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Executive Summary 
The emission of greenhouse gases has brought a different point of view to 

humans. Greenhouse gases contribute to the climate change of our Mother Earth, 
which brings to the problem of water crisis and food crisis. According to the rationale 
for the “4 Degrees and Beyond International Climate Conference”, "Despite 17 years 
of negotiations since the 1992 Rio Earth Summit, global greenhouse gas emissions 
have continued to rise. Since 2000 the rates of annual emissions growth have 
increased at rates at the upper end of the IPCC scenarios, presenting the global 
community with a stark challenge: either instigate an immediate and radical reversal 
in existing emission trends or accept global temperature rises well beyond 4°Celcius." 

 
In order for the global society to meet the challenges of climate change, the 

greenhouse gases emission must be reduced immediately. Today, we have already 
reached an increase in the climate of approximately 1.7F° since the early 20th century. 
As we all know, transportation sector is one of the sector that contributes almost a 
quarter to all greenhouse gas emission. In the report “The Energy Evolution” issued 
by the National Hydrogen Association in 2008, one way to significantly reduce 
emissions in the transportation sector is to increase the number of hydrogen fuel cell 
vehicles on the road. Apart from the emission of greenhouse gases, population growth, 
energy shortage and the rising in oil prices also makes the usage of hydrogen a must. 

 
In this competition, we are asked to identify possible hydrogen production and 

design a fueling location map for the northeastern part of the United States of 
America. The states included in this competition are Connecticut, Delaware, District 
of Columbia, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New 
York, Pennsylvania, Rhode Island, Vermont and Virginia. Apart from that, we are 
also required to include big cities in the northeastern part such as (DC, Philadelphia, 
Boston and New York). 

 
Our main idea and intention of this competition is to transform the fuel usage for 

vehicles of the whole northeastern area of United States into hydrogen power. We will 
then promote the idea of the usage of hydrogen to the whole United States in order to 
reduce the emission of greenhouse gases rapidly. Based on this concept, we will place 
the hydrogen fueling system according to the following: 
 
(a) Main roads of cities/towns/counties (According to the efficiency of FVCs in 
United States) 
(b) Neighborhood usage 
(c) Substitution of petrol stations 
   

In other to successfully develop a useful and energy efficient hydrogen 
production and fueling growth, we have decided on a weighing scheme. Based on the 
weighing scheme, we are able to decide on the pros and cons of each state and 
overcome them in order to successfully transform the states into fully hydrogen using 
states. 
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Criteria Development  
 Hydrogen usage in transportation for the United States is still not very developed 
although United States is already the biggest hydrogen usage country in the world. To 
develop Hydrogen, it is important to consider a few criteria that would bring some 
impact to our Mother Earth. Hence, we developed a complete weighting scheme for 
both hydrogen fueling locales and hydrogen sourcing stations as we feel that the 
stations withheld almost the same needs for their development. 
 
Hydrogen Sourcing and Fueling Locales Weighting Scheme 
 

 
Regional Population Density (20%)  
Population density determines the demand of hydrogen. As our future expectation is 
to develop all petroleum stations of the whole northeastern area of United States into 
hydrogen fueling stations, we will determine the development of the Hydrogen 
fueling stations of each state through the population density. Hydrogen fueling 
stations of states with high population density will be developed first than the states 
with lower population density. We believe that population plays the actual benefits of 
carbon reduction. As for the sourcing locales, since hydrogen is a highly combustible 
substance, regardless of safety considerations; hydrogen producing stations will be 
more suitable in areas where population density is low. 
 
Intersection of Highways or Main Roads (20%) 
This criterion will also decide for the order of development of hydrogen fueling 
stations. As the shorter the distance from highways to main roads or main roads to 
branch roads, it will be easier for transportation of hydrogen from the source to the 
fueling stations. This will also fulfill the needs of vehicles which travel long distances. 
Placing the sourcing locations at the intersections of highways or main roads is a key 
to reduce unnecessary journey during transportation of hydrogen and can reduce the 
cost of hydrogen transportation. 

Criteria Content Weightage (%) 
Population Density Regional Population Density 10 10 

Transportation 
Factor 

Intersection of Highways or Main 
Roads 25 

15 

Distance To Fueling Stations/ 
Distance from source 10 

Cost Factors 
Economic Capacity 

35 
20 

Regional Electricity Price 10 
Regional Water Price 5 

Land Availability Useable land (non-protected) 10 10 

Weather Green Grid 20 10 
Precipitation 10 

 Total 100 
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Distance from Source/ Distance to fueling station (20%) 
Appropriate distance from hydrogen sourcing station to fueling locales and vice versa 
can effectively reduce the cost of transportation of hydrogen and strengthens the 
continuous timely supplies of hydrogen. 
 
Traffic Density (10%) 
Through studies, it is clear that transportation accounts for 31% of the country's total 
carbon dioxide emissions. The intensive use of hydrogen to replace petroleum will 
surely accelerates achievement to national carbon reduction policy. The traffic density 
for the sourcing station should however, be low for safety reasons. 
 
