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1.  Abstract 
 

Emerging as Canada’s flagship commercial hydrogen fueling station, H2Go 
embodies the promise of this new fuel: the opportunity to power our 
vehicles from an environmentally benign source of energy that can be 
produced domestically – in our own backyard! Not merely a station, this 
facility was designed to be a public education and research facility that 
endeavors to encourage the community’s sense of interest, understanding, 
acceptance and excitement over this new choice in fuels. The station does 
this by utilizing an on-site wind turbine that yields enough electricity to 
produce the hydrogen through electrolysis and power the station. This 
‘backyard’ approach to producing hydrogen is transformed into a wheel-
chair-accessible public exhibit as well as a convenient research facility for 
nearby universities. Meanwhile in the background, safety is strongly 
stressed as potential failure modes are analyzed and appropriate precautions 
are implemented.  While the monetary cost of hydrogen made from this 
station is estimated to far exceed that of gasoline at $0.173 ($0.128 US)  per 
mile verses $0.0783 ($0.0580 US) per mile, respectively, the intrinsic worth 
of introducing hydrogen to the public is such a manner is beyond price. 
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2. Technical Design. 
 
2.1 Introduction 
 
Our approach to the design of the hydrogen fueling station is based on the philosophy of 
self sufficiency, in which the station needs not to rely on centralized, non-sustainable 
power generation sources to achieve a significant level of autonomy in the way it derives 
power for its operation.  With this freedom, we want to demonstrate a clear path in which 
energy is harnessed from nature and used in a noninvasive manner, without perturbing 
the environment through the use of nonrenewable resources.  Also, we hope to advance 
the role of hydrogen not only as a versatile medium of energy storage for fuel cell 
vehicles, but as a potent buffer for the supply of energy from natural resources with time 
varying power, such as wind.  Therefore we propose a hydrogen fueling station that 
generates power on site, by means of a large scale wind turbine.  Self sufficiency is 
achieved by drawing the power of wind to produce hydrogen, compress it for storage, as 
well as run auxiliary functions of the station. 
 
2.2  Station Location and Layout 
 
The station is located in the downtown core of Toronto, highly visible from one of the 
major highways, the Gardner Expressway. Situated right off of Lake Ontario, high wind 
speed suffices for efficient harnessing of wind power.   
 

 
 

Figure 1: The location of the station is right on the water front and 
 is highly accessible from the Gardiner Expressway, Lakeshore Blvd. exit  



Figure 3 is the site plot plan of the station.  The wind turbine is located near the back of 
the station.  Adjacent to it is the storage bay, for hydrogen production and storage, 
consisting of two electrolyzers, an arrangement of compressors, storage tanks, and buffer 
tanks.  These equipments are surrounded by a 4m tall, concrete security wall, and 
concealed from view, but can be seen by visitors via a wheel chair accessible observation 
walkway.  Maintenance vehicles may also park in a lot in the storage bay to gain access 
to the equipment. This design also makes it possible for hydrogen fueling truck to make 
deliveries should station demand increase and the price of hydrogen delivery fall in the 
future.  The hydrogen dispensing area locates in the north end of the station, and consists 
of two dispensers, and a convenience store.  The area is sheltered overhead by a canopy.  
The road leads vehicles coming in from the station's west side directly to the dispensing 
area, after which they may exit from the station's north side.

Figure 2: A 3D rendering of the station layout
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 Figure 3: The site plot plan of the station.
The station dimensions are 25.0 m x 53.5 m. 4
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2.3  Hydrogen Production, Storage, and Dispensing  
 
2.3.1  Overview 

 
 

Figure 4.  Hydrogen flow diagram 
 
Figure 4 is a flow diagram of the components for hydrogen production, storage and 
dispensing.  Power required for the operation of components involved in these processes 
is generated on site by a grid-connected Nordex Sudwind 1.5 MW wind turbine.  
Hydrogen is produced electrolytically, dried and purified by two Stuart Energy alkaline 
electrolyzer modules, and intermittently stored in a 188 L capacity electrolyzer buffer 
tank.  A Pressure Products Industries Inc diaphragm primary compressor compresses the 
hydrogen up to 3600 psi, to be stored under high pressure in a main storage vessel with a 
volume of 3626 L and a capacity for 111 kg of hydrogen.  Four 225 L capacity dispenser 
buffer tanks provide the final pressure differential between the two dispensers and the 
car, and they are replenished by a booster compressor, which compresses hydrogen from 
the main vessel to keep the dispenser buffer tanks at high pressure (up to 7500 psi).  
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Finally, the dispenser buffer tanks are connected to two Stuart Energy HES fuel 
dispensers, which interface with the vehicles. 
 

The flow of hydrogen along the pipelines, between buffer tanks and main vessel, and 
from buffer tanks to dispenser, is controlled by a central computer system, which 
coordinates the operations of the electrolyzers, compressors, dispenser, and the switching 
of valves via line solenoids [5]. 
 

2.3.2  Hydrogen Production  
 

Hydrogen is produced round the clock. Thanks to Toronto's unique net metering laws, the 
turbine can deliver power to the grid as it is made, and the station can draw power at a 
steady rate from the grid to run the electrolyzers and compressor necessary for hydrogen 
production and compression (see 2.2.3 Hydrogen Storage). The turbine is projected to 
produce 173,000 kWh more than the entire station will consume over the course of the 
year.  Much of this surplus is likely to occur during the summer months when the wind 
speeds are higher on average. The less fruitful winter months the station will be required 
pay a higher rate for the extra electricity taken from the grid. The end result will be a self 
sufficient station in terms of electricity production and cost.  
 

In order to be ready to handle a sudden surge of demand for refueling, the station stores a 
minimum of 13 kg deliverable hydrogen, so that coupled with simultaneous electrolysis 
at maximum rate (7 kg hydrogen/hr), the station can dispense 20 kg hydrogen within a 
one hour slot.   
 
2.3.3  Hydrogen Storage 
 
The station stores hydrogen as compressed gas in the 111 kg capacity main vessel.  The 
hydrogen exiting from the electrolyzers first accumulates in the electrolyzer buffer tank 
where the pressure is monitored by a pressure gauge.  When the electrolyzer buffer tank 
pressure rises above a threshold pressure of 300 psi, the primary compressor switches on, 
compressing the hydrogen to 3600 psi and discharging it into the main tank at a flow rate 
of 10 kg hydrogen per hour, in excess of the production rate, until the electrolyzer buffer 
tank pressure drops below 100 psi.  Then the compressor switches off until the next 
occurrence that the threshold pressure is exceeded.   
 
To be dispensed, the hydrogen in the main vessel is further drawn and compressed to 
7500 psi, for as long as the main vessel pressure is above 100 psi, below which the 
hydrogen becomes exceedingly energy intensive and costly to suction and compress.  
Therefore the main vessel always contains trace amounts of hydrogen, about 2 kg, that is 
not extracted out of the main tank and dispensed.    

 
As cars come to the station for refueling over the course of the day, it is unlikely that the 
amount of hydrogen stored exceeds 111 kg.  However, if such a situation arises, and the 
main vessel pressure rises above 3600 psi, a pressure sensitive, spring loaded thermal 
pressure relief device will release a portion of the stored hydrogen to restore the tank 
pressure to below 3600 psi to ensure it does not reach a dangerous level. 



