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Executive Summary

Increased safety and security, higher energy efficiency, reduction in noise, air, and water 

pollution, and reduced impact during power interruptions  will be achieved by using hydrogen 

technologies. They are more energy efficient and reliable than conventional systems, thus 

having potential to diminish these issues. The Energy Evolution Report by National Hydrogen 

Association illustrates the role that hydrogen plays as a fuel, working with many other kinds 

of technologies to provide a wide variety of benefits. It is  secure and widely available, 

environmentally sustainable and economically viable. The hydrogen-powered fuel cell vehicle 

scenario can reduce societal costs more than any other option, saving more than $600 billion 

per year by 2100 compared to the gasoline internal combustion engine vehicles we drive 

today.

This  ukrainian team was formed of students  from Kiev National University, mainly active 

members of Ukrainian Association for Hydrogen Energy.1

We decided to produce 33.3 percent renewable hydrogen by using a blend of 33.3 

percent landfill biogas and 66.7 percent natural gas in a steam reformer to create the 

hydrogen. Electricity demands are supposed to be met by a 33.3/66.7 percent blend of new 

renewable and grid electricity. Both the electrical and the non-electrical requirements of the 

station must incorporate a 33 percent renewable component on an energy equivalent basis 

for the station to be considered “33.3 percent renewable.”

In total, for 200kg hydrogen/day generation we will emit 2519 kg of CO2 daily. 200 kg of 

hydrogen for Honda FCX Clarity is  enough for 23200 km. For the same distance, gasoline 

powered light duty passenger vehicle will emit 6084 kg of CO2. That means that hydrogen is 

2.41 times more efficient. The cost of hydrogen is equal to 52 cents  per mile driven2. The 

economy is 6 cents per mile, or 11.5%.

Successful activity of Early Hydrogen Communities  appears  to be essential to bring 

investment funds  into hydrogen fuel market in future. Also, the government financial support 

will play the major role when resolving the problem of « the chicken and the egg» in 

hydrogen-based economy.
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1. Hydrogen Production Evaluation

Hydrogen production could be centralized, distributed or a mixture of both. While 

generating hydrogen at centralized primary energy plants promises  higher hydrogen 

production efficiency, difficulties in high-volume, long range hydrogen transportation (due to 

factors such as hydrogen damage and the ease of hydrogen diffusion through solid 

materials) makes electrical energy distribution attractive within a hydrogen economy. In such 

a scenario, small regional plants or even local filling stations could generate hydrogen using 

energy provided through the electrical distribution grid. While hydrogen generation efficiency 

is  likely to be lower than for centralized hydrogen generation, losses in hydrogen transport 

can make such a scheme more efficient in terms of the primary energy used per kilogram of 

hydrogen delivered to the end user.

The majority of the world’s  hydrogen worldwide is  produced via fossil fuel-based 

methods, primarily steam reforming of natural gas (also known as SMR). On a well-to-wheels 

basis, the use of hydrogen produced from the natural gas and used in a fuel cell vehicle will 

reduce greenhouse gas emissions by about 55 percent compared to a gasoline combustion 

vehicle.3

To encourage the development of renewable hydrogen infrastructure, increased funding 

levels  will be available for increased amounts of renewables. We took in account the prices 

for the renewables, and California state law which runs as  follows: at least 33% of the 

hydrogen supplied to vehicle fueling stations that receive state funding have to come from 

renewable sources. That is  why we decided to produce 33.3 percent renewable hydrogen by 

using a blend of 33.3 percent landfill biogas and 66.7 percent natural gas in a steam reformer 

to create the hydrogen. Thus, electricity demands were met by a 33.3/66.7 percent blend of 

new renewable and grid electricity. Both the electrical and the non-electrical requirements of 

the station must incorporate a 33% renewable component on an energy equivalent basis for 

the station to be considered “33.3 percent renewable.4

All landfill stations within 25 miles of Santa Monica are indicated in table 1.1.
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Table 1.1. Landfill gas productions within 25 miles of Santa Monica.

Landfill Name Landfill City Landfill 
County

Landfill Owner 
Organization

Project Developer 
Organization

Bradley Landfill Sun Valley Los Angeles Waste Management, 
Inc.