Economic Capacity (20%) 
States’ financial capacity is important in promoting hydrogen. The price of Hydrogen 
will be influenced by the economic plan of each state, including taxes and financial 
support for hydrogen. Insufficient of financial resources from the states will bring 
serious impact to the hydrogen market as it will influence the price of hydrogen and 
the attitude of the people towards hydrogen. 
 
Usable Land (non-protected) (10%) 
As United States is a very crowded place, we included non-protected usable land into 
our criteria development. Since that our direction is to reduce carbon emission, we do 
not encourage new hydrogen infrastructures on primeval forest or protected areas if 
there is any need for new hydrogen stations to be built other than those that replace 
existing petrol stations. 
 
Regional Electricity Price  
Hydrogen production via electrolysis is a long term effort to green and sustainable 
future. The energy input for electrolysis is basically electricity. Hence, the price of 
electricity of each state is proportional to the price of hydrogen. 
 
Regional Water Price 
Large amount of water is needed for electrolysis. Water source can be obtained by 
different means but a continuous supply would be important. Therefore, water price 
will affect the price of hydrogen. Apart from that, we believe that hydrogen 
production through biomass will be a new trend in the future. 
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Green Grid  
We would prefer that our whole system can be driven by renewable resources. 
Therefore, states with green grid gains additional marks. 
 
Precipitation 
Since water is the source for the production of hydrogen, high precipitation areas will 
be preferable as it consolidates the raw sources of hydrogen. 
 

We came out with this idea of replacing all gas stations with hydrogen fueling 
stations because a gas station is installed at a point to provide and fulfill the 
requirement of transportation fuel. Of course, the size of hydrogen fueling station 
must have the hydrogen storage capacity which is equivalent to current petrol storage 
based on effective distance travelled per unit volume conversion of fuel cell vehicles 
available in United States nowadays. This weighting scheme is planned with serious 
consideration of both the needs of hydrogen fueling and sourcing. As we plan to 
develop both on-site and off-site production, we believe that this scheme will be more 
than enough to evaluate a locale for its suitability to act as a fueling or sourcing 
locale. 
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Evaluation of locales 
  
Evaluation of hydrogen sourcing and fueling locales for each state 
  Population 

Density Transportation Factor Cost Factors Land 
Availability Weather 

TOTAL Regional 
Population 
Density 

Intersection 
of Highways 
or Main 
Roads 

Distance To 
Fueling 
Stations 

Economic 
Capacity 

Electricity 
Price 

Water  
Price 

Useable land 
(non-protected) 

Irradiance  
(800 W/m2) Precipitation 

 10% 15% 5% 20% 15% 5% 10% 10% 10% 100% 
Maine 3 5 4 6 9 4 0 6 2 40 
New 
Hampshire 3 10 12 8 1 4 0 6 2 46 

Vermont 3 5 4 8 9 5 3 4 2 43 
Rhode Island 1 5 4 8 3 5 3 6 10 45 
Massachusetts 1 10 12 14 0 1 3 8 10 59 
Connecticut 9 5 12 19 0 2 0 6 10 63 
New York 9 15 8 14 15 3 3 6 2 75 
New Jersey 1 10 12 14 3 3 3 10 10 66 
Pennsylvania 3 15 8 6 15 3 3 8 2 63 
Delaware 9 5 15 19 9 5 9 8 6 85 
Maryland 9 10 12 14 9 3 9 8 2 76 
Virginia 1 10 12 14 15 1 3 6 2 64 
*City/State Development Directions is important in promoting hydrogen but the statistics are not available. 
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Maine (Total mark: 40) 
Maine has a population density of 16.62/km2 (the lowest among the 12 states) and the 
major highway to and from is Interstate-95. Transportation route is very important to 
the transportation of hydrogen; relatively speaking, this state is not suitable to be a 
hydrogen sourcing station. Maine ranked 38 in GDP per capita, and on the one hand, 
Maine has more than 90% of forest land which its availability to be developed is 
limited. Maine’s regional electricity price is 8.89 and the water price is 3.28. 
 
New Hampshire (Total mark: 46) 
New Hampshire has a population density of 56.8/km2, 4 major highways (I-89, I-91, 
I-93, and I-95), and ranked 22 in GDP per capita. Yet, New Hampshire has the same 
situation with Maine, which also accounted for about 85% of the forest land. New 
Hampshire’s regional electricity price is 12.37 and the water price is 3.31. 
 
Vermont (Total mark: 43) 
Vermont has a population density of 26.15/km2, the lowest population count among 
the twelve states. It has 2 interstate highways (I-89 and I-91) and ranked 30 in GDP 
per capita. Vermont’s regional electricity price is 9.82 and the water price is 1.07. The 
water price is the lowest among all states. 
 
Rhode Island (Total mark: 45) 
Rhode Island has a population density of 388/km2, 2 interstate highways (I-95 and 
I-295). Rhode Island ranked 26 in GDP per capita. Rhode Island’s regional electricity 
price is 11.55 and the water price is 2.90. 
 
Massachusetts (Total mark: 59) 
Massachusetts has high population density of 324.4/km2, 8 interstate highways (I-84, 
I-90, I-91, I-95, I-190, I-290, I-395, I-495) can be regarded as a traffic developed state. 
Massachusetts’ GDP per capita ranked third among 12 states, accounted for 2.6% of 
the national GDP and 6th in the nation. Massachusetts has solar green grid which 
provide 74.6MWP. Massachusetts’s regional electricity price is 13.23 and the water 
price is 6.55. Both the electricity and water price of this state is considered as high. 
 