Figure 5: Overview of the hydrogen production and storage bay

2.3.4  Hydrogen Dispensing

The hydrogen dispensing process is pressure driven, relying on four dispenser buffer tanks 
to provide high pressure hydrogen and the dispensers to regulate flow rate.  Two dispenser 
buffer tanks are connected to each dispenser.  At 7500 psi, each dispenser buffer tank has 
the capacity to discharge 2.5 kg of hydrogen, before coming to mechanical equilibrium 
with a vehicle's fuel tank at 5000 psi.  After a refueling, the used dispenser buffer tanks are 
replenished by the booster compressor, in 18 minutes or less depending on the amount of 
hydrogen that has been used up.  At this time, the two other dispenser buffer tanks may be 
discharged for refueling.  In this way, the dispensers can be used alternately to handle 
consecutive refueling within a short time span. 

As explained, the four dispenser buffer tanks combine to hold 8 kg of readily deliverable 
hydrogen.  If the booster compressor continually operates at maximum rate to fill up these 
tanks, for example when they are being frequently discharged at a time of frequent 
servicing, the booster compressor is able to replenish the tanks at 13.6 kg hydrogen per 
hour.  Altogether, this gives a capacity to dispense 21.6 kg hydrogen in an hour in the most 
demanding scenario, given there is plentiful enough hydrogen stored in the main vessel.  
If, incidentally, the main vessel contains only the minimum designated amount of 
deliverable hydrogen (13 kg; see 2.2.2 Hydrogen Production) at the outset, then the 
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electrolyzers determine the limiting rate at which hydrogen can be serviced, and in this 
case the station has capacity to dispense 20 kg hydrogen in an hour.    
 
The hydrogen dispensers control the flow rate and amount of hydrogen transferred from 
the dispenser buffer tank to the car, by means of a system of rotary vanes to regulate the 
speed of gas flow.  The flow control is fully automatic, following a tailored algorithm to 
minimize vehicle tank heating while maximizing overall fueling speed.  The entire 
process of refueling a fuel cell car with 4 kg hydrogen takes about 4 minutes [2]. 
 
2.3.5 User Interface 
 
The user interface in the refueling process is very similar to that in the traditional 
gasoline fueling station.  The dispenser is equipped with a single nozzle, which is 
operated by hand as one use a gasoline pump.  The connector is equipped with standard 
safety features, including over-pressure protection, and breakaway disconnection 
mechanism (see 3.1 Human Error). 
 
The user may purchase refueling service by swiping his/her debit or credit card through a 
card reader mounted on the display panel of the dispenser, or establish an automatic  
transaction via remote connection, using a 134.2 MHz radio frequency identification 
(RFID) tag.  The mini RF antenna tower is situated next to the dispenser, and can detect 
the user’s RFID tag within a range of 3 m [6]. 
 
2.4  Main Components 
Note: Specifications for main components can be found in Appendix A 
 
2.4.1  Wind Turbine [7] 
 
The Nordex S77 is a large scale, 1.5 MW wind turbine that optimizes power generation 
via computer controlled rotor speed and blade pitch, making it suitable for use in the 
highly variable wind speeds along the lake shore of Toronto.  As the wind turbine is 
situated in an urban setting, special attention must be placed to ensure that its noise level 
is kept at a minimum.  The Nordex model addresses this issue, featuring helical gears, 
and specially designed mounts for the gears and generator, to maximize vibration 
damping.  Moreover, the Nordex S77 is attractive because it is simple to be monitored 
and maintain, by remote query from the foot of the tower, and easy access to the various 
components.  
 
2.4.2  Electrolyzers [8] 
 
The Stuart Energy IMET 1000 is a compact, self contained pressurized alkaline 
electrolyer, with a comprehensive array of auxiliary features, including built in voltage 
rectifiers, and hydrogen dryer and purification system.  Its bipolar electrode design 
reduces the electrolyzer stack size, resulting in the entire unit to consume a floor place of 
only about 4m by 2m.  We opt for alkaline electrolyzer as it is less sensitive to impurities 
in the water, avoiding the need for an exquisite water purification system.  The IMET's 



9 

higher than atmospheric hydrogen exit pressure is also advantageous, as it reduces the 
size of the electrolyzer buffer tank and the energy required to compress the hydrogen 
further for storage in the main tank.   
 
2.4.3  Compressors [9] 
 
The PPI 7V is a diaphragm compressor, suitable for preparing highly pressurized, high 
purity hydrogen due to its piston driven design (which is capable of very high 
compression ratios), and its metal diaphragm separator between the hydraulic and 
compression compartments (which prevents hydrogen from leaking or becoming 
contaminated by lubricating or hydraulic fluid).   The PPI 7V’s dual, V shape piston 
configuration minimizes imbalance and vibrations, eliminating the need for heavy duty 
mounting on a rugged floor. 

 
2.4.4  Storage Vessels [5] 
 
Dynetek storage vessels are constructed out of carbon fiber reinforced polymer, with 
inner aluminum lining to prevent hydrogen leakage.  One of our main priorities in the 
selection of storage vessels is the guarantee of a high level of safety.  Dynetek storage 
vessels meet stringent safety conditions, including the ISO 9001-94 and QS 9000 
certification requirements.  The tank burst pressures are rated at 2.25 times the service 
pressure, allowing for a large margin of safety.  Moreover, all tanks are equipped with 
spring loaded pressure relief devices, ensuring that hydrogen cannot built up in them to a 
dangerously high pressure. 
 
2.5  Station Power Consumption 
 
The major power usages in the station are in the electrolysis and hydrogen compression.  
Referring to the component specifications, to generate a day's worth (150 kg) of 
hydrogen, compress it for storage and dispensing, and figuring in other energy 
expenditures such as the operation of the station store, the amount of energy and average 
power required is shown in Table 1. 
 

Table 1: Station Power Consumption 
Item Energy Usage (kWh) Average Power (kW) 

Electrolysis, drying, purification 8674  361.4  
Compression for Storage 232  9.7  

 Compression for Dispensing 375  15.6  
 Dispenser, valves, computer 

controls 
24  1.0  

 
Station Store Operation 36  1.5  
Station Lights 28  2.0  
Total  9369  391.2          
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3. Safety Analysis 
 
3.1 Overview 
 
In this section we will list the modes of failure of the station in order of decreasing 
probability, discuss the preventative measures for each scenario, and outline the means to 
deal with each scenario if it occurs.  Then we will discuss general safety procedures and 
equipment that can minimize the vulnerability of the station to disaster.  Due to the space 
limitations, care has been taken to provide safety procedures that would not be covered in 
the typical fire and high-pressure gas safety codes.   The station will also comply with all 
Canadian Health and Safety regulations [10]. 
 