WM Energy 
Solutions, Inc.

Bradley Landfill Sun Valley Los Angeles Waste Management, 
Inc. Viridis

Burbank LF Site 
No. 3 Burbank Los Angeles City of Burbank, CA Burbank Water & 

Power

Mission Hills Los Angeles Los Angeles American Golf Corp., 
Barclay Hollander

SCS Engineers 
and SCS Field 
Services

Operating 
Industries, Inc. 
LF (OII)

Monterey 
Park Los Angeles Operating Industries, 

Inc. New Cure, Inc.

Palos Verdes 
Landfill

Rolling Hills 
Estates Los Angeles

Sanitation Districts of 
Los Angeles County, 
CA

Sanitation Districts 
of Los Angeles 
County, CA

Penrose LF Sun Valley Los Angeles Los Angeles By-
Products, Inc. Viridis

Puente Hills LF Whittier Los Angeles
Sanitation Districts of 
Los Angeles County, 
CA

Sanitation Districts 
of Los Angeles 
County, CA

Scholl Canyon 
SLF Glendale Los Angeles City of Glendale, CA Palmer Capital 

Corporation

For the source of renewable biogas, landfill methane gas from Bradley Landfill in Sun 

Valley city was chosen. Natural gas will be taken from the Santa-Monica city natural gas grid. 

To decrease the costs  of hydrogen transportation we propose the idea of “sharing 

methane”. Landfill methane production company can input their gas to the national grid in 

order to supply local gas customers. Our hydrogen station will take out from the national grid 

the same amount of methane. By this simple operation we can dramatically reduce the price 

of methane transportation.

The following example illustrates how to determine the percent of renewables for 

different hydrogen production pathways. It considers a station capable of dispensing 200 

kilograms per day at 10,000 psi (700bar, 70 MPa) with the electrical components for 
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compression and auxiliary processes requiring 2000 kilowatt hours (kWhr) per day or 10 

kWhr per kilogram of hydrogen.

Figure 1 illustrates the energy requirements for a 200 kilogram per day Steam Methane 

Reformation (SMR) station. The total daily station energy inputs are 11.55 kWhr - 2000 kWhr 

in electricity and 9.55 kWhr (32.66 million Btu [mmBtu]) of non-electrical inputs. The energy 

inputs are further broken down into their renewable and non-renewable portions. The 

electrical component is  using 2000 kwhr non-renewable grid electricity and 1332 kwhr 

renewable electricity. The nonelectrical component includes renewable biogas (10.85 

mmBtu) and non-renewable natural gas (21.81 mmBtu). Energy inputs are expressed on an 

energy equivalent basis  converted to kWhr to simplify calculations. The output for the 

process would result in 200 kilograms of 33.3 percent renewable hydrogen dispensed at 

10,000 psi.5

Figure 1: Energy requirements for a 200 kilogram per day Steam Methane Reformation 
(SMR) station.

Calculated percent of renewable contributions is presented in Table 1.2.
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Table 1.2: Calculated percent of renewable contributions.

Processes requiring
electrical energy inputs

List electrical energy
Sources

List electrical energy
Sources

Daily energy requirement (in kWh
per day) for station operating at 200

kg/day capacity

Daily energy requirement (in kWh
per day) for station operating at 200

kg/day capacity
Daily output: 200 kg Primary Secondary Renewable Non-renewable
1) Compression, etc. Grid Wind 1332 kWh 2000 kWh

2) Other electrical
Total Electrical Energy InputsTotal Electrical Energy InputsTotal Electrical Energy Inputs 1332 kWh 2000 kWh

Percent Eligible Renewable Electricity (Renewable/Total)Percent Eligible Renewable Electricity (Renewable/Total)Percent Eligible Renewable Electricity (Renewable/Total) 33.3%33.3%

Processes using 
nonelectricity

feedstocks
and energy inputs

List non-electricity
feedstock or energy source

List non-electricity
feedstock or energy source

Daily feedstock or energy input
for station operating at 200 kg/day

capacity (convert to kWh)

Daily feedstock or energy input
for station operating at 200 kg/day

capacity (convert to kWh)