Connecticut (Total mark: 63) 
Connecticut has a population density of 285.4/km2, 4 interstate highways (I-84, I-91, 
I-95 and I-395). Connecticut has GDP per capita of 64,833 dollar (2nd place among 12 
states), contributed 4% to the national GDP. Connecticut also has a full year rainfall 
of 50.3 inches. Connecticut’s regional electricity price is 13.78 while its water price is 
5.13. The electricity price of Connecticut is high. 
 
New York (Total mark: 75) 
New York has population density of 159.2/km2 and 18 interstate highways, which can 
be said as the most heavy traffic state among 12 states. New York ranked 7 in GDP 
per capita and accounted 7.68% of the national GDP. New York also has solar green 
grid which provide 123.8MWP. New York has a regional electricity price of 7.80 and 
a water price of 4.53. 
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New Jersey (Total mark: 66) 
New Jersey has a population density of 459/km2 (highest among12 states), 7 interstate 
highways. New Jersey has GDP per capita of 56,477 dollar (ranked 8) and accounted 
3.42% of the national GDP. New Jersey also has solar green grid which provide 565.9 
MWP (ranked first among 12 states). New Jersey has a regional electricity price of 
11.17 and a water price of 4.53. 
 
Pennsylvania (Total mark: 63) 
Pennsylvania has a population density of 109.8/km2, 13 interstate highways. 
Pennsylvania has GDP per capita of 45,323 dollar (ranked 25 and regarded as low), 
contributed 3.97% of the national GDP. Pennsylvania also has solar green grid which 
provide 133.1MWP. Pennsylvania has a regional electricity price of 7.56 and a water 
price of 4.80. 
 
Delaware (Total mark: 85) 
Delaware has a population density of 179.3/km2 and one interstate highway (I-95). 
Delaware has GDP per capita of 69,667 dollar (ranked first among 12 states), 
accounted 0.43% of the national GDP and ranked second in GDP per capita. 
Delaware also has solar green grid which provide 26.5MWP.Moreover, Delaware 
there are a lot of advantages, and is free to impose taxes, which can be easier to 
promote the development of hydrogen energy. Apart from that, there is actually only a 
20% of state land which are highland. Delaware has a regional electricity price of 2.97 
and a low water price of 2.97. This state has a high potential to be developed as a 
hydrogen sourcing locale. 
 
Maryland (Total mark: 76) 
Maryland has a population density of 230.2km2, 6 interstate highways (I-68, I-78, I-83, 
I-95, I-270, and I-795). Maryland has GDP per capita of 53463 dollar (ranked 13) and 
accounted 2.07% of the national GDP. Maryland has 105 days of sunshine on average, 
suitable for solar electricity production and providing 37.1MWP from solar green grid. 
Maryland has a regional electricity price of 9.02 and a water price of 4.92. 
 
Virginia (Total mark: 64) 
Virginia has a population density of 79/km2, 7 interstates highways (I-64, I-66, I-77, 
I-81, I-85, I-95 and I-295). Virginia has GDP per capita of 53463 dollars (ranked 9) 
contributed 2.95% of the national GDP. Virginia has a regional electricity price of 
6.68 and a high water price of 7.31. 
 

In deciding the development of hydrogen sourcing and fueling locales, these 
marks for each state actually decides the timeline of development. The higher the 
marks each state scored, the lesser the problem there is in the state that needs to be 
overcome in the placing of both hydrogen production and sourcing stations.  
 

The development of hydrogen energy is still a step back for all human as the 
techniques of hydrogen production is still fresh and under big construction. For the 
development of hydrogen in this competition, our group managed to identify two 
hydrogen sourcing ways that has a higher efficiency compared to others. The details 
of the development and usage of both ways will be described in the following section. 
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According to the evaluation of the states in the above section, the development of 
the fueling locales of each state will be as following: 

 
1. Delaware 
2. Maryland 
3. New York 
4. New Jersey 
5. Virginia 
6. Connecticut 
7. Pennsylvania 
8. Massachusetts 
9. New Hampshire 
10. Rhode Island 
11. Vermont 
12. Maine   

 
 We will develop five hydrogen sourcing stations in these three stages of 
hydrogen development. The hydrogen sourcing stations will be placed at Delaware, 
Maryland, Virginia, Pennsylvania and New Jersey. The development of sourcing 
station for the hydrogen adoption period is Delaware while the sourcing stations at 
Maryland and New Jersey would be developed during the growing market penetration 
period. Both sourcing stations of Virginia and Pennsylvania will be developed and 
functioning during the mass commercialization period of hydrogen. The sourcing 
station at Delaware will temporally act as primary hydrogen research center to 
improve and test run hydrogen technologies for further usage during the adoption 
period and start to function as a providing station during the market penetration 
period.  
 
 Here is a list of gas stations that we would like to convert into hydrogen fueling 
stations during the first and second period of development. The stations would be 
using the P-16 system which can provide up to 23 fuel-cell vehicles when operating 
for 8 hours a day. We believe that it is more than sufficient to provide for the needs of 
fuel-cell vehicles in Northeastern United States. 
 