3.2 Modes of Failure  
 
3.2.1 Human Error 
 
The refueling process is hand operated, much like the process of filling a tank of gasoline 
at the gas station.  Therefore without the appropriate safety measures, the refueling 
equipment is prone to catastrophic failures due to human error.   For example, the 
customer may inadvertently drive the car away without having first detached the nozzle 
from the tank, leading to uncontrollable venting of hydrogen into the air, or fo rget to 
attach the grounding cable to the car before dispensing hydrogen, making metal contacts 
prone to electrical sparks.  Mitigation procedures focus on implementing the refuelling 
dispenser in a manner that prevents the flow of hydrogen unless all safety requirements 
are met.  Sensors are placed at the front of the handheld dispensing unit to ensure that the 
nozzle is firmly attached to the car and that the ground is attached.  A pressure switch on 
the nozzle holder on the pump detects when the nozzle has been returned to the pump and 
thus also returned from the car.  As static build-up has also evidently been the cause of 
explosions and sparks in previous accidents [11], there is circuitry to ensure that the hose 
connection to ground is unimpeded before beginning the flow of hydrogen.   
 
An embedded computer system oversees and controls the dispensing of hydrogen.  For 
dispensing to commence, it must have confirmation that the nozzle has been firmly 
attached to the vehicle and that an unimpeded ground exists to disperse any build-up of 
static charge.  Then, a signal above the dispenser pump indicates to the customer that he 
or she may begin refueling.  Similar to the way one refuels gasoline, the customer must 
squeeze on the nozzle handle to activate the dispenser.  In this manner, hydrogen cannot 
continue to flow out of the nozzle if the customer forgets to remove the nozzle before 
driving away.  In order to prevent leakage or explosions due to an over-pressurized 
vehicle tank, the dispenser has built in overpressure protection which makes it cease to 
dispense hydrogen into the vehicle when the tank pressure reaches 5000 psi, until either 
the tank cools down and the pressure declines to a safe level, or the nozzle is 
disconnected, in which case the dispensing process terminates.  Despite the said 
preventative measures against hydrogen leakage, the station must still not put itself in a 
vulnerable position should a leak occur because the leaked hydrogen can ignite a 
catastrophic fire.   Therefore, all sources of ignition, for example lit cigarettes and cell 
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phones, will be prohibited in the station.  Signs to inform the customer of this will be 
posted around the hydrogen dispensers.  If a fire occurs, a sprinkler system in the canopy 
linked to flame and smoke detectors is automatically triggered to put it out (see 3.2.5  
Fire). 
 
To deal with the case of a customer circumventing these safety procedures and driving 
off without first detaching the nozzle from the vehicle tank, the station is equipped with 
several other failsafe mechanisms.  Firstly, if the car breaks free from the nozzle and 
leaves it intact, then the previously described safety mechanisms, such as the hand 
squeezed handle, will prevent hydrogen from venting out of the nozzle.  More severely, if 
the nozzle becomes stuck to the vehicle and is pulled forcefully by it, then special 
engineered breakpoints will ensure that the hose and ground will yield before the 
dispenser is damaged [12].  In this case, the venting of hydrogen to air is prevented by a 
breakaway disconnection mechanism, which automatically stops the flow of hydrogen 
through the dispenser, and shuts the valves before it.  In the mean time, an alarm will 
sound outside and inside the station.   
 
3.2.2 Loss of Control of Vehicle 
 
Another significant danger lies in the possibility of a vehicle that goes out of control and 
collides with buildings, equipments, people, or other vehicles.  This scenario is unlikely, 
but cannot be ruled out, since cars that require refueling do pass near the station store, 
equipments, and people in the vicinity.  There are two major approaches to prevent this 
danger: control of the movement of the vehicles, and design of the station to minimize the 
damage due to impact.  In addition, elaborate procedures after a collision prevents 
disasterous consequences from escalating.  
 
In order to control the movement of the vehicles, speed bumps preceding the dispensing 
area are in place to decrease the speed of vehicles entering the station, and a one-way 
single lane restricts the direction in which vehicles can go, thus simplifying traffic flow.   
 
To minimize damage due to impact by a car, the dispensers are situated on a cement 
island that raises them from the ground, and are surrounded by short steel.  Meanwhile, 
the crucial components for hydrogen production and storage are protected by a concrete 
barrier surrounding the storage bay. 
 
In the case of a collision, a panic button is prominently situated near the pumps to shut all 
valves in the hydrogen lines.  Any hydrogen fire as a result of the collision is 
immediately detected by infrared sensors, which also signal the central computer to shut 
the valves and activate the fire extinguishers (see 3.2.5  Fire).  In this way, the hazards as 
a result of a collision are minimized. 
 



12 

3.2.3 Hydrogen Leakage 
 
Leakage of hydrogen in the joints between pipelines and tanks is the next most 
probabilistic mode of failure.  Such small leakages do not lead to immediate 
catastrophies, but the venting of high pressure hydrogen through the pores can cause 
embrittlement in the material used for the joint over time, accelerating its deterioration 
and the likelihood of a dangerous rupture [16].   
 
To detect for leakages, flow sensors [13] are placed at strategic points in the pipeline, 
such as near the tanks ports.  In this manner, the amount of hydrogen that has flowed past 
any section of the system is known at all times and discrepancies highlight leaks in 
certain areas.  Hydrogen sensors are also placed in each of the electrolysers near the roof 
to detect leaks of hydrogen [15].  Regular inspection for leaks by station personnel to 
detect leaks with hand held equipment will supplement the computer detection system. 
 
Corrosions of the inner linings of tanks and pipelines is the most predictable factor that 
leads to the components' deterioration in time.  Thus in addition to sensors that will detect 
leaks, regular maintainance to assess components' servicability is also very important.  
Testing of joints would be undertaken periodically by ultrasound or other methods to 
check for cracking.  Special attention should be given to areas of particular stress such as 
near compressor inlets. 
 
In the event that a leak is detected, the computer will shut the corresponding valves to 
isolate the leaking component, and provide a warning signal to the station personnel.   
 
3.2.4  Failure of Valve 
 
A valve can be disabled if its line solenoid malfunctions or, more directly, if it is broken 
and can no longer establish a pressure differential along the hydrogen line.  This can be 
mitigated to a degree by regular inspection and replacement of parts.  As well the valves 
should be positioned in such a way that ice cannot foul the mechanism.  If a leak occurs 
in the valve, the computer has a control sequence that begins clo sing valves around the 
flow sensor that has detected anomalous hydrogen flow.  This procedure is essentially a 
chain reaction as valves continue to close in the system until the flow of hydrogen is 
stopped.  In the event of a sudden increase or decrease in pressure, for example due to an 
equipment malfunction such as the compressor, the computer follows essentially the 
same procedure for a leak, closing valves until the pressure stops decreasing or increasing 
and opening vents in areas of the system with too much pressure. 
 
3.2.5 Fire  
 
The station complies with all applicable fire codes.  As explained, the station is equipped 
with infrared sensors in the dispensing area to detect hydrogen fire, and a sprinkler 
system to put out it out.  When fire is detected, in addition to activating the fire 
extinguisher, the central computer shuts all valves to discontinue the flow of hydrogen, 
which may serve as fuel for combustion.  A general alarm is sounded, and a remote 
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paging system automatically alerts the authorities.  The station is designed to facilitate 
access for fire trucks and other emergency vehicles.   
 
3.2.6   Failure of Electrolysers and Compressors  
 
The electrolysers are provided by Stuart Energy and contain a number of safety systems.  
Ventilation is provided to remove hydrogen in case of a leak.  A hydrogen sensor [15] 
will also be positioned under the roof of the electrolyser and will detect less than 4% of 
the hydrogen in the air.  This will alert the computer that will disable the electrolyser for 
inspection.   
 
