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1. Executive summary 
The S2H2 solar to hydrogen solution produces solar hydrogen (hydrogen produced from photovoltaic 
energy and PEM electrolysis) at a central base station . The S2H2 base station produces 
approximately 1200 kg hydrogen per day using PEM electrolysis technology. Hydrogen is stored on 
site at 30 barg storage pressure. From there the hydrogen is charged into the 212 kg tube storage 
units @ 189 barg. Tube storage units are loaded onto a self-loading container truck and off-loaded at 
the S2H2 drop-in fuelling station. Hydrogen is loaded into special tube storage units and transported 
via an effective delivery system to remote S2H2 drop-in fuelling stations located within 250 km of the 
base station. A self-loading 20’ container truck loads each 20’ tube storage unit at the base station, 
transports the unit to the drop-in fuelling station, where it is off-loaded onto the drop-in fuelling 
station. The entire off-loading process takes a maximum of 20 minutes limiting the waiting period for 
customers and requires zero energy. The S2H2 solution is illustrated in Figure 1.  

 

Figure 1: S2H2 hydrogen production, distribution, and fuelling station. 

Hydrogen from the tube storage unit is compressed to 340 kg of available high pressure storage 
units (930 barg). The control philosophy governing the main and high pressure storage units as well 
as the compressor and hydrogen chiller are described in detail in a later section. The S2H2 drop-in 
fuelling station delivers hydrogen to one hydrogen fuel cell vehicle (HFCV) at 5kg in less than 5 
minutes at a nozzle temperature of -40 oC as specified by the SAE TIR J2601 for a “type A fuelling 
station”. Each S2H2 fuelling station is completely autonomous, powered by PEM fuel cell, and is 
commissioned and ready for operation within hours from the time it is off-loaded. The same self-
loading truck used for distributing the tube storage units is used to deliver each fuelling station to 
the selected sites. All components of the S2H2 drop-in fuelling station fits into a 20’ ISO container 
with the exception of 212 kg @ 189 barg primary storage which is located on the roof of the 20’ 
container. 
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2. Design data and equipment drawings 
Base station and transportation 

Base station specification: 

• 1200 kg hydrogen produced from 5 x 1 MW PEM electrolysers from Hydrogenics [4] 
• 10.5 MWp PV solar power SolarWold SW250 
• 11 x 1 MW inverters from  
• 6 x 75m3 vertical (3 m x 12 m) Storage Tanks from BNH Gas Tanks 
• PDC-4-1000-3500 diaphragm compressor from PDC machines 
• Control room and S2H2 offices 

All daily hydrogen is produced from PV energy. The yearly solar irradiation at the base station site 
near Los Angeles is given in Figure 2. 

 

Figure 2: Average daily radiation per month for Los Angeles area. 

The current document only considers the design of the S2H2 drop-in fueling station. The financial 
analysis however provides detail costs of both the base and drop-in fueling station, seeing that the 
cost of the S2H2 drop-in fueling station is determined by the base station cost. The base station 
provides hydrogen to 10 drop-in fueling stations. Selection of the 10 S2H2 drop-in fueling station 
sites is discussed in detail in a later section. By producing hydrogen at a central base station the 
entire S2H2 design (base station as well as drop-in fueling stations) is completely autonomous. 
Hydrogen production is from solar energy only. Production is therefore dependent on the local 
weather alone and this is considered in the design [3]. The drop-in fueling station is commissioned 
within 5 days which includes site preparation, delivery of S2H2 drop-in fueling station container, 
delivery of the tube storage unit, and loading of the high pressure storage. After delivery of a second 
tube storage unit the S2H2 drop-in fueling station is ready for use, and is interrupted at most once 
daily by the delivery truck for 20 minutes. 
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Interface between base and drop‐in fueling stations 

A single self-loading container truck delivers each of the drop-in fueling station’s hydrogen on a 
rotating basis, daily. Ten stations, with an average travel time of 1.3 hours with an additional loading 
time of 20 minutes gives a worst case total daily travel time of 16.3 hours, resulting in two shifts 
daily. The self-loading container truck, when arriving at a drop-in fueling station, first removes the 
“empty’ tube storage unit from the drop-in fueling station container and places it on the ground 
between the container and the truck. The “full” tube storage unit is then placed on top of the 
container and secured. The empty container is then placed on the truck and taken back to base 
station for filling. The reach of the cranes on the truck is sufficient to perform this procedure 
effortlessly in 20 minutes. Tube storage units will only be collected if the pressure drops below 100 
barg. The unit can however still operate and deliver hydrogen at specifications to 70 barg, with an 
added limp-mode where the unit can operate to 40 barg but at reduced specs for a limited number 
of fills. Communication between the base and each drop-in fueling station notifies operators to 
dispatch a tube storage unit. Delivery of the tube storage units is scheduled according to distance 
form base station, history of fueling cycles, and tube storage unit pressure. 

