check, a level check and a change of liquids. As for every 12 

months, meetings will be conducted about the permit and other regulation renewals, to 

provide for the most accurate and stable plant. To know if we are providing the best 

quality hydrogen, we will send out samples of hydrogen to Atlantic Analytical lab for 

testing. As results are sent back, there will be a post about the findings for the general 

public, on giving knowledge to the customers and industry of our purest hydrogen 

quality. Yearly expenses to keep the plant up and running will be around an average of 

$5,000-$10,000. Below, figure 23 shows what tasks will be performed throughout the 

routine maintenance check.  

Equipment Task 

Compressors Chillers Lube oil pressure and levels 

  Coolant check 
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  Abnormal noise and vibration check 

  Automated system functionality 

  Leak detection Status 

  Oil filter change 

  Diaphragms and diaphragm O-ring seals 

  Process check valves 

  Oil inlet and relief valve 

  Normal process inlet filter 

  Inspect crankcase assembly 

  Inspect compressor lower head 

  Inspect injection pump 

  Fuses 

Hydrogen Dispenser Filter: drain bowl and inspect element 

  Inspect piping for damage and leaks 

  Inspect breakaways 

  Nozzle: full leak check, clean, inspect jaw 

  Calibration of pressure transducer 

  Inspect credit card & Screen Calibration 

Other Testing station emergency shutdown switches 

  Test fire suppression system 

  Test thermocouple heat detectors 

  Test emergency breakers 

  Test alert system 

  Inspect PLC unit 

  Test over/under voltage relay 

Figure 23. Maintenance tasks required for key station equipment (SERC 2012)  
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6 Environmental Analysis 
 

 

Although our project is primarily designed with clean energy in mind, it is still 

proper conduct to run an environmental analysis, just to see where the true benefits lie.  

As mentioned previously, our proposed system is not intended to produce and provide 

large amounts of hydrogen. Instead, we aim to penetrate the market and enable 

companies to adopt hydrogen powered mobility equipments by making hydrogen 

available to them. Hence, the capacity and total impact of our proposed system reflects 

its demonstrational purpose. It’s not intended to be a major milestone for green 

technology, but a great stepping stone into a greater, cleaner future. With that in mind, 

since our system isn’t designed to be impactful, our environmental impacts won’t be 

extreme either (if you focus on just the system itself). 

 

Since our system is running off of excess wind power, there is no real initial cost 

to running our system since it’s functioning off of power that would’ve been wasted. This 

means, we don’t need to create huge infrastructures of energy just to run our system; 

our system piggybacks off of already existing energy and better utilizes it. In the end 

though, the focus isn’t on our system itself, but on the markets and companies it 

benefits. That being said, that doesn’t mean our system isn’t making a huge 

environmental impact. Hydrogen is one of the cleanest, current technologies, with the 
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only “emissions” being heat and water. No matter how small the implementations may 

be, our impact is still in the right direction, environmentally-wise. 

 

Also, since our system will be based off of the 10 Freeway, we purposely chose a 

‘blank’ spot of land that has no natural resources or civilian infrastructures. This way, we 

wouldn’t be doing any environmental harm when introducing the facilities for our 

system. Our design will integrate smoothly given the location we chose shown in Figure 

24. 

 

 
Figure 24. The plant location  
 
In the end, as mentioned earlier, the focus of the environmental impacts 

shouldn’t be on the system itself, but on the markets and technologies it affects. The 

primary impact of our design is in the markets we reach out to. By providing hydrogen 

for UPS trucks, tug boats, switching trains, forklifts, airplane tugs, luggage transports, 

Nikola trucks, and various H2 vehicles, we greatly impact the hydrogen economy as a 

whole by adding another layer of fuel support to a budding new system. When it comes 

to economic design changes as a whole, sometimes primary, game-changing, designs 

aren’t needed. Sometimes, all that’s required to hit the next stage is some ancillary 

support. And our system is designed to be that ancillary support for the hydrogen 

economy. We don’t aim to introduce game-changing designs, but we aim to provide 

support for green technologies, and help speed up the economy as a whole towards 

stepping into cleaner technologies. That’s why the environmental analysis should not 
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focus on what it will be affecting now, but what changes it will lead towards in the future. 

And with our design, we hope to have a hydrogen economic future. 

 

8 Policy/Regulatory Analysis  

8.1 Hydrogen Fuel Specifications 

 
The California Department of Food and Agriculture DMS (Division of 

Measurement Standards), requires that hydrogen fuel being dispensed, advertised or 

used with or in internal combustion engines and fuel cells, must meet the SAE 

International J2719 standard for hydrogen fuel quality. However, following SAE 

standards is just a part to this testing. The process for hydrogen to actually be tested to 

be sold or used, are measured and weighed by DMS, referring this process as type 

evaluation. (https://www.afdc.energy.gov/fuels/laws/HY/CA)  

 

8.2 Alternative Fuel and Vehicle Policy Development 

 
The California Energy Commission (CEC) must prepare and submit an 

Integrated Energy Policy Report (IEPR) to the governor on a biannual basis. The IEPR 

provides an overview of major energy trends and issues facing the state, including 

those related to transporting fuels, the involvement of technology, and its infrastructure. 