If a compressor breaks down in such a way that the valves in the compression cylinder 
cannot close, then the compressor can no longer establish pressure differential between 
the hydrogen lines leading in and out of it.  This can be dangerous because sudden back 
flow of hydrogen can abruptly overpressurize tanks with low service pressure.  In this 
case, the tank pressure gauge immediately signals the central computer to shut the valve 
to the inlet of the tanks. 
 
3.2.7   Rupture of Pipes or Storage Tanks 
 
Since the pipelines and tanks are equipped to handle overpressure, it is highly unlikely 
that they will rupture due to fluctuations in hydrogen pressure.  Moreover, pipe thickness 
and welding procedures observe high-pressure gas codes in Canada [10], while all tanks 
meet stringent safety regulations of type 3 cylinders for stationary storage applications, 
making them extremely reliable and failsafe, given that they are used according to 
specifications and not perturbed.  However, there is significant danger in these 
components deteriorating due to impact, corrosion, or other damages, that may go 
unnoticed without the appropriate sensory system.  Therefore, regular maintanence is 
important to detect for weak points and possible leaks (see 3.2.3 Hydrogen Leakage).   
 
In the case of a rupture, the pipes and storage tanks are sufficiently anchored to their 
foundations, preventing them from becoming projectiles.  Concrete pillars surround the 
main storage tank to impede its path.  As well, the concrete barrier around the compound 
will serve to deflect any projected equipment.  If a rupture does occur, the flow sensors 
detect a sudden increase in flow and the computer will shut valves to isolate that area of 
the system. 
 
3.2.8  Explosion of Equipment 
 
To prevent explosion of equipment regular inspection will be required.  Careful 
monitoring of the operation at all times by the computer system will help prevent 
dangerous situations from occurring.  If an explosion does occur the computer will shut 
down the ent ire system.   The blast and any shrapnel will be deflected by the concrete 
barrier and ensure the safety of the customers.  The entire station will shut down as the 
alarm sounds and emergency personnel are contacted automatically. 
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3.2.9  Terrorism or Deliberate Damage 
 
To counteract the possibility of deliberate damage being done to the system several safety 
procedures are in place.  Locks are placed on the access doors of electrolysers, and wind 
turbine.  The mesh shield around the main storage tank will be locked and access ladder 
do the wind turbine will have its lower portion removed to prevent climbing by 
unauthorized people.  A gate for service vehicles is provided through the concrete barrier, 
and this will be kept locked at all times.  As well, the computer system is mostly 
autonomous and inaccessible.  It will be placed in the back of the convenience store and 
although it has a terminal to access the system the basic procedures dealing with 
emergencies are hardwired. 
 
3.3 General Safety Procedures and Equipment 
 
3.3.1 Central Computer 
 
The mission-critical real-time computing system will accept inputs from the various 
sensors in the fuelling station and immediately respond to any emergency situation.  It is 
thus of primary concern that the computer be fully functioning and able to respond at any 
time.  In the case of a software failure causing a detectable system lock, the embedded 
watchdog timer will restart the system within a few clock cycles.  In the unlikely event of 
a catastrophic hardware failure in the computer, a backup computer containing only 
emergency procedures will immediately take control to restore a stable state to the station 
as maintenance crews arrive.  Although the computer will be connected to all backup 
sources, in the event of an extremely extended power outage or a fault in the electrical 
line, the computer will not be able to respond.  In this case, all valves have been set up to 
immediately return to their closed state and all production and dispensing will have 
already been halted.   Redundant wires will extend to all critical mechanisms.  Flow 
sensors continuously feed data to the computer such that if any goes offline for some 
reason that portion of the pipe can be isolated.  The benefit of the computer system is that 
specific emergency control procedures can be implemented and updated as the station 
equipment is improved. 
 
3.3.2  Backup Power 
 
In the case of a power outage emergency power to run critical systems is required.  A 
backup generator, Generac Guardian 04390, 15kW Natural Gas or Propane Air-Cooled 
Standby Electric Generator [18], is provided with a battery that allows immediate 
switching to backup power without any delay or fluctuation of power to the computer 
control system.  Although the wind turbine provides power, this is to ensure that power 
will always be provided to all control systems.  Note in the case of a power outage all 
hydrogen production will be halted until the power returns.  The transformer will prevent 
surges and in the event that something unexpected does occur all power will be shut off 
and the computer will run on its backup generator.  High voltage is required to run much 
of this equipment and this will be clearly marked by signs.   
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4. Economic Analysis 
 
4.1 Introduction 
 
As most forecasts place the wide-spread availability commercially available fuel cell 
vehicles beyond 2010 [19], the market for fuel cell vehicles when H2Go is opened in 
2006 is likely to be made up mainly of fleet sales of these vehicles and is expected to 
remain that way for the first 4-6 years. Fleet sales of fuel cell vehicles and  commercial 
fuel cell vehicles are not expected to be economically competitive with commercial 
vehicles and fuel cell vehicles will not be seen as a substitute product in the near future. 
Rather, the demand for fuel cell vehicles in the next ten years is likely to be due to its 
novel appeal as a domestically produced, environmentally friendly alternative to fossil 
fuel powered vehicles.  
 
We believe the drivers and companies who own such vehicle s will place a similar priority 
on the type of hydrogen fuel they use.  After all, a fuel cell vehicle’s potential to be 
environmentally benign depends entirely on how the hydrogen is produced. Hydrogen 
produced through coal-generated electricity emits more CO2 than the equivalent amount 
of gasoline would [20]. Similarly, the appeal of hydrogen’s ability to be entirely 
domestically produced would not be utilized if hydrogen was made from energy sources 
that will be partially imported such as oil or those that resulted in heavy resource 
depletion such as conventional natural gas. 
 
In order to highlight hydrogen’s strengths as a domestically produced, environmentally 
friendly product, this station was designed to be a demonstration and education site as 
well as a commercial retailer of hydrogen. A lower priority was placed on minimizing the 
cost per kg as the demand was predicted to be relative inelastic and driven by the other 
factors mentioned above.   
  
4.2 Selected Cost Considerations  
 
The method of hydrogen product was chosen to be electrolysis powered by a wind 
turbine in order to have both the electricity and hydrogen produced on-site by one of the 
most environmentally benign means possible. In addition, this method is far superior to 
tapping into the grid on a $/kWh basis. The current, heavily-subsidized electricity rate in 
Toronto is $0.09-0.10/kWh [21] (including transmission and miscellaneous costs) and is 
predicted to increase in the near future as the Ontario government eases off electricity 
prices caps. Over the course of its 40-year lifespan, the wind turbine is forecasted to 
provide electricity to the station as little as $0.036/ kWh.  
 
The federal government also currently offers a number of financial incentives to produce 
electricity by renewable energy resources that will reduce the price of electricity for 
H2Go. A subsidy of one cent per kWh is available for wind energy [22].  Also, Class 43.1 
accelerated capital cost allowance allows  an accelerated rate of write-off of up to 30% 
for capital expenditures on equipment, feasibility studies, site approval, preparation, 
utility connection costs, foundation and structures, engineering, and commissioning costs 
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[23]. Further CO2 emission credits may be available if the Kyoto Accord comes into 
effect. There is also a government grant program for demonstration renewable energy 
projects that may be used to secure an interest- free loan for the capital costs of the station 
[24]. 
 