1.  Mobil 101 Bangor  Street  Augusta,ME04330,US 

2.  Irving 262 Western Avenue Augusta,ME 04330,US 

3.  Mobil 1930 Lisban St Lewiston,ME 04240,US 

4.  Mobil 841 Lisbon Street  Lewiston,ME 04240,US 

5.  Mobil 1 Portland road Gray,ME 04039,US 

6.  Mobil Mile 57 Northbound Gray,ME 04039,US 

7.  Mobil 47 Main Street Westbrook,ME 04092,US 

8.  Mobil 230 US Rt 1 Scarborough,ME 04074,US 

9.  Shell 337 North Street Saco,ME 04072,US 

10.  Sunoco 61 Main St.Kennebunk,ME 04043,US 

11.  Mobil 718 Post Rd Wells,ME 04090,US 

12.  Mobil 519 U.S.1 York ,ME 03909,US 
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13.  Mobil U.S.1Kittery,ME 03904,US 

14.  Mobil 1980 Woodbury Avenue Portsmouth,NH 03801,US 

15.  Shell 786 U.S.1 Portsmouth,NH 03801,US 

16.  Mobil 70 Lafayette Rd North Hampton ,NH 03842,US 

17.  Mobil 280 Lafayette RdHampton,NH 03842,US 

18.  BP 663 Lafayette Rd Seabrook,NH 03874,US 

19.  Mobil 66 Main Street Salisbury,MA 01952,US 

20.  Mobil 76 storey Avenue Newburyport,MA 01950,US 

21.  Mobil 1 Central Street Georgetown,MA 01833,US 

22.  Mobil 425 Newbury Street Danvers,MA 01923,US 

23.  Sunoco 140 Andover Street Danvers,MA 01923,US 

24.  Mobil Newbury Street Danvers,MA 01923,US 

25.  Mobil 596 Salem Street Lynnfield,MA 01940,US 

26.  Shell 356 Lowell Street Wakefield,MA 01880,US 

27.  Mobil 4 West Street Reading,MA 01867,US 

28.  Mobil 880 Main Street Woburn,MA 01801,US 

29.  Shell 140 Cambridge Street Burlington,MA 01803,US 

30.  Shell 61 Middlesex Turnpike Burlington,MA 01803,US 

31.  Shell 293 Cambridge Road Woburn,MA 01801,US 

32.  Sunoco  69 Fellsway West Medford,MA 02155,US 

33.  Mobil 2615 Massachusetts Avenue Cambridge,MA 02140,US 

34.  Sunoco 266 Massachusetts Avenue Cambridge,MA 02139,US 

35.  Shell 332 Chestnut Hill Avenue Brighton,MA 02125,US 

36.  Sunoco 1250 Boylston Street Boston,MA 02215,US 

37.  Shell 52 Meridian Street,EastBoston,MA 02128,US 

38.  Sunoco 286 Lincoln Street Lexington,MA 02421,US 

39.  Mobil 1335 Main Street Waltham,MA 02453,US 

40.  Shell 875 Highland Avenue Needham,MA 02494,US 

41.  Mobil 397 Great Plain Avenue Needham,MA 02492,US 

42.  Shell 885 East Street Dedham,MA 02026,US 

43.  Shell 731 Washington Street Canton,MA02021,US 

44.  Mobil 123 Central Street Foxboro,MA 02035,US 

45.  BP 63 South Washington Street North Attleborough,MA 
02760,US 

46.  Shell Lathrop Road Attleboro,MA 02703,US 

47.  Mobil 1249 Newport Avenue Attleboro,MA 02703,US 

48.  Shell 5 Elmwood Avenue Providence,Rhode Island 02907,US 
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49.  Mobil 389 Elmwood Avenue Providence,RI 02907,US 