Drop‐in fueling station 

Each S2H2 drop-in fuelling station comprises of 1 20’ (6m) ISO container and an additional 20’ (6m ) 
212 kg @ 189 barg main storage unit stored on top of the container. All components are housed 
inside the container. A high pressure storage unit is located at the top of the container below the 
main storage unit and is completely open to atmosphere and isolated from the rest of the container 
below it. A fuel cell unit receives hydrogen from the main storage unit through a pressure reducing 
valve set at 1.5 barg. The fuel cell unit supplies power for the entire container. A battery bank 
supplies power for the lighting, control and communication and is charged by the fuel-cell power 
unit when it is running. A PLC unit is responsible for the control and monitoring of the entire unit, 
and also comprises of a GSM communication module that communicates the unit status and 
parameter values to the base station. A hydraulic compressor unit transfers hydrogen from the main 
storage unit to the high pressure storage unit and maintains the pressure of the high pressure 
storage unit. The compressor unit also comprises of an air-cooler that ensures the hydrogen to the 
high pressure storage unit is maintained at close to ambient temperature. From the high pressure 
storage unit the pressure is reduced to 710 barg before going through the chiller which maintains 
the nozzle temperature at -40 oC. The S2H2 drop-in fueling station is mobile and has fast 
commissioning times. This is ensured through designing a compact, completely autonomous unit. 

The S2H2 drop-in fueling station has the following system specifications: 

• Maximum gas temperature: 85oC 
• Maximum possible pressure: 71 MPa 
• Type A Station requirements: 3 minutes fueling time with -40oC nozzle temperature 
• SOC range: 90 – 100% 
• Both Communication and Non-Communication interface strategies available with dispenser 

protocol from SAE TIR J2601 

© Copyright 2014 by HySA Infrastructure CoC 



  
 
 
 
 

• Ramp rates according to SAE TIR J2601 
• IrDA data communications from SAE TIR J299 
• Drop-in fuelling station components and specifications provided in Table ?. Only major and 

important components are listed. 
• Supply 100 kg of hydrogen from the main storage unit from full (189 barg) to empty (97 

barg) under normal conditions. 25 FCEV from empty to full (assume 5 kg loading) 
• Supply 160 kg of hydrogen from the main storage unit from full (189 barg) to empty (40 

barg) under emergency conditions. 32 FCEV from empty to full (assume 5 kg loading) 
• 11 vehicle uninterrupted fueling possible, requiring 5 hour charge to full (930 barg) Fueling 

capability mainly dependent on customer schedules. 

Drop-in fuelling station major component specifications is provided in Table 1. 

Table 1: Specifications for major and important components. 
Description Dimensions (mm) Weight (kg) Design Temp Design Pressure Power rating 

Reinforced double 
door 20’ ISO container. 
Modified internal  

L 6058 
W 2438 
H 2591 

Empty - 2230 
Load – 40000* 

NA NA NA 

Haskel 120HGT10-
85/50 Hydraulic Driven 
Gas Booster System 

L 1760 
W 924 
H 1430 

650* 80oC 930 barg 30 kW 

Cryodax-60 Water 
Cooled Chiller, using 
Syltherm HF heat 
transfer fluid in 
external heat 
exchanger for 
hydrogen cooling 

L 1580 
W 1250 
H 1880 

998 -70 to 80oC 7.58 barg 15 kW @ -50 
oC 

Syltherm HF/Hydrogen 
Shell and Tube Heat 
Exchanger 

L 1518 
W 726 
H 1320 

400* -70 to 80oC* 710 barg NA 

Hydrogenics 33 kW 
Fuel Cell Power Supply 
[4] 

L  
W  
H  

   33 kW 

HBL Tubular gel valve 
regulated lead acid 
2TGI320 48V Battery 
bank 

L 770 
W 440 
H 1380 

576 -20 to 55oC NA 15360 kWh 

Main storage (X 6) 
212 kg @ 189 barg 

L 6000 
D -  

 -40 to 85oC 189 barg NA 

High Pressure storage 
(X 33) 332 kg @ 930 
barg 

L 2900 
D – 370* 

1082 -40 to 85oC 930 barg NA 

WEH Gas Technology 
TK17 H2 70MPa fueling 
nozzle + mounting 

D 65 mm NA -40 to 85oC 700 barg NA 

WEH Gas Technology 
H2 charging hose 

L = 4 m NA -40 to 65oC 700 barg NA 

*Specification estimated as data were not available by print date. 
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Benefits and novelty of the S2H2 drop-in fueling station in combination with the S2H2 base station: 

• The S2H2 drop-in fueling station main storage tube container is transported pre-loaded from 
the base station and delivered to site and placed on top of the drop-in fueling station 
container. Off-loading time is reduced considerably: 20 min vs. hours of normal off-loading 
using compressors. No off-loading compressor is required. This main storage unit reduces 
the system cost as the transport and on-site storage units is one unit, further saving costs. 
Unique and low-cost integration of transport and drop-in fuelling station storage. 

• Limited compressed high pressure storage (930 barg) is included. Approx. 340 kg of high 
pressure storage is used. The benefit of high pressure storage is fast fueling without 
compressing. Drawbacks of high pressure storage is considerable cost, space and weight 
addition to a fueling station. For the S2H2 drop-in fueling station the limited high pressure 
storage allows for 11 car refueling from the high pressure storage successively. In between 
fills the gas booster charges the pressure up to 930 barg again. The S2H2 drop-in fueling 
station can fuel 32 cars (from empty, 5kg) per day, but relies on the cars not all arriving at 
once, and being spread across the day, with peak times expected 3 times daily. 