Primary Secondary Renewable Non-renewable
1) Reformation Digester gas Natural gas 3180 kWh 6393 kWh

Total Energy Feedstocks and InputsTotal Energy Feedstocks and InputsTotal Energy Feedstocks and Inputs 3180 kWh 6393 kWh

% renewable feedstocks & inputs (Renewables/total)% renewable feedstocks & inputs (Renewables/total)% renewable feedstocks & inputs (Renewables/total) 33.3%33.3%

Total Energy Inputs (electricity and non-electricity)Total Energy Inputs (electricity and non-electricity)Total Energy Inputs (electricity and non-electricity) 4512 kWh 8393 kWh

Total Percent RenewableTotal Percent RenewableTotal Percent Renewable 33.3%33.3%
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2. Early Market Customer Identification
Nowadays, hydrogen is becoming a practical reality in our everyday life. A new report by 

Indian research company Bharat Book Bureau estimates that global demand for hydrogen 

will grow 3.5 per cent annually between 2010 and 2013, to 478bn m3.6 Thus, more and more 

companies are choosing this cleaner, more reliable, and more affordable alternative to both 

today’s electric grid as well as traditional renewable energy sources.

Bank of America, Coca-Cola, Cox Enterprises, eBay, FedEx, Google, Staples, and 

Walmart are among first companies to deploy Bloom Energy Server, to generate their own 

electricity on site, hence reducing their carbon footprint while lowering energy costs and 

mitigating power outage risks.7  Each Bloom Energy Server provides 100 kilowatts  (kW) of 

electricity, enough to power 100 average U.S. homes or a small office building 24/7. 

Customers typically expect a 3-5 year payback on their investment from the energy cost 

savings. Since the first commercial customer installation in July 2008, Bloom’s Energy 

Servers have collectively produced more than 11 million kilowatt hours  (kWh) of electricity, 

with CO2 reductions estimated at 14 million pounds – the equivalent of powering 

approximately 1,000 American homes for a year and planting one million trees.

Also, most large retailer warehouses operate around-the-clock, and require forklifts  that 

use huge amounts of energy to lift and move products. In the past, lead-acid batteries  have 

provided the energy needed for indoor forklifts. But batteries require long recharge periods, 

hold less energy with each charge, and need to be replaced every 2-3 years. The hazardous 

materials in batteries also make them costly to dispose of properly.

Wal-Mart’s  trial ran the GenDrive forklifts  under actual working conditions for over four 

months, logging more than 18,000 hours and 2,100 indoor fuelings. These forklifts utilize an 

electric motor powered by a hydrogen fuel cell, rather than a traditional lead-acid battery. 

Typically, a battery forklift will swap out dead batteries for charged batteries several times a 

day. Each battery needs to be removed with a crane and recharged for several hours, 

requiring equipment, man-hours and extra storage for charging batteries.8

This  is just one of several examples, showing the interest of companies to hydrogen 

technologies. Because it is  not only benificial for the planet, but it also represents a smart 

business decision.
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Table 2.1. Potential customers in Santa Monica. Branches of Companies, introducing 
hydrogen technologies.

Name Adress Type Telephone

Clinicas del Camino Real, Inc. 200 S Wells Rd, Ventura, CA 
93004

Hospital  

Pacific Hospital of Long Beach 2776 Pacific Avenue, Long 
Beach, CA 90806

Hospital  

Citrus Valley Health Partners 1115 S Sunset Av, West Covina, 
CA 91790

Hospital  

Torrance Memorial Medical Center 3330 W Lomita Blvd, Torrance, 
CA 90505

Hospital  

Good Samaritan Hospital 1225 Wilshire Blvd, Los 
Angeles, CA 90017

Hospital  

Walmart Store #2960 4101 Crenshaw Blvd, Los 
Angeles, CA 90008

Supermarket  

Walmart Store #5152 6433 Fallbrook Avenue, West 
Hills, CA 91307

Supermarket (818) 719-8602

Walmart Store #2568 8333 Van Nuys Blvd, Panorama 
City, CA 91402

Supermarket (818) 830-0350

Walmart Store #5072 19503 South Normandie Ave, 
Torrance, CA 90501

Supermarket (310) 782-6022

Walmart Store #2526 19821 Rinaldi Street Porter 
Ranch, CA 91326

Supermarket (818) 832-0643

Walmart Store #2110 14501 Lakewood Blvd 
Paramount, CA 90723

Supermarket (562) 531-8240

Santa Monica Airport 3223 Donald Douglas Loop 
South, # 3, Santa Monica, CA 
90405