50.  Shell 1036 Reservoir Avenue Cranston,RI 02907,US 

51.  Mobil 92 New London Turnpike West Greenwich,RI 02817,US 

52.  Sunoco 100 Nooseneck Hill Road Exeter,RI 02822,US 

53.  Mobil 560 Providence New york Turnpike North Stonington,CT 
06359,US 

54.  Shell 66 Whitehall Avenue Mystic,Connecticut 06355,US 

55.  Shell 820 Poquonnock Road Groton,CT 06340,US 

56.  Mobil 382 Vauxhall St New London,CT 06320,US 

57.  Mobil Boston Post Rd Waterford,CT 06385,US 

58.  Mobil 87 West Main Street Miantic , CT 06357,US 

59.  Mobil 399 Boston Post Road Old Saybrook,CT 06475,US 

60.  Mobil 198 Essex Road Westbrook,CT 06498,US 

61.  Shell 115 High Street Clinton,CT 06413,US 

62.  Mobil Interstate 95 Madison,CT 06443,US 

63.  Shell 490 Boston Post Road Guilford,CT 06437,US 

64.  Mobil 48  Leetes Island Road Branford,CT 06405,US 

65.  Mobil 108 North Main Street Branford,CT 06405,US 

66.  Sunoco 80 Frontage Road East Haven,CT 06512,US 

67.  Shell 1228 Quinnipiac Avenue New Haven,CT 06513,US 

68.  Shell 658 Campbell Avenue West Haven,CT 06516,US 

69.  Shell 340 Boston Post Road Orange,CT 06477,US 

70.  Shell 524 New Haven Avenue Milford,CT 06460,US 

71.  Shell 915 North Avenue Bridge Port,CT 06606,US 

72.  Mobil 3691 Main Street Brideport,CT 06606,US 

73.  Shell 1139 post road Fairfield,CT 06824,US 

74.  Mobil 558 Riverside Avenue Westport,CT 06880,US 

75.  Mobil 1-95 Connecticut Tpke(east) Darien,CT 06820,US 

76.  Mobil Darien Close,Darien,CT 06820,US 

77.  Mobil 1129 East Putnam Avenue Greenwich,CT 06830,US 

78.  Shell 401 west Putnam Avenue Greenwich,CT 06830,US 

79.  Sunoco 780 West Putnam Avenue Greenwich,CT 06830,US 

80.  BP 1.Boston Post Road Rye,NY 10580,US 

81.  Sunoco 71 Hugelenot Street New Rochelle,NY 10801,US 

82.  BP 3804 Boston Road Bronx,NY 10461,US 

83.  BP 3055 Westchester Avenue Bronx,NY 10453,US 

84.  Mobil 1198 East Tremont Avenue Bronx,NY 10460,US 
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85.  BP 1740 Jerome Avenue Bronx,NY 10453,US 

86.  BP 1480,Bergen Blvd Fort Lee,NJ 07024,US 

87.  Sunoco 75 U.S. 46 Palisades Park,NJ 07650,US 

88.  BP 8012 Tonnelle Avenue North Bergen ,NJ 07047,US 

89.  BP 1320 Paterson Plank Road Secaucus,NJ 07094,US 

90.  BP 808 Communipaw Avenue Jersey City,NJ 07304,US 

91.  Shell 545 Rahway Avenue Elizabeth,NJ 07202,US 

92.  Shell 9 Lafayette Street Carteret,NJ 07008,US 

93.  BP 185 French Street New Brunswick,NJ 08901,US 

94.  BP 534 Cranbury Road East Brunswick,NJ 08816,US 

95.  Shell 153 Prospect Plains Road Monroe Twp,NJ 08831,US 

96.  Shell 602 Lalor Street Trenton,NJ 08611,US 

97.  Sunoco 156 U.S 130 Bordentown Township,NJ 08505,US 

98.  Shell 1040 Bordentown Road Burlington Township,NJ 
08016,US 

99.  Sunoco 12291 Academy Road Philadelphia,PA 19154,US 

100.  BP 9998 Frankford Avenue Philadelphia ,PA 19114,US 

101.  BP 5801,Oxford Circle Philadelphia,PA 19149,US 

102.  BP 2040 North Broad Street Philadelphia,PA 19121,US 

103.   2175-2199 Welsh Road Philadelphia,PA 19115,US 

104.  BP 1850 South Christopher Columbus Boulevard 
Philadelphia,PA 19148,US 

105.  Sunoco 2601 Penrose Avenue Philadelphia ,PA 19145,US 

106.  BP 1258 Macdade Boulevard Collingdale,PA 19023,US 

107.  BP 614 Macdade Boulevard Milmont Park,PA19033,US 

108.  BP 2049 Chichester Avenue Bwthuyn,PA 19061,US 

109.  BP 201 South Heald Street Wilmington ,DE 19801 ,US 

110.  BP 400 Martin Luther King Boulevard Wilmington,DE 
19801,US 

111.  BP 601 North Pupont Highway Newcastle,DE 19720,US 

112.  Shell 1148 Christiana Rd Newark,DE 19713,US 

113.  BP 121 Elkton Road Newark,DE 19711,US 

114.  BP 1001 Pulaski Highway Havre de Grace,MD 21078,US 

115.  BP 804 West Bel Air Avenue Aberdeen,Maryland 21001,US 

116.  BP 1327 Policy Drive Belcamp,MD 21017,US 

117.  BP 1712 Pulaski Highway Edgewood,Maryland 21040,US 

118.  BP 8809 Belair Rd Baltimore,MD 21236,US 

119.  Shell 6321 Kenwood Avenue Rosedale,MD 21237,US 
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120.  Sunoco 909 Dundalk Avenue Baltimore,MD 21224,US 

121.  BP 1465 key Highway East Baltimore ,MD 21230,US 

122.  Shell 1517 South Caton Avenue Baltimore,MD 21230,US 

123.  BP 5816 Washington Boulevard Elkridge,MD 21075,US 

124.  Shell 7894 Washington Boulevard Elkridge,MD 21075,US 

125.  BP 8810 Washington BoulevardJessup,MD 20794,US 

126.  Shell 703 Washington BoulevardLaurel,MD 20707,US 

127.  BP 9667 Baltimore Avenue College Park,MD 20740,US 

128.  BP  8153 Baltimore Avenue College Park,MD 20740,US 

129.  BP 2420 NY Avenue Northeast Washington ,DC 20002,US 

130.  Shell 1601 New York Avenue Northeast Washington,DC 
20002,US 

131.  BP 400 RI Avenue Northeast Washington,DC 20002,US 

132.  BP 306 RI Avenue Northeast Washington,DC 20001,US 

133.  BP 1317 9th Street Northwest Washington,DC 20001,US 

134.  BP 1301 13th Street Northwest Washington,DC 20005,US 
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Some of the examples of the locales distribution and development will be as 
shown in the maps as following. Due to the time taken for the development and the 
amount of hydrogen needed for all fuel cell vehicles, we will start with developing 
hydrogen stations around the road I-95 so that the four main cities (New York, 
Pennsylvania, Boston and Washington D.C.).   
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Hydrogen Technologies (Production, Transmission, Storage and Dispense) 
Hydrogen can be derived from a variety of sources and methods. Natural Gas 