• Normal fueling station compressor power requirements range from 60HP (45kW) to 100 HP 
(70kW). The S2H2 drop-in fueling station gas booster maximum power is maintained below 
30kW by controlling the Haskel hydraulic booster cycle/min, based on the main storage 
pressure and the lookup table given in Table X. The entire container is operated from a 33 
kW fuel cell. When a vehicle is fueling, the booster is set to 50% of maximum power, 
allowing the remaining 15kW to be utilized by the chiller. In such a situation the boosting 
rate is low. Normal boosting operation continues once fueling is complete. 

• The S2H2 drop-in fueling station has the capability of fueling 30 cars per day allowing the 
main storage pressure to drop to 70 barg. There is however an emergency contingency for 
delivery problems to allow the main storage pressure to drop to 40 barg, allowing for an 
additional 4 cars to be fueled. At this low pressure the system is operated in Limp mode, and 
will be limited. This scenario is under emergencies only and is not expected to be necessary. 

• A 33 kW Fuel Cell unit powers the entire S2H2 drop-in fueling container. A battery bank is 
sufficient to maintain all small loads, including the user interface, lighting, control and 
communication, and safety systems for a 48 hour period if fuel cell power is lost. During 
normal operation the battery bank supplies these loads also, and is charged periodically by 
the fuel cell after a fueling exercise. 

Compressor operation 

The limitation on power will only allow the compressor to operate at 100% flow rate (10.5 kg/h) if 
the chiller is not operating. In such a case the compressor will operate at 50% flow rate (5.26 kg/h). 
Haskel 120HGT10-85/50 The compressor charges the high pressure storage units to 930 barg and 
will maintain this pressure if possible. Filling of vehicles is possible until the high pressure storage 
unit reaches 710 barg at which time no filling will be possible. This scenario is however not expected, 
as the compressor maintains the pressure between vehicle fills. The compressor flow rate and 
cycles/min is indicated in Figure 3 for various tube storage pressure for 100% and 50% flow rates. 
The controller uses this table to determine a set-point for compressor operation 
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Figure 4 show simulations of the extracted hydrogen from the high pressure storage units for a 
realistic filling sequence. 54 kg of hydrogen can be extracted from the high pressure storage units 
from full (930 barg) to empty (710 barg). The extracted hydrogen never drops below the 20 kg 
marker while filling 32 cars with 5 kg hydrogen. This is the station maximum with available 
capacities. This number can be increased with an increase of tube storage unit capacity. 

 

Figure 4: High pressure storage available hydrogen for fueling for a random realistic vehicle filling. 

Figure 5 Figure 4show simulations of the extracted hydrogen from the high pressure storage units 
for a realistic filling sequence. The extracted hydrogen almost reaches 0 available hydrogen while 
filling 31 cars with 5 kg hydrogen. A maximum of 11 cars can be filled consecutively before the high 
pressure storage reaches “empty”. This scenario is however not expected as the station performs 
better for the realistic vehicle fillings which is to be expected. 

Cyc/min bar kg/hr Cyc/min bar kg/hr
7 40 1.542213 14 40 3.084426
7 50 1.894913 14 50 3.789826
7 60 2.243498 15 60 4.809265
7 70 2.575171 15 70 5.532304
8 80 3.332108 16 80 6.664216
8 90 3.690359 16 90 7.392898
8 100 4.056317 17 100 8.633296
9 110 4.947378 17 110 9.353071
9 118 5.260126 18 118 10.52025

50% POWER 100% POWER

Figure 3: Compressor flow rates, pressure, and cycle/min 
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Figure 5: High pressure storage available hydrogen for fueling for peak time vehicle filling. 

 

Design drawings 

The design drawings follow next. 

• Figure 6: S2H2 drop-in fueling station P&ID 
• Figure 7: Single line diagram of electrical layout. 
• Figure 8: Different compartments of the drop-in fueling station container. 
• Figure 9: Ventilation air-flow through the compartments of the container. 
• Figure 10: Detail layout of each compartment. 
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Figure 6: S2H2 drop-in fueling station P&ID. 
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Figure 7: Single line diagram of electrical layout.  
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Figure 8: Different compartments of the drop-in fueling station container. 
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Figure 9: Ventilation air-flow through the compartments of the container. 
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Figure 10: Detail layout of each compartment.
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Figure 11: Ventilation holes for the high pressure storage units. 
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Figure 12: Illustration of some of the specified components. 
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3. Cost and economics 
The financial analysis of this project is one of the important aspects to verify that the chosen 
technology is feasible. The approach followed includes all of the cost known about this technology 
and environment (foreign country).   

The financial analysis is divided into the base and drop-in fueling station. The reason being that the 
Solar PV farm and PEM electrolyser (at the base station) have plant life time expectancies of 20 – 30 
years. The drop-in fuel station will then be supplied with hydrogen form the base station. 