Airport (310) 458-8591

AT&T
 
 

2450 Lincoln Boulevard, Santa 
Monica,

 Communications
 
 

 
 
 

AT&T
 
 808 Wilshire Boulevard, Santa 

Monica, CA

 Communications
 
 

 
 
 

AT&T
 
 

805 Wilshire Boulevard, Santa 
Monica, CA

 Communications
 
 

 
 
 

Verizon Multilingual Service SLTN 1314 7th Street, Santa Monica, 
CA

 Сommunications  

Bank of America
 
 
 
 
 
 

287 26th Street, Santa Monica, 
CA

Bank
 
 
 
 
 
 

 
 
 
 
 
 
 

Bank of America
 
 
 
 
 
 

1301 4th Street, Santa Monica, 
CA

Bank
 
 
 
 
 
 

 
 
 
 
 
 
 

Bank of America
 
 
 
 
 
 

1430 Wilshire Boulevard, Santa 
Monica, CA

Bank
 
 
 
 
 
 

 
 
 
 
 
 
 

Bank of America
 
 
 
 
 
 3105 Wilshire, Santa Monica, 

CA

Bank
 
 
 
 
 
 

 
 
 
 
 
 
 

Bank of America
 
 
 
 
 
 

2627 Lincoln Boulevard, Santa 
Monica, CA

Bank
 
 
 
 
 
 

 
 
 
 
 
 
 

Bank of America
 
 
 
 
 
 

3032 Wilshire Boulevard, Santa 
Monica, CA

Bank
 
 
 
 
 
 

 
 
 
 
 
 
 

Fedex Kinko's 925 Wilshire Boulevard, Santa 
Monica, CA

 Transport  

Fedex Office
 
 

925 Wilshire Boulevard, Santa 
Monica, CA

 Transport  
 
 

Fedex Office
 
 601 Wilshire Boulevard, Santa 

Monica, CA

 Transport  
 
 

Fedex Office
 
 

601 Wilshire Boulevard, Santa 
Monica, CA

 Transport  
 
 

Staples 1610 Wilshire Boulevard, Santa 
Monica, CA

 Supply  
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3. Hydrogen Station Technical Designs
While designing hydrogen refilling station, we tried to define main criteria, to help assure 

that the next wave of stations will meet customer needs and will be built in the optimum 

locations. They are as follows:
• Does it add capacity in one of the early market communities in needed 

timeframes?
• Does it support automakers plans for customer locations?
• Does the station have a stated plan for customer service enhancements (hours 

of operation, onsite attendant, signage, etc)?
• Does it help to bridge a distance between several other existing stations?
• Does it include new hydrogen production or storage technology identified by 

CEC, 
• CARB or DOE as a need or transitional technology?
• Does it provide renewable hydrogen?
• Does it provide fuel for non-vehicle applications (combined heat/power, forklifts, 

etc)?
• Does it provide opportunities for local business or local jobs?
• Can such station be scaled up by 2-3 times in case of need?
• Is the station supposed to be situated in Santa-Monica and easily accessed?

Also, it was necessary to use all California Hydrogen Station Requirements, that include 

California Weights & Measure Requirements, California OSHA Requirements, California 

HazMat Reporting & Release Prevention, CEQA Requirements, California Building, 

Mechanical, Electrical and Fire Code and others9.

As we can see from California Fuel Cell Partnership Conceptual hydrogen station 

network on figure 3.1, construction of hydrogen fuel station is considered to be the first-

priority target. Placing the first wave of stations will impact the locations  for the second wave. 

From automaker survey data, CaFCP expects that by 2014, 900 customers  in Santa Monica 

will be driving FCVs.
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Figure 3.1 Conceptual hydrogen station network for passenger vehicles in 201410.

We implemented the following safety measures:

1. Panic buttons – for instantaneous stopping hydrogen circulation in case of 

dangerous situation. 