Reforming may be the most effective way currently, but taking carbon cost into 
account, we think that this is not an ideal way for sustainable hydrogen production. 
Hence, a sustainable, green promising way to hydrogen production is by 
renewable-powered electrolysis and Biological hydrogen production. There’s no 
doubt that electrolysis is less efficient than a direct chemical path but it offers no 
pollution to the environment. 
 

To achieve a suitable on-site hydrogen production and fueling station, 
low-temperature water electrolysis is used in our development as it takes up relatively 
small space which makes it easier for any changes need to me made on the existing 
gas station. Furthermore, coming along with the mature technologies on renewable 
power system that has been developed by our university, solar and wind energy can 
be integrated at on-site fueling stations for a greener and sustainable hydrogen era. 
 

However, on-site hydrogen production has its own limits due to the amount of 
hydrogen produced if compared to off-site production. Hence, we decided that all 
stations should have on-site hydrogen production facilities. However, to cope for the 
big amount of hydrogen needed in the future, off-site production stations will still be 
built. Hydrogen is transported to each station through tube trailers. We will make sure 
the storage of each station is sufficient for all fuel-cell vehicles throughout all stages. 
 

From DI-water alkaline electrolyte, electrolysis gives out high purity of 
hydrogen, but a polymer film is used to further enhance the purity of our hydrogen 
outputs. Polymer film hydrogen purification has no moving components, simple 
operating and maintenance procedure, fits to different scale and high recovery rate. 
Although high corrosive aqueous solution in alkaline electrolyzers could be a problem 
for electrolyte management, but overall performances and system costs are able to 
meet our expectations. Furthermore, Polymer Electrolyte Membrane (PEM) is a better 
choice for on-site electrolysis as PEM can produce 500cc/min of 99.99% pure 
hydrogen by driving 220V into the system. 
 

On the other hand, we also included Anaerobes in hydrogen production for the 
future as anaerobes can convert hydrogen energy from organic waste sludge 
effectively. Anaerobes converts waste into energy and can be produce daily with a 
world recorded high rate. We believe that it would be an important technique in 
reducing carbon emission in the future as it is a sustainable energy production with a 
very low cost and can reduce waste effectively. 

 
To produce a high rate of hydrogen with anaerobes, we developed a 

carrier-induced granular sludge bed (CIGSB) bioreactor. This is able to significantly 
enhance Hydrogen-producing efficiency by gaining a high biomass concentration of 
up to 26g VSS/I even when it was operated at a low hydraulic retention time (HRT). 
The CIGSB system attained excellent Hydrogen production performance under high 
hydraulic feeding rates. This work has been proven to be able to improve the mixing 
efficiency of CIGSB for better biomass-substrate contact by adjusting the height to 
diameter (H/D) ratios of the reactor and by implementing appropriate agitation device. 
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The advent of innovative Hydrogen energy technologies makes Hydrogen more 
applicable. To increase a more efficient hydrogen production, a continuously stirred 
tank reactor (CSTR) has been used for dark Hydrogen fermentation process. The 
CSTR system allows good mass transfer efficiency via rigorous mixing. The 
operational stability of CIGSB system at low HRT also greatly improved when the 
agitation was used. The biohydrogenation performance from this study is much better 
than those reported in other comparable processes. 
 

In order for the anaerobes to function, we suggest to build the hydrogen 
production stations just beside waste water factories in US as it reduces the cost of 
transportation and can produce a very large amount of hydrogen based on the 
efficiency of anaerobes. Besides producing hydrogen, this benefits the state as we 
solve the problem of waste water by giving it a renewable usage of being used as 
fertilizer after being processed by the anaerobes. This way of producing hydrogen can 
be used off site or on site of the hydrogen fueling station. 
 

For hydrogen transmission, trucks, tube trailers, cryogenic tankers and pipelines 
are under our consideration. Apart from gaining hydrogen from main fueling stations 
(off-site electrolysis and anaerobes), we also suggest to have small scale production 
within neighborhoods for a certain amount of small vehicles or residents that need 
fuel for short distance travelling.  

 
Hydrogen is compressed, stored in type IV steel cylinder-shaped tanks. The 

SmartFuel H70/H35 hydrogen dispensers are able to provide 5,000 psi or 10,000 psi 
(also called H35 and H70) hydrogen gas. SmartFuel H70/H35 hydrogen dispenser has 
additional safety features which increase the convenience of customers. A driver fills 
a vehicle by entering a PIN on the dispenser and attaches the nozzle to the vehicle. 
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Development timeline  
The development of hydrogen is due to the need of people for a clean and 

environmental-friendly energy source. The government plays a very important role in 
the development of this particular energy source as it requires a certain level of 
technology and still is in its developing period. In this development timeline, we try to 
evaluate the need of the United States’ government and its people so that all may 
participate in the development of this Eco-friendly energy. The evaluation of this 
timeline is also based on the economic capacity of the people. 