Advantages of this approach:  

• Clean renewable hydrogen is produced in bulk – no carbon tax 
• The plant is totally off-grid and not dependent on inflation of grid power 
• Supply hydrogen to drop-in fueling station at lower cost than delivered hydrogen 
• The cost of labor for all ten drop-in fueling stations are covered by the base station 

Table 2 and Table 3 show the capital and operation and maintenance analysis of both the base 
station and the drop-in fueling station. The return on investment is shown in Figure 13 to Figure 15 
over a period of 5-10 years. 

Currently there is no retail price for hydrogen as a transportation fuel. An estimated retail price of 
$8.00-$11.00/kg of hydrogen is proposed (A California Road Map: The Commercialization of 
Hydrogen Fuel Cell Vehicles) which includes sales tax of $0.72 t0 $0.90/kg. 
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Table 2: Base station financial analysis. 

 

 
 

Technical Operating Parameters and Specifications

Hydrogen Production Facility Design Capacity (kg of H2/day)                          1,000 

Reliability (include maintanance)                            0.98 
Plant Output (kg/year) 357,700

Financial Input Values
Assumed start-up year 2014
Current year for costs 2014
Start-up Time (years) 0.4
Plant life (years) 30
Analysis period (years) 20
Interest rate on debt, if applicable (%) 2.00%
Debt Period (years) 20-25
Decommissioning costs (%  capital investment) 1%
Inflation rate (%) 1.9%
After-tax Real IRR (%) 10.0%
State Taxes (%) 6.0%
Federal Taxes (%) 35.0%
Total Tax Rate (%) 38.90%

Capital Costs - Base Station

10.5MW Solar PV plant  $        13,313,613.60 
10MW PEM electrolyser plant  $        13,493,800.00 Turn Key system
Site Preparation  $             300,000.00 
Engineering & design ($)  $               50,000.00 
Hydrogen Storage 1200kg  $             500,000.00 6x200kg
Transport (Truck)  $             195,000.00 
Compressor  $             110,000.00 
Intrumentation and control  $          1,000,000.00 
Project contingency ($)  $               50,000.00 
Total Depreciable Capital Costs $29,012,414

Non-Depreciable Capital Costs
Cost of land ($/acre)  $                 1,000.00 
Land required (acres) 107
Land Cost ($) 107,000.00$              
Decommissioning costs  $             290,124.14 
Total Non-Depreciable Capital Costs 398,231.14$              
Total Capital Costs  $        29,410,644.74 

O&M - Base station
Production facility plant staff (number of FTEs) 4
Burdened labor cost, including overhead ($/man-hr) $20
Production Facility Labor cost, $/year  $             233,600.00 
G&A rate (% of labor cost) 3%
G&A ($/year) 7,008.00$                  
Licensing, Permits and Fees ($/year)  $                 1,000.00 
Property tax and insurance rate (% of total capital investment/year) 0.3%
Property taxes and insurance ($/year) 88,231.93$                
Production Maintenance and Repairs ($/year)  $               88,231.93 

Total Fixed Operating Costs 418,095.90$              
O&M over 20 and 25 years including inflasion  $          8,972,743.44  $                        11,123,946.06 

1 % capital investment

Integrated with Drop-in Fuel Station

1000 kg/day Hydrogen Production Facility
Notes

Base Station Financial Analysis 

Infrastructure-Buildings, Fence, ect.

Complete PV farm
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Table 3: Drop-in station financial analysis. 

 

Technical Operating Parameters and Specifications
*Capabile of 160kg/day

Hydrogen Fueling Station (kg of H2/day)                             100 

Reliability  (include maintanance)                            0.98 
Plant Output (kg/year) 35,770

Financial Input Values
Assumed start-up year 2014
Current year for costs 2014
Start-up Time (years) 0.4
Plant life (years) 20
Analysis period (years) 5-10
Interest rate on debt, if applicable (%) 2.00%
Debt Period (years) 5-10
Decommissioning costs (% capital investment) 1%
Inflation rate (%) 1.9%
After-tax Real IRR (%) 10.0%
State Taxes (%) 6.0%
Federal Taxes (%) 35.0%
Total Tax Rate (%) 38.90%

Capital Costs - Drop-in Fueling Station

Site Preparation  $               10,000.00 
Engineering & design ($)  $               10,000.00 
Hydrogen Storage  $             534,000.00 
Fuel cell (33kW)  $             100,000.00 
Compressor  $               70,000.00 
Pre-cooler (Chiller)  $             109,900.00 
Dispensor equipment  $               30,000.00 
Intrumentation and control  $             150,000.00 15% of capital cost also 

   Total Depreciable Capital Costs  $          1,013,900.00 

Non-Depreciable Capital Costs
Cost of land ($/acre) NA
Land required (acres) NA
Land Cost ($) NA
Decommissioning costs  $               10,139.00 
Total Non-Depreciable Capital Costs 10,139.00$                
Total Capital Costs  $          1,024,039.00 

O&M - Drop-in Fueling station
Production facility plant staff (number of FTEs) NA
Burdened labor cost, including overhead ($/man-hr) NA
Production Facility Labor cost, $/year NA
G&A rate (% of labor cost) NA
G&A ($/year) NA
Hydrogen supply from Base Station  $             202,289.62 5.54 $/kg