2. Video-surveillance and coded locks. 

3. Hydrogen sensors throughout the station territory (including stock area and 

service facilities).

The main aim for the station during the early phase of the development of Hydrogen 

Community, is to show the economic attractiveness of the project, so we focused our efforts 

on the maximal reduction of the hydrogen price. According to our estimations the less 

expensive hydrogen fuel would be the one produced on-site from the natural gas.

We used the steam methane reformer installed on the station to manufacture hydrogen 

from combined natural methane and landfill gas  arriving from the city grid. The capacity of 
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used Steam Methane Reformer (Air Liquide) allows the production of up to 420 kg of 

hydrogen per day. During the first phase of the project, the customers are estimated to 

consume about 200 kg of hydrogen per day, so the Reformer will work only in the off-peak 

time.

Initially, storage for 200 kg of hydrogen will be installed on the station. As the demand 

will grow, additional storage tanks will be installed. The storage space allows to place high 

pressure tanks for up to 400 kg of hydrogen.

A hydrogen compressor can work in several different modes, allowing either to pump 

hydrogen arriving from the reformer or, to redistribute hydrogen between high-pressure and 

low-pressure storages. Bursting discs will be placed between the compressor and hydrogen 

storage tanks to exclude the risk of rupture of high pressure pipeline.

Additionnaly, pressure and flow recorders will be placed on the dispensers. All data from 

recorders and sensors will be gathered by the central computer system that will operate the 

flow of the gases using the solenoid valves.

The project of the station includes two commercial spaces. The position of all rooms is 

shown on Figure 3.2.

Figure 3.2. Station plan.
# Name Area 

(m2)
1 Cash desk 8.3
2 Shop area 36.2
3 Shop storage 7.6
4 Lobby 5.1
5 Lobby 4.8

6 WC for disabled people 3.5

7 Operating room 12.1
8 WC for personel 2.8
9 Station storage room 3.5

10 Commercial area for 
lease 71.7

11 Reformer area 73.2

12 High pressure storage 
area 18.1

13 Corridor 2.7
14 Electric switchboard 3.4
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Figure 3.3. The Hydrogen Fueling Station Process Schematic.
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Figure 3.4. 3-D Model of Hydrogen Refueling Station.
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4. Safety Analysis
Safety was one of high priority during the design of the hydrogen refueling station. 

Safety analysis consists  of three main elements: the identification of hazards, the 

assessment of risks that arise, and generation of measures to increase the level of safety. 

Human error continues to be the main source of accidents, therefore our safety strategy was 

focused on maximal automatization of all processes in the station.

Here is the list of the most probable failure modes:

1. Fire and combustion of hydrogen

2. A vehicle crashing into the fuel dispenser.

3. Pipe rupture, cylinder rupture or component failure in the high pressure hydrogen 

system.

4. An earthquake, tornado, storm or other natural disaster

5. A terrorist attack on the facility

General methods will be used to prevent all of these potential failure modes. Firstly, an 

efficient grounding system will be installed, because static electricity is one of the most 

possible causes of fire at the dispenser. Infrared sensors will cause the dispenser to fault out 

in the event that there is a flame within the perimeters  of the dispensers. The volume of traffic 

makes a vehicle-dispenser collision one of the most likely safety hazard. The hazard involved 

in such an incident could be greatly increased if it results in the rupture of a high pressure 

hydrogen line. The dispenser island will be protected by bollards that will prevent any 

damage to the dispenser if struck in the direction of traffic flow unless the collision happens at 

high speed. Moreover, the dispenser will be placed on a slightly elevated island and will be 

made of strong steel.

A central control system will collect data from hydrogen sensors, installed in storage 

area, production area and near all main connections of the pipe system. In the case of a 

large hydrogen leak, the system will automatically block the valves. In addition, ventilation 

systems will provide elimination of small amounts of hydrogen from the station area. The 

station was designed to reduce the exposure of the public to any of the process  components. 

The dispenser is  the only hydrogen component accessible to the public. Locks are placed on 

the access  doors of storage and production areas, security cameras are be placed near all 

key points  of the station. Lightning rods and sufficient grounding will prevent the likelihood of 

a fire caused by lightning.
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5. Economic/Business Plan Analysis
The project budget is $3,712,000 $ for 10 years for capital, installation, transitional, and 

marketing costs.