4.3 Capital Costs 
 
A detailed analysis of the projected costs associated with the wind turbine was produced 
using the renewable energy simulation software RETScreen [25] developed by Natural 
Resources Canada and is included in Appendix B. Total capital costs associated with the 
turbine was estimated at $3,080,000 ($2,280,000 USD1) and annual operating costs were 
estimated to be $54,000 ($40,000 USD). This does not include the $36,000 ($26,700 
USD) per year government subsidy.  
 
Hydrogen storage components such and the electrolyzer, compressors, and storage tanks 
were selected from established, reputable companies such as Stuart Energy, Pressure 
Products Industries, and Dynatec, respectively. Economic competitiveness was 
considered in these selections, but reliability and safety was given preference. Over 
$10,000 ($7,400 USD) was also allocated for the purchase of flow sensors, electronics, 
and a backup generator to ensure the safety of the station. Overall, hydrogen production 
components, installation and station construction and other associated costs were 
estimated to be $2,610,000 ($1,930,000 USD). This results in the total capital cost of the 
station to be $5,690,000 ($4,220,000 USD). 
 
4.4 Annual Costs 
 
The annual costs include maintenance, land lease, salaries, and marketing. Electricity 
costs are built into the capital cost and maintenance of the wind turbine. The average total 
annual costs is estimated to be $254,000 ($188,000 USD) minus the $36,000 ($26,700 
USD) wind energy subsidy giving a net annual cost of $218,000 ($162,000 USD). It is 
also fair to note that the income of a typical gas station does not rely solely on the sale of 
fuel as a source of income. In fact, 30% of a typical gas station’s revenue in Toronto is 
that of its convenience store sales [26].  
 
4.5 The Donut Strategy 
 
After a modest marketing analysis of gas station convenience store products, the product 
with the highest probability of success in the Toronto area was conclusively found to be 
donuts. Consequently, H2Go plans to sell its own brand of hydrogen-based food product, 
H2Donuts, made using hydrogenated vegetable oil. Revenues from these sales are 
expected to at least match that of a typical gas station. 
 
 
 
 
                                                 
1 All values assume a conversion rate of $1 US = $1.35 Cdn 
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4.6 Price of Hydrogen 
 
Using these figures, the required selling price of hydrogen, in order to have a 10% rate of 
return in a discounted cash flow analysis, is calculated to be $15.70 ($11.60 USD) per kg. 
A constant dollar value with no inflationary considerations is assumed.  However, this is 
a bit misleading as the turbine represents over 56% of the capital cost and is expected to 
last for 40 years. If only a quarter of the turbines capital costs is considered in the cash 
flow analysis to account for this, then the price of hydrogen drops to $10.40 ($7.70 
USD).  
 
Assuming a fuel call car would have a fuel economy (hydrogen economy?) of 60 
miles/kg of hydrogen, the cost of travel in a fuel cell vehicle would be $0.173 ($0.128 
US) per mile, a over double the $0.0783 ($0.0580 US) per mile of the average rate for 
conventional vehicles (In fact, the difference between the two figures could be even 
closer in the Toronto marketplace as gasoline prices in Canada are on average higher than 
the US [27].)  
 
However, one could argue it misleading to compare the cost of gasoline and hydrogen 
without considering the considerable subsidies and other external costs of gas. According 
to a recent report by the International Center for Technology Advancement, the true cost 
of gas is between $7.56 and $20.44 ($5.60 and $15.14 US) when one considers the tax 
subsidization of the oil industry, government program subsidies, protection costs 
involved in oil shipment and motor vehicle services, and the environmental, health and 
social costs of gasoline usage [25]. When considering these hidden costs, hydrogen is 
quite competitive economically with gasoline. 
 
4.7 Closing Remarks 
 
In conclusion, due to the fact hydrogen production is an emerging technology, its costs 
are bound to decrease substantially in the coming decades along with the costs of 
hydrogen infrastructure and transport. It is likely that a dominant mode of hydrogen 
production will emerge, possibly not the one outlined in this proposal. For this reason, the 
station was specifically designed to accept hydrogen transported by truck, should a more 
centralized mode of hydrogen become the norm. However, as the first major commercial 
hydrogen station in Canada, H2Go represents a premier design for introducing Canadians 
to the promise of a hydrogen economy.  
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5. Environmental Analysis 
 
5.1 Introduction 
 
One of the key positive attributes of hydrogen fuel cell vehicle is the “green image” 
associated with it.  To illustrate the environmental benefits of a fuel cell vehicle, this 
section will conduct a well- to-tank energy and emission analysis between conventional 
gasoline powered internal combustion engine (ICE) vehicles and hydrogen-driven fuel 
cell vehicles. 
 
The design of the hydrogen fueling station has been geared towards maximizing the 
implementation of green technology both for environmental and marketing reasons. 
Consequently, it has also been found that using green technology is also the most cost 
effective venture.  
 
Many of the design features of the stations were also implemented because of the purpose 
of the station. Because most fuel-cell vehicles (FCVs) that will be produced prior to 2008 
will be fleet vehicles [28] it made more sense to create a concentrated self-sustainable 
station instead of separate production and fueling facilities. 
 
5.2 Comparison Basis 
 
The major assumptions underlying the comparison are listed below: 
 

• Vehicle fuel efficiency 
o Gasoline-driven ICE vehicle: 11.7km/L gasoline (27.5 mpg gasoline) 
o Hydrogen-driven fuel cell vehicle: 97km/kg H2 (60 miles/kg H2) 

• Vehicle travel distance per vehicle 
o Gasoline-driven ICE vehicle: 20000km (12427 miles) 
o Hydrogen-driven fuel cell vehicle: 20000km (12427 miles) 

 
Furthermore, it is assumed that the CO2 emissions due to the manufacturing of the 
vehicles and the construction of the fuelling stations are approximately equal for both the 
fuel cell and ICE vehicles.  Since the net differences between these two figures will be 
zero, they are not included in this comparison study. 
 
5.3 Conventional Vehicle Energy Consumption and CO2 Emissions  
 
5.3.1 Well to Tank Energy Consumption and CO2 production 
 
Activities that demand energy input and contribute to CO2 emissions in the “well- to-
tank” stage of the life cycle of gasoline are: (1) upstream extraction of crude oil, (2) 
transportation of crude oil to downstream refinery, (3) downstream refining of crude oil 
to produce motor gasoline, and (4) distribution of refined motor gasoline to local fuelling 
stations.  For the purpose of this study, it is assumed that the transportation of crude oil 
and gasoline is much less energy intensive on a per unit oil equivalent basis than the 
extraction and refining processes.  Therefore, the energy inputs and CO2 emissions for 
the activities two and four, the transportations of crude oil and refined motor oil, should 
be negligible compared to the other activities, and for which will not be accounted. 
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The following sections will discuss the calculations of the energy usages and CO2 
emissions from the upstream crude oil extraction and downstream refining activities.   
 
5.3.1.1 Upstream Activities: Energy Demand  
 
Since a published industry-wide averaged figure for the Canadian oil- field operation 
energy intensity was not available, a mean was obtained from the company reported data.  
Specifically, the upstream energy intensity values from Petro-Canada, and Shell Canada, 
two of the largest integrated oil and gas companies in Canada, were used in the 
calculations.  
 