Property tax and insurance rate (% of total capital investment/year) 1%
Property taxes and insurance ($/year) 8,192.31$                  
Production Maintenance and Repairs ($/year)  $               10,240.39 

Total Fixed Operating Costs 220,722.33$              
O&M over 5, 7 and 10 years including inflation  $          1,346,276.32  $                 1,797,097.01  $                          2,474,011.64 

Inlcudes nozzle and fueling hose

Plus skid, pump, reservoir and cooler

Labor cost is included in the Base station

1 % capital investment

Notes

Drop-in Fuel Station Financial Analysis 

100 (160*) kg/day Hydrogen Fueling Station 

10 stations designed: $100,000 devided by 10

All extras and exstra heat exchanger

Main storage 189 bar, HP storage 800 bar
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Figure 13: Return on Investment- Base station 

 

Figure 14: Return on Investment- Drop-in Fueling station 

 

 

Figure 15: Return on Investment over ten years 

  

 25 years 20 years

Total expenses over 20 and 25 years  $           40,534,590.79  $                 38,383,388.18 

Interest rate 2 2
Periods (years) 25 20

Monthly Installment 171,807.62$                     194,175.16$                             
Plant output per month (kg) 31000 31000

Price of Hydrogen produced at the Base station ($/kg) 5.54 6.26

Return on Investment - Base Station

 5 years 7 years 10 years

Total expenses over 5, 7 and 10 years  $             2,370,315.32  $            2,821,136.01  $                   3,498,050.64 

Interest rate 2 2 2
Periods (years) 5 7 10

Monthly Installment 41,546.32$                        36,018.67$                       32,186.77$                                
Plant output per month (kg)                           3,100 3100 3100

Price of Hydrogen produced at Fuel station ($/kg) 13.40 11.62 10.38

Return on Investment - Drop-in Fueling Station
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4. Safety analysis 
Hydrogen safety at the drop-in fueling station is carefully considered taking in account any possible 
hazards or failure modes. For an explosion to exist there must be an ignition, fuel and combustible 
material. Possible risks areas were identified and are addressed in detail in the following sections. 

Risk analysis 

4.1 Ignition sources 

At the drop-in fuel station, ignition can be due to an electrical spark, open flame or a heat source 
above Hydrogen’s auto ignition temperature. All of these should thus be removed or reduced. 

Spark sources where H2 can accumulate are removed by using vapour proof lights. All the electrical 
installation inside the container should be done according to appropriated standards to reduce 
possible sparks. By installing the electrical components and cables as low as possible, and below the 
H2 pipes, the installation is made inherently safe. The low density of H2 will cause any leaked H2 to 
flow upwards due to the buoyancy forces acting on it. It is thus low risk that the H2 and the electric 
installation should come into contact. 

Open flames should be guarded against through appropriate signage, personnel training and access 
control to inside the container. All customers entering the site should note by appropriate signage 
that no open flames are allowed. 

4.2 Fuel and combustible material 

In this case the fuel is oxygen and the combustible material is H2. It is impossible to remove the fuel 
but possible to reduce the concentration of H2. Hydrogen is combustible when in a concentration 
between 4% and 74%. The concentration can be managed through proper ventilation. 

When taking into account the maximum amount of H2 stored on site and the size of the room, it is 
determined that the maximum concentration can only be 0.6%. Thus it is not necessary to add any 
additional ventilation. It is proposed that some autonomous ventilation, e.g. wind powered, be 
added. This will also ensure that there is no place where hydrogen can accumulate if these are 
installed at the highest point of the container. 

4.3 Hydrogen storage 

Hydrogen is stored on the container as well as inside the container. The cylinders should be 
inspected as per regulations and only handled by qualified persons. The correct personal protection 
equipment (PPE) should be worn. The cylinders should be fixed securely and the correct signage, as 
per regulations, should be installed. 

4.4 Emergency exits, procedures 

Emergency, evacuation routes and procedures should be indicated as per national regulations. The 
appropriate fire fighting equipment should be installed and marked as per regulations.  
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4.5 Personnel safety 

All authorised persons entering the container should use appropriate PPE for the task they plan to 
perform. All persons must wear appropriate PPE during construction and maintenance.  Access to 
the site is being controlled at all times. Only authorised persons should be allowed to enter. 

All persons working on the drop-in fuel station should receive appropriate training including 
operating and emergency procedures. Even though the drop-in fuel station has been designed to 
operate autonomously, operators should have a clear idea of what to do in case of an emergency. 

Areas where flammable gasses are classified to aid with the selection and installation of equipment 
that is to use in that area.  However electrolyser procured for this project is designed to operate in a 
non-hazardous area. 

Safety analysis 

The drop-in fuel station can be classified as non-hazardous area if the ventilation system supplied 
enough fresh air to dilute hydrogen to a concentration of lower than 0.8% (20% of the LEL of 
hydrogen) in the event of an accident. Pressure release valves are installed at varies locations to 
prevent unwanted pressures.  

Table 4 shows a cause and effect analysis for the control system: 

Table 4: Cause and effect analysis. 