Table 5.1 System Capital Costs.
Basic Parts of Fueling System 

Reformer 400 kg H2/day capacity (Air Liquid)

Compressor 

Hydrogen Storage Tank 

- 5 000 psi

- 10 000 psi

Dispenser (Kraus Global)

SUB-TOTAL

495 000 $

145 000 $

120 000 $

165 000 $

56 000 $

981 000 $
Marketing 45 000 $
Design, Engineering and Maintenance

Maintenance

System Installation

Complete system design

Civil engineering, site preparation, codes, etc.

SUB-TOTAL for 10 years

20 000 $/year

150 000 $

40 000 $

210 000 $

600 000 $
TOTAL for 10 years 1 626 000 $

The cost for personnel to operate and maintain the system on a daily basis was 

estimated. 

Table 5.2 Operational costs for personnel
Personnel Quantity Yearly Cost Subtotal for 10 

years
Technician 2hrs/day 1 10 000 $ 100 000 $
Analyst 1 20 000 $ 200 000 $
TotalTotal 30 000 $ 300 000 $
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Table 5.2 Utility Rates11 1213

Type Price per unit Price per 200 kg H2 Price per 365 days
200 kg H2/day

Natural Gas 2

Landfill and Natural, 

average national price

6.54 $/1000 ft3 207.37 $ 75 690 $

Electricity Renewable and 
non-renewable

8.42 cents/kwt 280.55 $ 102 400 $

Water 3

Treated

$478 per AF

(1,233.5 m3)

1.4 $ 511 $

TotalTotal 489.32 $ 178 601 $
Total for 10 yearsTotal for 10 yearsTotal for 10 years 1 786 010 $

• 1 standard cubic foot of natural gas yields ≈ 1030 BTU

• Reformer use 32.66 mmBtu of gas/day and 150 L/hr of water

Table 5.3 Hydrogen price analysis
All costs for 10 years period

System Capital Costs 

Operational costs 

Utility Rates

Total

1 626 000 $

300 000 $

1 786 010 $

3 712 010 $
Total hydrogen production

200 kg/day during 4 first years

400 kg/day during 6 last years

Total for 10 years

292 000 kg

876 000 kg

1 168 000 kg
Estimated hydrogen price without taxes 3.17 $/kg

Itemized costs were not available for many components due to the desire of the 

company’s to keep information proprietary

Comparison of the cost in $/mile of hydrogen fuel for the fuel cell vehicle compared to 

the $/mile for comparable conventional vehicle using gasoline. 

We assume the fuel cell vehicle fuel economy is 60 mile/kg of hydrogen. That 

corresponds to 52 cents/mile. The cost per mile for conventional vehicles is  58 cents/mile, so 

the economy is 6 cents per mile, or 11.5%.
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6. Environmental Analysis
The vast majority of the world’s hydrogen is produced via fossil fuel-based methods, 

primarily steam reforming of natural gas. Hydrogen economy has a positive impact on the 

environment. Hydrogen produced using natural gas and used in a fuel cell vehicle reduces 

greenhouse gas emissions by about 55 percent compared to a gasoline combustion 

vehicle.14

As we decided to produce 33.3 percent renewable hydrogen by using a blend of 33.3 

percent landfill biogas and 66.7 percent natural gas in a steam reformer to create the 

hydrogen. So, to perform CO2 emissions analysis  we will take in account only 66.7 percent 

natural gas. The total daily station energy inputs include natural gas  (21.81 mmBtu) and 

electrical component 2000 kwhr of non-renewable grid electricity. 1 MMBtu = 28.263682 m3 

of natural gas at defined temperature and pressure.