Table 2: Upstream Operation Energy Intensity Values 
 Upstream Operation 

Energy Intensity 
Data Source 

Petro-
Canada 

1.42GJ/m3o.e.* 
(0.226GJ/bbl) 

2003 Annual Report to the 
Community [29] 

Shell 
Canada 

1.63GJ/m3o.e. 
(0.259GJ/bbl) 

2003 Voluntary Challenge and 
Registry (VCR) Report [30] 

Average 1.525GJ/m3o.e. 
(0.242GJ/bbl) 

 

   * o.e. = oil equivalent 
 
Based on the assumptions stated in Section 5.1, it was calculated that the total amount of 
gasoline required annually for the size of the fleet operating at the state condition is 
170m3 of gasoline per year (1070 bbl/year).  Applying this amount to the upstream 
operation energy intensity value, it was found that the total energy consumed to extract 
the raw feedstock to refine the required amount of gasoline is 320GJ.   
 
5.3.1.2 Upstream Activities: CO2 Emission  
 
The energy demand of the upstream processes is met by the usage of the extracted oil and 
other by-products, either by direct combustion in thermal process equipment or through 
firing an electricity generator.  Since the fuel consumed can range from the heavy crude 
oil to the light end naphtha, it is assumed that only crude oil, which has the highest CO2 
emission factor, is used, thereby yielding a conservative estimate of the release of carbon 
dioxide [31].     
 
The calculation of the CO2 emission employs the emission factor equation: 
 

XX  SourceEnergy for Factor Emission  CO  Source From dEnergy Use Total Emission  CO Total 22 ×=
  
the energy source in this given study is the oil used in the upstream activities.  
 
The emission factor for crude oil was obtained from IPCC in its revised 1996 guidelines 
for the reporting of national greenhouse gas inventories, and has a value of about 
70tonnes of CO2/TJ (69long ton/TJ) [32].  The IPCC methodology also corrects for 
carbon unoxidized by applying a correction factor of 0.99 to the calculated carbon 
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dioxide emission.  The total CO2 emission from upstream operation due to the generation 
of the crude oil required for the production of the 170m3 gasoline/year is calculated as 
below:    
 

tonnesTJ TJ
tonnes 2299.070 320.0Emission  CO2 =××=  (21.7 long ton) 

 
5.3.2 Downstream Oil Refining Operation 
 
The data used for the determination of the CO2 emission from the downstream oil 
refining operation were obtained from the report “A Review of Energy Consumption in 
Canadian Oil Refineries- 1990, 1994 to 2001”, published by the Canadian Industry 
Energy End-use Data and Analysis Centre (CIEEDAC) [33]  The report surveys the 
energy consumption and CO2 emission patterns of all the Canadian refineries, and 
accounts for all the energy inputs into a refinery in different forms of fuel.  In addition, 
the consumption of the fuels was differentiated into fuel usage and non-fuel usage (such 
as steam feeding into a reformer).  The report then applies industry averaged emission 
factors (supplied by the surveyed refineries) to each fuel to calculate the total CO2 
emission.   
 
5.3.2.1 Downstream Activities: Energy Demand and CO2 Emission  
 
For 2001 (the last year with published data), the CIEEDAC reports a total energy 
consumption and CO2 emission values for all Canadian refineries of 267597 TJ and  
16913700tonnes (16646570 long ton), respectively.  However, since gasoline is only one 
of the many outputs from a refinery, its production only accounts for a fraction of the 
total refinery energy demand and CO2 emission.  The report indicates that motor gasoline 
make up approximately 40% of the total Canadian refineries output on a volumetric basis.  
Therefore, it is assumed that the generation of motor gasoline uses 40% of the energy 
input and contributes equal percentage to the total emission, yielding a value of 107817TJ 
or 2.56GJ/m3o.e., and 6814530tonnes (6706900 long ton) of CO2 or 0.16kg CO2/m3 
gasoline (0.056lb CO2/barrel). 
 
With 170m3 (1070 bbl) of gasoline required for the operation of the internal combustion 
engine fleet; the total energy consumed by the refining activities is 438GJ.  The 
concomitant CO2 emission is about 28 tonnes (27.6 long ton) annually.   
 
5.3.3 ICE Vehicle: Tank to Wheel CO2 Production 
 
The calculation of the emission of CO2 arising from the combustion of gasoline follows 
the published methodology from the “Revised 1996 IPCC Guidelines for National 
Greenhouse Gas Inventories” for the combustion of fossil fuels.  The IPCC recommends 
the usage of 18.9 tonnes of C/TJ (18.6 long ton/TJ) and 44.8 GJ/tonnes (44GJ/long ton) 
as the emission factor and lower-heating value, respectively, for gasoline.  In addition, it 
states that the fraction of carbon oxidized for gasoline is 0.99.  The CO2 emission during 
the tank to wheel stage of the fuel life cycle is then calculated as follows. 
 

   35.385                        
 01.12

 01.44
99.0

C 
0189.08.4400276335.0 45182 Emission CO

2

2
 2
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5.3 Hydrogen Fuel Cell Emissions  
 
5.3.1 Well-to-Tank Energy Consumption and CO2 Emissions  
 
The proposed hydrogen fuel station will consume 9369KWHr per year.  This accounts for 
energy demand in all stages of the hydrogen generation, dispensing, as well as the 
operation of the fuelling station convenience store.  Based on this figure, to produce the 
amount of hydrogen required to power the fleet of fuel cell vehicles at the conditions 
specified in Section 5.2, 4640GJ of energy will be required.   
 
The main source of this energy demand will be a wind turbine situated onsite.  The wind 
turbine will provide enough energy for the station. Even though the turbine will be 
connected to the power grid, because the energy demand for the station is less than the 
output of the wind turbine, net energy consumption from the grid, and therefore net CO2 
emissions from fossil fuel generating stations, will be zero. 
 
In the event that wind turbine power output decreases below the station’s demand, a net 
surplus of electricity will be drawn from the grid.  In this situation, the net CO2 emissions 
will no longer be zero.  To estimate the magnitude of this emission, the total annual 
power output and CO2 discharge figures for Ontario Power Generation (OPG), the main 
supplier of electricity power in Ontario, will need to be compared.  
 
The OPG produces a total output, according to September 2003 data of 22,733MW [34]. 
The composition of OPG’s power production is: 

 
Table 3: Methods of Electrity Production in Ontario 

Source Power Output (MW) % of Total Production 
Hydro 6,796 29.9 
Renewable 134 0.59 
Nuclear 6103 26.8 
Fossil Fuel 9700 42.7 
Total 22,733 100 
 
The fossil fuel fraction comes for six fossil fuel generating stations located across 
Ontario. The most recent data available for the carbon dioxide emissions of these 
generating stations are for the 2001 [35]. The total carbon dioxide emission from these 
stations is 24,450,000 tonnes. 
 