 CAUSE (FAULT) EFFECT (PRECAUTION) 
1 Hydrogen leak detected Go to shutdown procedure 
2 Ventilation system fail Go to shutdown procedure 
3 Any valve malfunction Go to startup mode and retry valve 
4 Abnormal temperature  Go to shutdown procedure 
5 Abnormal high pressure Go to shutdown procedure 
 

Two emergency shutdown buttons is be fitted to shut down the system immediately in the event of 
an accident. One button is fitted near the dispenser for the customer and the other one is fitted 
inside the container. 
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5. Regulations, codes and standards 
Safety standards will be complied with. HVAC is crucial in hazardous zone classification reduction. 
Standards and guidelines identified for production, transportation, and fueling stations include: 

• IEC EN1127-1 for the classification of explosive atmospheres: Explosion prevention and 
protection. 

• TC197 WG11 and ISO TS20100  for fueling station guidelines [5]. 
• SAE-TIR-J-2600 for vehicle fuelling connection devices [5]. 
• SAE-TIR-J2601 for refueling protocols [5]. 
• SAE-TIR-J-2719 for fuel specifications [5]. 
• SAE-TIR-J-2799  for 700 bar refueling connection devices and vehicle to station 

communication [5]. 
• ASME B31.3 process piping codes and standards [5]. 
• NFPA 70 national electric codes and standards [5]. 
• NFPA496 for purged enclosures [5]. 
• NFPA497M for the classification of gases, vapors, dust for electrical equipment in hazardous 

(classified) zones [5]. 
• NFPA55 for the storage, use, and handling of compressed gasses and cryogenic fluids in 

portable and stationary containers, cylinders, and tanks [5]. 
• NFPA 2 vehicle fuel system code [5]. 
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6. Siting, operation and maintenance 
Siting 

The location of the drop-in fueling station is mainly dependent on station coverage and capacity 
utilization. Although the technology is still in the early commercialization phase, an improvement in 
area coverage will enhance the customer’s experience, establish confidence in the technology and 
could lead to rapid market penetration of FCEV.  
 
The customer will expect a hassle free experience similar to gasoline or natural gas stations. The 
drop-in fueling station should provide the high standard of availability, throughput and ease-of-use. 

 

Figure 16: Ten selected locations for fueling stations 

In Figure 16 ten locations were identified for possible drop-in fueling stations. Due to time our 
location and limited resources it was impossible to do a site visit. Our approach to select the best 
location for the fueling stations was based the number of people residing in medium-high and high 
income zones within 10km of the station. The drop-in fueling stations are also located near main 
road. In Figure 17 we investigated urban growth to place our drop-in fueling stations at these 
locations. 
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Figure 17: Predicted urban growth at the fueling stations. 

Operation 

The system control sequences are given in Figure 19. Each one is described below separately. 

Start-up 

This mode is included to run when a new skid is placed at a location.  It waits for an operator to start 
the system (using a switch) which starts the PLC, closes all valves, start ventilation and monitors all 
H2 safety sensors. 

Stand by 

This mode is included when the system is not used and continuously monitors the H2 supply 
pressure, the supply pressure to the customer, if a customer is in fact present, if the H2 supply needs 
to be replaced or if a shutdown (of the entire system i.e. if the skid is to be placed elsewhere) is 
required. 

Compression 

When the skid is placed at a location for the first time the pressure supplied to the customer is 
insufficient and the H2 must be compressed to 920 barg in the buffer volumes.  As it is envisaged 
that the entire skid can be operated by an appropriate fuel cell system this mode monitors if the fuel 
cell is switched on, if the compressor is already running, if the fuelling of a car is required and if the 
batteries needs charging.  
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Fueling 

The fuelling mode is the centre of the skid’s operation and includes the monitoring of the FC, the 
cooler (used to reduce the H2 temp to the customer, if any activity is present at the fuelling nozzle, 
control of the flow valve to the customer, and to vent the left over H2 in the nozzle hose.  This mode 
also determines if the batteries need to be charged by the FC. 

Compression and Fuelling 

The operation of the skid also includes the possibility of fuelling a customer’s car while compressing 
H2 into the buffer volume (when the buffer volume pressure is below 900 barg).  For this reason the 
compression and fuelling mode is included which monitors if the compressor is already running, if 
the cooler is running, is a fuelling request present from a customer and is the nozzle returned safely. 

Checking of the FC is not needed as this mode can only be entered through the compressor mode 
which includes this step already.  

Limp & compression 

As the skid system must be able to supply H2 for 48 hour period (when maintenance ext. are 
needed) a limp and compression mode is also introduced.  This mode is only activated when the 
pressure of the H2 supply is less than 70 barg through the standby mode.  This mode includes 
monitoring of the fuel cell, setting the compressor at 50% of the flow and if a fuelling request is 
present. 