The IEPR also examines potential effects of alternative fuel use, vehicle efficiency 

improvements, and shifts in transportation modes on public health and safety, the 

economy, resources, the environment, and energy security. The IEPR's primary 

purpose is to develop energy policies that conserve resources, protect the environment, 

ensure energy reliability, enhance the state's economy, and protect public health and 

safety.  

https://www.afdc.energy.gov/fuels/laws/HY/CA)%C2%A0
https://www.afdc.energy.gov/fuels/laws/HY/CA)%C2%A0
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Current energy policy is located here: 

http://www.energy.ca.gov/2017_energypolicy/index.html 

8.3 Hydrogen Fueling Station Evaluation 

 
The California Air Resources Board (ARB) may not enforce any element of 

regulations that would require a supplier to construct, operate, or provide funding to 

construct or operate a publicly available hydrogen fueling station. Annually, ARB must 

aggregate and share the number of hydrogen vehicles that manufacturers create on 

being sold or leased over the next three years, but also the total number of hydrogen 

vehicle’s registered in the state. Based on this information, ARB must evaluate the need 

for additional publicly available hydrogen fueling stations for the subsequent three years 

and report findings to the State Energy Resources Conservation and Development 

Commission. They must also include the number of stations, geographic areas where 

stations are needed, and minimum operating standards, such as number of dispensers 

and filling pressures, with the report. The Commission will allocate up to $20 million per 

year to fund the number of stations deemed necessary based on ARB's evaluation and 

reports. The Commission may stop funding new stations if it determines, in consultation 

with ARB, that the private sector is developing publicly available stations without the 

need for government support. The Commission and ARB must annually issue a report 

on progress toward establishing a hydrogen fueling station network that meets the 

needs of vehicles being used in the state. The review will determine the remaining cost 

and time required to establish a network of 100 publicly available hydrogen fueling 

stations and whether funding from the Alternative and Renewable Fuel and Vehicle 

Technology Program is necessary to achieve this goal. 

Reference California Health and Safety Code 43018.9 

(https://www.afdc.energy.gov/fuels/laws/HY/CA)  

https://www.afdc.energy.gov/fuels/laws/HY/CA)%C2%A0
http://www.energy.ca.gov/2017_energypolicy/index.html
https://www.afdc.energy.gov/fuels/laws/HY/CA)%C2%A0
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 Brochure for Public Education  
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Transporting our Hydrogen to all Customers. 

    How we produce Hydrogen? 

● Our hydrogen is produced by 
excessive electricity that is 
generated by the San Gorgonio 
Wind Farm. 

● The excess wind energy is sent 
to our Hydrogen generation 
which by via electrolysis splits 
Oxygen and Hydrogen 

● The Station generates 300kg of 
Hydrogen Gas  

 
 

Who We Are 

 
 

About Us 

We are a Hydrogen Production 
Company bringing Hydrogen 
created by wind turbines to your 
footstep.  
 
 

Contact Us 

California State University, Los 
Angeles 
5151 State University Drive 
Los Angeles, CA 90032-8530 
Phone: (323) 343-3000 
 
 
 
NO EMISSIONS NEEDED! 

 
 

 

San Gorgonio 
Riverside County

 
 

 

 

San 
Gorgonio 

H2 Station 

CALIFORNIA STATE 

UNIVERSITY- LOS 

ANGELES 

 

https://www.google.com/search?safe=active&source=hp&ei=0UcqWoqvFsvVjwTcrqLgBA&q=csula+phone+number&oq=csula+phone+&gs_l=psy-ab.3.0.0l2j0i22i30k1l8.862.5147.0.6280.13.12.0.0.0.0.242.1529.0j10j1.11.0....0...1.1.64.psy-ab..2.11.1525.0..35i39k1j0i67k1j0i131k1j0i20i263k1j0i131i67k1j0i20i264k1j0i131i20i263k1j0i20i263i264k1j0i10k1.0.3GWBa_MJ4AA
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What do we do with 
our hydrogen? 

Once the hydrogen is produced 
it is available for sale. At the 
station we have a public fueling 
station which is available for 
local and commuting 
customers. Within the same 
station we also have a private 
dispenser that dispenses 200kg 
of Hydrogen to our Tube trailer.   
 

Where Is Our 
Hydrogen Used? 

Our hydrogen is used in various 
industrial businesses like: 

● Airports 
● Freight Train Stations 
● Ports 

The hydrogen helps power 
vehicles like tugs, boats, 
and switch trains at 
specific businesses. 

 

 

 

 

 

Hydrogen Price?   

At our Local fueling station 
Hydrogen is sold for $15/kg. As for 
our private sector our company 
offers a very competitive 
Hydrogen Packages. Our Hydrogen 
varies due to the amount and 
location in which the hydrogen 
needs to be transported. 
However; we  offer a more 
satisfying package for long term 
customers. 
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