California Natural Gas  Data and Statistics  indicates  that the average composition of 

Natural gas used in the US is 93.9% methane, 3.2% ethane, 0.7% propane, 0.4% butane, 

and higher alkanes, 1% CO2, and 1.6% other inerts (nitrogen mostly). The average heating 

value of natural Gas in the US is 1033 BTU/SCF. (SCF=standard cubic foot). So, 1 million 

BTU’s can be generated by burning 968 SCF of natural gas (1,000,000BTU/1033) Using the 

ideal gas law (PV=nRT), we can calculate how many moles  of gas this is. n= number of 

moles = PV/RT = ((1 atm)*(968ft3))/ ((0.73 ft3atm/lbmole deg R)*459degR) = 2.89 moles of 

gas. 1 mole of methane burns to form 1 mole CO2 (CH4 + 2O2 -> CO2 + 2H2O)

1 mole of ethane forms 2 mole CO2, etc. Quantity of moles CO2 = 2.89 (.939*1 + .032*2 

+ 0.007*3 + 0.004 *4+.01) = about 3.03 moles CO2. The molecular weight of CO2 is 44, so 1 

MM BTU’s  will release about 133 lbs  of CO2 (depending on the quality of the natural gas 

used), or about 1000 SCF (1000 standard cubic feet). Using 21.81 mmBtu per day we will 

produce 2880 lbs of CO2, or 21809 SCF per day from natural gas.15

Coal-fired electricity generation has the highest output rate of CO2 per kilowatthour 

produced, averaging 2.095 pounds per kilowatthour in 1999. Petroleum-fired electricity 

generation averaged 1.969 pounds  per kilowatthour, and natural gas-fired electricity 

generation had the lowest rate of 1.321 pounds  per kilowatthour. National average output 

rate 1.341 pounds of CO2 per kilowatthour generated.16  17  Using 2000 kwhr non-renewable 

grid electricity per day our station will emit 2682 pounds CO2 per day.
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In total, for 200kg hydrogen/day generation we will emit 5562 pounds of CO2 (2519 

kg) per day. 

By comparison, the Honda FCX Clarity fuel efficiency of 77/67/72 miles (~124/108/116 

km) per kilogram of hydrogen in city/highway/combined driving (116 in average). 200 kg is 

enough for 23200 km (14418 miles). 2009 gasoline powered light duty passenger vehicle 

emits  422g CO2/mi, that corresponds to 6084 kg for the same distance 23200 km, which is 

2.41 times less efficient.

The hydrogen fuel cell can propel a car 2.41 as efficiently as  a gasoline engine car, so 

even if H2 cost twice as much per unit of energy, it would cost the same or less per mile 

driven.

Figure 6.1 provides the corresponding GHG emission results according to Full Fuel 

Cycle Assessment, prepared by California Energy Commission.18

Figure 6.1 WTW GHG Emissions for Midsize Hydrogen. Vehicles (2012 New Vehicle 
Stock).

Hydrogen production is  quite efficient ~70–82% efficient from natural gas.19 Comparison 

of well to wheel efficiency are presented on figure 6.2.
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Figure 6.2 Well to wheel efficiency. FCHV target was already reached.

According to The National Hydrogen Association Energy Evolution report20, an Analysis 

of Alternative Vehicles and Fuels to 2100 compares more than 15 of the most promising 

distinct fuel and vehicle alternatives over a 100-year period, in scenarios where multiple 

alternatives are used early on, with one fuel and vehicle combination later becoming 

dominant. When compared in terms of its impact on greenhouse gas emissions, oil 

consumption, urban air pollution and the associated societal costs, one fuel stands  out: 

hydrogen.
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7. Marketing and Education Plan
Get independent! – is our slogan.

The marketing strategy will be based on the relatively new concept of personal 

independence. We assume our potential customers will be people from 24 to 60 years, which 

can be then subdivided into two groups before and after 40 years. For the youngest people 

the novelty, independence and economical aspect are more important. Whereas, for older 

people we propose to use the approach based on environmental benefits and energy 

independence. We developed a marketing strategy relying on the prior values of every group.

Our marketing strategy will be divided into two directions to properly address the 

consumer needs. Each direction will be focused on the appropriate actions for gaining and 

keeping a customer base by initial introduction of fleet vehicles and eventual marketing our 

fuel to the everyday driver.

Get independent! Not only from foreign oil, but from our debt of nature.

On an individual basis we will propose hydrogen cars – cleaner, cheaper and 

independent.

On a company level – cost-saving green back-up systems and the systems for 

materials handling.
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