Battery charge 

Batteries are used to start the fuel cell system (which powers the compressor, cooler and fuelling 
system) and to run the basic electronics such as the LED lights and communications.  For this reason 
a battery charge mode is included to charge the batteries (using the Fuel cell) when the SOC is below 
99%.  This mode can be activated whenever the compressor or cooler is needed.  As the fuel cell is 
only activated in these modes the battery must be also charged before exiting these modes to 
ensure that the fuel cell does not cycle unnecessarily.  This mode includes monitoring the SOC of the 
batteries, if a fuelling is requested, the high pressure in the buffer volume, the H2 supply pressure 
and if a refueling (see next paragraph) is requested. 

Refueling 

When the H2 storage is depleted the tube cylinders must be replaced.  The system is designed to use 
self-loading tube trucks to swap the depleted supply container with a full one.  To enable this a 
Refuelling mode was added which includes checking if such a request is present from an operator, 
switching off of the fuel cell system and closing of all valves.  No compression or fuelling of a car can 
be attempted during this mode.  The replacement of the H2 supply unit takes 10 – 20 minutes. 

Shutdown 
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As the fuelling station needs to be mobile in a drop-in mode it was deemed necessary to include a 
shutdown mode for when the fuelling station is moved to another location.  This mode includes the 
closing of all valves, opening of the vent valves, disconnecting the batteries, switching off the fuel 
cell and opening the main switch (disconnecting everything from the power supplies).  This mode 
can only be entered by using a key from a qualified operator. 

Maintenance checks will verify system corrosion, damage, wear, and low level of fluids that could 
cause a decrease in the system performance. Additionally, periodic oil changes, catalyst 
replacements, and resin refills are implemented to maintain equipment quality and maximize the 
design life. 

Control and communication 

 
 

The operation and control of the fueling station implements a Siemens S7-1200 SIMATIC modular 
Controller. The benefits of this system includes: flexible in use, openness in hardware and software 
configuration, rugged and maintenance free.  

Sensors monitor and control all power, temperatures, flows, hydrogen supply and pressures in the 
fueling station as well as all possible safety conditions. The data is sent from each fueling station to 
the control room situated at the base station as illustrated in Figure 18. The operator at the base 
station is notified when the hydrogen level in the tube storage unit reaches 100 barg, allowing time 
to schedule a delivery. The operator schedules delivery based on each fueling station’s previous 
filling history, distance from the main station, and pressure. Other data such as amount of refuels, 
refuelling times etc. is stored at the base station.  

At the fueling station the Siemens S7-1200 controller directly interfaces to control of the refuelling 
process as well as to the customer. Most of the fueling station information is made available on the 
internet environment but strictly read-only for security reasons. 
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Figure 18: Drop-in fueling station and base stations communication illustration. 

Maintenance 

An inspection of the drop-in fueling station is performed once monthly. The hydrogen sensors are to 
be tested once monthly. Any irregularities will be addressed immediately. Air filters will be replaced 
every 3 months, or for sites with dust problems, this can be reduced to every month if necessary. 

All major components follow the maintenance intervals specified in their individual maintenance 
manuals. 
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Figure 19: S2H2 drop-in fueling station control sequences.  
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7. Environmental analysis 
Prior to the implementation of the project an Environmental Impact Report (EIR) as described in the 
California Environmental Quality Act Statutes and Guidelines [10] may be requested. This report will 
serve to inform all relevant public agency decision makers as well as the general public of the 
possible environmental effects the project might have and ways in which these effects can and will 
be minimized. The report will provide a general description of the projects technical, economic and 
environmental characteristics with special reference to possible environmental impacts which will be 
discussed for all phases of the project ranging from the proposal phase to the implementation 
phase. A preliminary desktop analysis concluded that possible environmental impacts that should be 
considered are: 

• The clearing of vegetation for the establishment of a photo-voltaic power plant at the base 
station; 

• The possible visual impact of the base site development; 
• Pollution and energy loss as a result of the water electrolysis (PEM electrolyser) process; 
• Air pollution caused by trucks delivering hydrogen to the drop-in fueling stations, and finally; 
• Noise pollution caused by compressors at the base station and the ten drop-in fueling 

stations and trucks delivering hydrogen to fueling stations. 

A preliminary analysis for the abovementioned envisaged impacts is discussed in more detail. 

Clearing of vegetation 

According to the California dessert vegetation map [9] the proposed site for the base station falls 
within the Mojave Bioregion consisting of mainly Alkaline and Desert scrub. Patches of these 
vegetation types will have to be cleared for the construction of the solar farm and base station, but 
the extent of clearance is not expected to have any significant impact on the larger bioregion. A 
more detailed analysis might be required during the drafting of the EIR to determine whether any 
endangered or significant species exist on site and if the site development plan should be altered to 
accommodate these. The Mojave Bioregion is considered a semi-arid area with an annual rainfall 
ranging between 0 to 5 inches, making the area highly suitable for the generating of renewable solar 
energy.  

Visual impact 

The visual impact associated with the project is considered minimal. The fueling stations will be 
located within existing built-up areas and will blend in with the existing landscape vista of the 
greater Los Angeles metropolitan area. The base station might have a visual impact, but due to the 
low population density in the area and the close proximity of an existing solar farm can be 
considered insignificant.  
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Resources and emission analysis 
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Figure 20: Well-to-Wheel analysis illustration. 

Table 5: Well-to-wheel analysis results. 