 
In the early adoption period, we will be focusing on the development of fueling 

stations for big cities of the United States: Washington, Philadelphia, New York and 
Boston. The whole development process depends on regional familiarity towards 
hydrogen, regional demand and also the policy support from government. From the 
given data of number of FCVs and hydrogen consumption, we subdivide into several 
fractions; restricting adoptions are only allowed in four focused metropolitan areas 
during the early adoption period. This applies a positive demand within contiguous 
areas. These stations will have on-site production of hydrogen.  

 
As hydrogen needs will increase with time, we plan to develop one off-sites 

sourcing station at Delaware to temporally act as primary hydrogen research center to 
improve and test run hydrogen technologies for further usage. This period will be 
from the year of 2013 to 2015. The estimated growth of fuel cell vehicle during this 
period will be from 40 to 1,000. 

 
The development of hydrogen station during this period will be basically focused 

on the four big cities. We plan to build one P-16 hydrogen fueling station at the center 
of each city as the first step of development. Next, all the hydrogen fueling stations 
will be developed in a circular way, surrounding the first P-16 fueling station. The 
type and number of stations built will be decided by the development of fuel-cell 
vehicles in the cities. All the stations will have on-site electrolysis hydrogen 
production during this period of development.  

 
This figure shows the P-8 and P-16 electrolyzer system that we plan to imitate.  
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During the growing market period (year 2015 to 2020), the estimated growth of 

fuel cell vehicles will increase from 1,000 to 300,000. We believe the technology of 
fuel cell vehicles will improve with a rapid speed during this period of development. 
All the placing of fueling stations in this period of development will be decided 
through the weighting scheme that we developed. Conversion of gas stations at the 
center/ main town of each state and stations that surround the main road of I-95 would 
come first, followed by the gas stations at the secondary cities of each state. To satisfy 
the hydrogen needs in this period, two more off-site hydrogen sourcing stations will 
be built at Virginia and Maryland. The first sourcing station at Delaware, which is 
built during the first period of development, will function as a sourcing station starting 
at this stage, putting all the previous experiments and findings of hydrogen production 
into use. A full tube trailer route for the transportation of hydrogen will also be 
designed to ensure the safety of delivery and to reduce cost of transportation.  

 
To fulfill the needs of fuel-cell vehicles during this period, we would need to 

provide enough hydrogen. The centralized hydrogen wouldn’t be able to satisfy all 
needs of hydrogen during this period of development. We need both centralized and 
distributed hydrogen to achieve a full hydrogen supply system. Although the price of 
both ways of producing and selling hydrogen comes with a different cost, we would 
achieve a balanced price so that it fulfills the needs of our customers.  

 
The next period would be the beginning of mass commercialization of hydrogen 

in the Northeastern area of United States. During this period, our aim is to convert 
most of the gas stations into hydrogen fueling stations so that the Northeastern area of 
United State can be developed into a hydrogen transportation area and that the fueling 
stations are able to supply enough hydrogen to over 500,000 fuel cell vehicles. To 
achieve this goal, another two more hydrogen sourcing stations at Pennsylvania and 
Virginia is built. Upgrades of the old hydrogen production centers will be needed 
during this period to fulfill the rapid increase in needs of hydrogen usage. Apart from 
that, tube trailers alone might be insufficient for the hydrogen transportation during 
this period. We would include cryogenic tankers and start to develop hydrogen 
transportation pipelines. Pipelines are a safer and more cost cutting way to transport 
hydrogen. However, it is expensive and takes a longer time to develop. Hence, we 
decided to include it in this period as we will achieve a return in most of the 
investment of the capital during this period of development. New and mature 
hydrogen production technology, if available, would also be included in the sourcing 
at this stage. 

 
During this stage, hydrogen production should achieve a high volume and the 

mass commercialization would help in reducing the price of hydrogen effectively. We 
hope to bring down hydrogen into an everyday energy product, just like petroleum’s 
role in our life nowadays. A successful development planning and marketing 
penetration is important to achieve our goal.       
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The following maps show the different stages of development for each Urban 
Hub (New York, Philadelphia, Washington, DC and Boston). The early adoption 
period is marked in red, the growing market period in blue and the mass 
commercialization period in green. All these evaluation of development is based on 
the population and road estimation of the cities. 

 
 
 

 
 
 
 
 
 

 
 
 
 
 

 



20 
 

The following map will show the period of development of the hydrogen 
coverage in Northeastern United States. The red part will be the part that covers the 
early adoption period, the blue part would be the growing market penetration and the 
third part will present the mass commercialization period of hydrogen in the 
Northeastern part of United States. 
 