To find the amount of CO2 emitted per unit of energy we use the equation: 
 
Kg of CO2 per MWh = (Total CO2 emissions) / (Total power output for one year) 
 
which yields a specific emission value of 122.78kg CO2/MWh.  Therefore, whenever the 
wind turbine power output is insufficient to meet the station’s demand and the grid 
electricity needs to be tapped, approximately 0.123 tonnes of CO2 is emitted indirectly by 
the hydrogen fuel station for each MWh taken from the grid.   
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5.4 Future Changes to Power Generation Composition 
 
These numbers are at best estimates of the real numbers. The usage of 2001 pollution 
data and 2003 energy production data is not any worse than if we used datasets from the 
matching years. Over the past few years the OPG has been undergoing several changes in 
organization and power generation composition. This has made it difficult to research 
proper pollution numbers for the past few years. The emission data acquired for 2001 was 
done through the Environmental Protection Act’s Ontario Regulation 127/01 referring to 
airborne contaminant discharge monitoring and reporting [36]. 
 
Overall such changes resulted in the increased use of fossil fueled stations. The current 
long term plan for the OPG is to shut down or convert all coal- fired generating stations 
by 2007 [37]. Although the combustion of natural gas has a lower CO2 emission intensity 
than coal by about 30%, the decrease in carbon dioxide emission due to this conversion 
may be offset by the higher natural gas firing rate in the future by as much as 470% [37], 
as prompted by rising power demand in Ontario due to expected population and industrial 
activity increases [38]. 
 
A final caveat however, is that this plan currently resides under the present Liberal 
provincial government, which has been elected into power in 2003. Since the energy 
market is strictly controlled by government regulations, and the OPG itself is a former 
crown corporation with strong ties to the provincial government, predicting the state of 
energy production in the future is far from accurate. 
 
5.5 Conclusion 
 
As shown by the above life-cycle CO2 emission analysis, a fleet of vehicles will generate 
significantly higher emissions when powered by an internal combustion engine that relies 
on gasoline in comparison to being operated by a fuel cell under the same conditions.  
The well-to-wheel emission value for internal combustion engine vehicles is 410 tonnes 
CO2 per year, with over 90% of the total emission caused by the combustion of the 
gasoline. In contrast, the hydrogen powered fleet will emit only 0 tonnes of CO2 under 
regular station operation. CO2 will only be produced when production demand increases, 
or when the wind turbine wears down with age and experiences reduced efficiency. When 
this happens power from the grid will be tapped, and based on the energy production 
composition of the OPG, the station will contribute to the production of 0.123 tonnes of 
CO2 for every MWh taken from the grid. Therefore, from an environmental point of 
view, the proposed fuelling station will contribute to the environmental quality in 
Southern Ontario.   
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6  Marketing/ Education 
 
Marketing hydrogen fuel is a long-term effort and will require both long and short term 
planning.  H2Go will be the very first commercial hydrogen station in Canada and will 
provide long term benefits. Experts predict that hydrogen fuel cell vehicles will be on the 
market for consumers by 2010 [19]. Our marketing strategy will be divided into 3 phases 
to properly address the changing consumer demographic. Each phase focuses on the 
appropriate actions for gaining and keeping a customer base initially with fleet vehicles 
and eventually marketing our fuel to the everyday driver. 
 
6.1   Phase I:  Targeting Fleets and Educating the Public 
 
Before the station opens, efforts will require convincing large fleet services to start using 
hydrogen vehicles.  The hydrogen station will be marketed as ideal for fueling large fleets 
with regular routes around the area.  Efforts will be put into working with companies that 
produce hydrogen vehicles to find a committed customer base.  Ideal targets will be 
public transport and courier and postage services as well as local daily newspaper routes.  
Taxi companies could also be interested as well.  Companies using hydrogen will be 
granted a business line of credit for fuel for ease of purchase. The use of hydrogen buses 
for schools and universities in the residing areas would also be ideal. This will also 
provide an excellent way to educate youth about the benefits of technology and allow 
them to see a real demonstration of the new technology.  Integrating hydrogen technology 
into the day-to-day life will increase the general public’s acceptance of hydrogen. 

 
H2Go will also organize hydrogen-focused student groups in universities. These groups 
will allow interested students to further their knowledge and educate the public through 
presentations and lecture series.  Students from these groups may be employed part time 
to guide tours of our station for the general public. 
 
Educational media channels will also be approached with the idea of doing a segment on 
hydrogen fuel.  H2Go would allow shows such as the Discovery Channel or kid’s shows 
such as Popular Mechanics to host a segment on hydrogen fuel using our station as a 
demonstration. 
 
Upon station opening the local media will be contacted. News stations and newspapers 
would be contacted for general public notification and awareness. A website will be setup 
for the H2Go trademark and will display the benefits of hydrogen technology. In addition 
the website will provide information about purchasing a hydrogen vehicle or retrofitting a 
vehicle for hydrogen use as well as safety information. 
 
6.2   Phase II: Expand Our Customer Base 
 
When fuel cell vehicles begin to become readily available to the public in approximately 
four years, the marketing sales group will focus on finding ways to make it easier for the 
general customer to enter the market. Emphasis on advertising in this stage will be on the 
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cleanliness and environmental impacts of hydrogen fueling.  Billboard and radio ads 
would be ideal to reach the general public’s attention. 
 
Universities will also be convinced to implement new courses in schools with an 
emphasis on renewable energy. Internships will also be organized for student interested 
in new hydrogen technology, cooperation between H2Go and other hydrogen research 
companies would be established.   
 
Government will also be lobbied for the introduction of a tax credit to new hydrogen 
drivers and for special parking privileges for new drivers.  As hydrogen vehicles require a 
substantial investment initially, a monetary reward for drivers will ease the transition of 
carbon to hydrogen based vehicles.  
 
Fifty dollars in free hydrogen fuel will be rewarded in the form of a gift certificate to new 
hydrogen drivers.  These gift certificates will be distributed through the relevant vehicle 
companies.  It will be important to notify hydrogen vehicle companies of our location and 
allow them to advertise our station to their customers.  
 
6.3   Phase III:  Sustained Presence 
 
After a consumer and fleet sales base has been secured and public awareness of the H2Go 
brand and presence has been raised, the focus will be on retaining our customer base 
through brand differentiation and promotions. Our advertising strategy will focus more 
on marketing the purity and grade of H2Go’s hydrogen. Ideally, H2Go would like to be 
the first company introducing hydrogen fuel thereby being the most experienced in the 
business in the long term. Our focus will be on gaining a good reputation as to compete 
with any new emerging hydrogen companies for long term benefits.   
 
An H2Go mascot will also be created to leave a lasting impression on our customers. 
H2Go will provide various types of merchandise such as stickers and key chains at the 
station for purchase. 
 
A point system will also be implemented similar to the systems used at regular gas 
stations.  The “Karma-point” system will allocate a number of points per amount of 
hydrogen purchased. Points can be redeemed for rewards.   
 