Well-to-Wheel Energy and Greenhouse Gas Emissions 
 2005 Gasoline ICE 

Vehicle 
Solar to hydrogen - FCEV 

Well-to-Wheels Total Energy 
Use (Btu/mile) 

5900 2590 

Well-to-Wheels Greenhouse 
Gas Emissions (g/mile) 

470 15.2 

 

Because the process relies on solar energy and not on fossil fuel, the air pollution footprint of the 
base station and fueling stations are minimal. The main source of possible air pollution will be the 
trucks transporting the fuel from the base station to the fueling stations. Some particulate pollution 
might be generated from the small sections of gravel road that will be used by the trucks, but the 
low population density of the areas in which this will be applicable makes this pollution insignificant 
[7, 8]. 
 
Noise analysis 

According to information sourced from the website of the U.S. Census Bureau the base station is 
located in a sparsely populated region. Therefore the delivery of hydrogen should not negatively 
impact residents in close proximity to the base station. The ten fueling stations are all located 
adjacent to highways which already carry heavy traffic loads. Additional trucks on these roads should 
have no significant impact on noise pollution.  
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A second source of noise pollution is the compressors that will be used to compress hydrogen gas at 
the base station and the fuel stations. These compressors will be installed inside containers which 
should damper the noise generated by the machines. The compressors will further only be used 
during certain times of the day and use will be discouraged during nighttime. Compressor noise 
ranges from approximately 90 LwA to 110 LwA expressed in dB. Figure x shows the change in noise 
level over distance for a compressor producing 110 LwA and excludes the effects of ambient noises, 
the dampening effect caused by the container and the influence of buildings and other physical 
structures. 

 

Figure 21: Change in compressor noise over distance. 

According to [10] the noise experienced at 45 LAeq can be compared to the noise experienced in a 
typical office space, which is acceptable for most people. The worst case scenario will be noise 
generated at 58 LAeq between within 50m of a compressor. Considering that the propagation of the 
sound will be reduced by the container, buildings and structures in the area and that the noise will 
mix with existing noise generated by the highways and other sources, it can be concluded that the 
compressors should not have a significant effect on noise pollution in the areas. 

Therefore, other than the clearing of vegetation for the establishment of the solar farm and base 
station, no significant irreversible environmental changes or significant environmental effects that 
cannot be managed are apparent for this development.  
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8. Interface design/customer education 
The user interfaces with the station through a touch screen. At the start the user will select the 
amount of hydrogen required in increments of 0.5 kg up to 5 kg, as well as the option to fill 
completely. The user is guided through the process of filling the vehicle by voice assistance. This 
voice can be muted at any time with a single button on the touch screen for users that are well 
familiar with the sequence. The sequence of fueling is as follows: 

• Once the selected hydrogen filling requirement is made, the user is prompted to select a 
method of payment: card, or cash. 

• The user is prompted to swipe the card and enter required codes or to place the cash in the 
cash receptacle. 

• The user is prompted to remove the fueling nozzle form the nozzle mounting and to place it 
securely in the car fueling receptacle. 

• The controller commences to communicate with the car if possible and decides on a fueling 
rate based on lookup tables provided in SAE-TIR-J2601. 

• When the fill is complete the computer prompts the user to remove the nozzle from the 
vehicle receptacle and place it back in the nozzle mounting. If the amount of hydrogen is less 
than what the user, paying with cash, requested, change will be provided. If no change is 
available a receipt is printed which can be claimed at all participating shops in the area. 

• Details of the fill are provided on the screen and a receipt is printed. 

The graphical design for the container drop-in fueling station container is attached at the end of the 
document.  

For customer education a poster with hydrogen facts and tips is designed. The poster is attached at 
the end of the document. 

Additionally, to illustrate the entire process, from hydrogen production at the base station to the 
fueling nozzle, a short video is provided illustrating the process. This video is repeated on the drop-in 
station touch screen while the system is not in use. The video can be downloaded and viewed at: 
https://www.dropbox.com/s/6zrj5v5lxpwiuqj/HySA%20Animation.mp4 
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H2 is the first element in the periodic table. Hydrogen is 

the lightest element with an atomic weight of 1.00794. 

H2 is the most abundant element. 

About 75% of the element mass of the universe is H2 

H2 gas is colorless, odorless and combustible. 

Hydrogen as Fuel 
Storage: H2 vehicle – 100kWh vs. Battery vehicle – 30kWh 

Fueling to 100%: H2 vehicle – 3 minutes vs. Battery vehicle – 6 hours 

Range from 100% : H2 vehicle – 500 km+ vs. Battery vehicle – 160 km 

CO2 emissions: H2 vehicle – 0 gCO2/mile vs. Gas vehicle – 450 gCO2/mile 

H2 is produced from water and returns to water at the vehicle exhaust 
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Hydrogen Facts 

H2 gas is highly flammable 

Never smoke near any H2 gas installation 

Never have any form of open flame near any H2 gas installation 

H2 gas rises very rapidly, eliminating the risk, IF NOT CONTAINED 

H2 gas mixes rapidly with air in the atmosphere eliminating the risk 

H2 gas is safer than other competitive fuels, IF HANDLED CORRECTLY 
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