6.4   Associated Costs 
 
As opening as new fully renewable hydrogen station requires a substantial monetary 
investment, emphasis will be placed on educating and marketing with minimal associated 
costs. Budget allocation will be minimal in the first 6 years as hydrogen vehicles are 
estimated to not be fully on the market at the time.  Budget allocation for advertising will 
increase as vehicles become more plausible to purchase for the customer. Costs are 
summarized in Appendix C. 
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Appendix A: Station Major Components Specifications  
 
Wind Turbine 
Model Nodex Sudwind S77 
Rotor Diameter 77 m 
Maximum Power 1500 kW 
Cut in Wind Speed 3 m/s 
Nominal Power at  
7.4 m/s* wind speed 

410 kW 

* average on Toronto lake shore 
 
Electrolyzers  
Model Stuart Energy IMET 1000 
Type biopolar alkaline 
Maximum output pressure 360 psi 
Maximum output rate 3.5 kg/hr H2 
Hydrogen Purity 99.997% 
Power Consumption 57.83 kWh/kg hydrogen (including auxillary) 

400-575 three phase VAC 
Auxillary voltage rectifier, hydrogen drying and 

purification system 
 
Compressors  
Model Pressure Products Industries, Inc  

7V series diaphragm compressor 
Maximum Output 
Pressure 

7500 psi 

Maximum Flow Rate 13.6 kg/hr 
Power Consumption: [10] 1.4 - 1.7 kWh / kg H2 for primary compressor 

2.3 - 2.7 kWh / kg H2 for booster compressor 
 
Storage Vessels  
Model W205H50G8N, W300H250G8N, 

W230H520G8N 
Type Carbon fiber reinforced polymer cylinders 

with aluminum lining 
Safety Device loaded pressure relief device for overpressure 

venting 
 
 Electrolyzer buffer Main Vessel Dispenser buffer 
Service pressure (psi) 725 3626 7542 
Max fill pressure (psi) 906 4533 9428 
Cylinder volume (L) 188 350 350 
No of cylinders 1 18 4 
Total volume (L) 188 6246 900 
H2 capacity (kg) 0.74 110.9 28.6 
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Appendix B: Detailed Cost Analysis of H2Go Fueling Station 
 
Capital Costs     
Item Price Range 

per Unit 
Average Price 
per Unit 

Unit 
Quantity 

Total Estimated 
Cost 

Wind Turbine      
Feasibility Study     
  Site investigation [1] $200-800/ 

person-day 
$500/person-
day (pd) 

8 $4,000 

  Environmental Assessment[1] $10,000-
25,000 

$17,500 1 $17,500 

  Preliminary Design,                            
detailed cost estimate, and   
report preparation[1] 

In this case: 
free! 

   

  Project management [1] $200-800 pd $500 pd 6 $3,000 
  Travel and accommodation[1]  $3,000/trip 4 $12,000 
Development     
  Permits and approvals[1] $300-

1500/permit 
$900/permit 15 $13,500 

  Project Financing [1] $500-1500 pd $1000 5 $5,000 
  Legal and Accounting [1] $300-1500 pd $900 20 $18,000 
  Project management[1] $13,000-

18,000/person 
year 

$15,000 py 1.25 $18,750 

Travel and accommodation[1]  $3,000/trip 10 $30,000 
Engineering     
Wind turbine micro-sitting[1] $200-500 pd $350 pd 150 $52,500 
   Mechanical design [1] $200-800 pd $500 pd 75 $37,500 
   Electrical Design[1] $300-800 pd $500 pd 150 $75,000 
   Civil Design[1] $200-800 pd $450 pd 150 $67,500 
   Tenders and Contracting[1] $200-800 pd $450 pd 150 $67,500 
   Construction Supervision[1]  $130,000 py 0.75 $97,500 
Components     
   Turbine[1]  $1,950,000 1 $1,950,000 
   Spare Parts[1] 2% of turbine 

cost 
  $39,000 

   Foundation[1]  $30,000 1 $30,000 
Miscellaneous     
   Turbine erection[1] 5% of turbine 

costs 
  $97,500 

   Commissioning [1] $200-800 pd $500 pd 60 $30,000 
   Contingencies[1] 5-40% of total 

project cost 
22.5% of total 
project costs 

1 $515,130 

Turbine-related Subtotal    $3,081,715 
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Stuart IMET electrolyzer [2]  $2,000/kW 370 kW $740,000 
Dynatek storage tanks   $202,500 1 $202,500 
Dynatek Cylinder manifold  $40,716 1 $40,716 
Dynatek Filling Panel  $20,250 1 $20,250 
Pressure Products Industries, 
Inc 7V series diaphragm 
compressor[4] 

 $256,500 2 $513,000 

Compressor Computer 
Controlls and Installation 

$30,000-
60,000 

$45,000 1 $45,000 

Sherex Dispenser[2]  $20,000/unit 2 $40,000 
Interconnecting Materials[4]  $1,040/kg 

H2/day 
160 kg 
H2/day 

$166,400 

Project Services[3]  $830.35/kg 
H2/day 

160 kg 
H2/day 

$132,840 

Installation[2]  $200,000  $200,000 
Station Construction     $500,000 
Backup generator[14]  $2,995 1 $2,995 
Sensors and Electronics[17]  $3,595 1 $3,595 
Flow sensors[17] $3,000-4,000 $3,500 1 $3,500 

Hydrogen Production and 
Station Cost Subtotal 

   $2,610,796 

Total Capital Costs    $5,692,511 
     
Annual Costs     
Turbine Maintenance[1] 1.5 cents/kWh  3.6 

million 
kWh/yr 

$54,000 

Other Component 
Maintenance [3] 

3% of initial 
cost 

 1 $78,323 

Land Leasing[5]  $3,000/yr 1 $3,000 
Training[1] $200-800 pd $500 pd 5 $2,500 
Salary  $10/hr 5840 hrs $58,400 
Marketing (see Appendix B)  $ 29,800/yr 1 $29,800 
General and Administrative[1] 1-20% annual 

costs 
10% annual 
costs 

1 $28,099 

Electricity Due to net metering, electricity is expected to be negligible  
Total Annual Costs    $254,122 
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Appendix C: Marketing Costs 
 
Phase I: Finding a Consumer Base 
Item Duration Cost ($Cdn) 
Salary of Associate 4 years $ 30, 000 /year  
Subtotal 4 years  $ 120,000 

• During Phase I hydrogen vehicles are estimated to be still in the process of being 
available to consumers.  Costs will be used mainly for associate’s salary to 
network with relevant companies and organizations to gain a committed fleet and 
to educate the public on the advantages of renewable fuel. 

 
 
Phase II: Long-term Planning 
Salary of Associate 4 years $ 30,000 /year  
New Driver $50 Gift Certificate 
Program 

4-year 
variable quantities 

$ 16,000 total 

Advertising blitz first two yrs of major 
commercial vehicle sales 

$ 90,000 

Subtotal 4 years  $136,000 
• Phase II assumes that hydrogen vehicles are slowly being introduced to 

consumers and that a small customer base of fleet services has been attained.  
Costs will focus on awarding  gift certificates for new drivers and an advertising 
campaign nearing the end of the 4 year period. 

 
 
Phase III: Sustained Presence 
Salary of Part-time Associate 2 years $ 15,000 /year  
New Driver $50 Gift Certificate 
Program 

2-year 
variable quantities 

$ 7,000 total 

Promotional Money 2 years $ 2500 /year 
Subtotal 2 years  $ 42,000 
Total for 10 years  10 years  $ 298,000 
 

• Phase III assumes an increasing consumer base of hydrogen drivers.  Budget will 
be mainly allocated towards promoting the station and its fuel to make a long 
term impression on the public through an advertising campaign. A small 
percentage of our phase III budget will be allocated to the production of 
promotional material such key chains,  bumper stickers and credit point system. 
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