 
 
 As needed in the competition, we would develop the parts where the I-95 road is 
placed first to allow transportation for the four main Urban Hub (Washington DC, 
Philadelphia, New York and Boston). The penetration of hydrogen market will work 
its way into the remaining main land of the Northeastern part of United States.  
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Cost and Economics  
Electricity and water is the major component in hydrogen production. Before 

entering the models of hydrogen cost, some assumptions are needed. The cost for 
electricity is extrapolated from Energy Information Administration (EIA) where the 
growth of electricity is more on a national level than state or regional level. The same 
method is used on the cost for water but due to lack of information, tariffs found are 
assumed to be the same for the whole state and figures are weighted to their 
respective weight. This median-average assumption results a baseline for large region 
hydrogen production and of course, these figures included taxes, subsidization, 
inflation rate and etc, but each component’s respective percentage remains unknown. 
We characterize our final cost estimates as being in 2013 dollars. 

 
The following graphs show the estimation of price of water and electricity in the 

following years. All details of the table are in tables, please refer to appendix. 
 

 
 
 In this table, there is a shift in the estimation of price of industrial water as that is 
the time where the adoption period starts. The price is affected as there is no off-site 
hydrogen sourcing station during this period of development. In the meantime, the 
price of the commercial water is still the same as the on-site hydrogen fueling stations 
developed at this stage uses commercial water for electrolysis to produce hydrogen.  
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We are developing both on-site distributed and off-site centralized hydrogen 
production. Since we are replacing existing gas stations with hydrogen fueling 
stations, capital cost for fueling stations excludes cost of land.  
 

 
 

The cost component for distributed production of hydrogen is as following: 
electricity 96.76%, feedstock 0.13%, fixed O&M 2% and other variable costs 1.1%. 
The basic cost for distributed production of hydrogen is around $7/kg. On the other 
hand, the cost component for centralized production of hydrogen is: Capital cost 
7.06%, electricity 64%, feedstock 0.13%, fixed O&M 0.42%, transmission 28.22% 
and other variable cost 0.14%. The basic cost component for centralized production of 
hydrogen is $7/kg. 

 
All electrolysis systems will benefit from a reduction in capital cost as the 

hydrogen economy grows and these systems are mass produced, but the smaller 
systems will benefit the most, as the largest percentage of their hydrogen cost 
contribution comes from capital costs. 
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Price 
The following table shows the basic components that contribute to the price of 
hydrogen.  The price component for distributed production of hydrogen includes: 
production cost 61.28%, capital cost 23.64%, profit 6.13%, fixed O&M 8.75% and 
other variable costs 0.20%. The estimated price of the hydrogen will be $11.42/kg. 
 
The price component for centralized production of hydrogen is: production cost 
82.53%, capital cost 11.65%, profit 3.20%, fixed O&M 2.57% and other variable cost 
0.05%. The price of hydrogen is around $8.59/kg. 

 
 
The following graph is the comparison between the price of gas, distributed and 
centralized hydrogen. 
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Based on the given data on the fuel cell vehicles, we calculated the demands of 
hydrogen and the number of stations that would seem fit to fulfill the demands. 
Year # FCV Demand # Stations 
2013 40 7300 8 
2014 200 36500 16 
2015 1000 182500 24 
2016 4000 730000 39 
2017 15000 2737500 57 
2018 45000 8212500 78 
2019 120000 21900000 102 
2020 300000 54750000 151 
2021 388005. 70810967 202 
2022 970013 177027420 255 
2023 2425033 442568549 324 
2024 3880053 708109679 399 
2025 5820079 1062164520 479 
 
 
 
 
 
According to the calculation, here is a table with the estimation of capital needed to 
fulfill all the demands of hydrogen from the year of 2013 to 2025. 

 
2013 - 2015 2015 - 2020 2020 - 2025 

Fueling 
Stations 

24 127 328 

Sourcing 
Stations 

1 2 2 

Pipeline 
Installation  

0 0 2 

Cumulative 
Fueling  

24 151 479 

Cumulative 
Sourcing 

1 3 5 

Capital ($) 29,000,000 137,000,000 357,571,429 
Cumulative 
Capital ($) 

29,000,000 166,000,000 523,571,429 
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Capital per unit ($) Return per kg ($) 

Distributed 1,000,000 2.7 
Centralized 1,000,000 1.5 
Sourcing 5,000,000 0.5 
 
The calculations are made according to the following: 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡($) ÷ 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 𝑝𝑒𝑟 𝑘𝑔 ($/𝑘𝑔) = 𝑅𝑒𝑡𝑢𝑟𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑘𝑔) 
 

𝑅𝑒𝑡𝑢𝑟𝑛 𝑂𝑛 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 =
(𝑅𝑒𝑡𝑢𝑟𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑘𝑔) − 𝐷𝑒𝑚𝑎𝑛𝑑(𝑘𝑔))

𝑅𝑒𝑡𝑢𝑟𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑘𝑔)
 

 

 
The ROI is based on each station’s relative deployment time but not throughout the 
real time axis. 
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Regulations, Codes and Standards 
 
Gaseous hydrogen systems 
Hydrogen containers shall comply with one of the following: 
-Designed, constructed, and tested in accordance with appropriate requirements of 
ASME Boiler and Pressure Vessel Code, Section VIII - Unfired Pressure Vessels - 
1968, which is incorporated by reference as specified in Sec. 1910.6. 
-Designed, constructed, tested and maintained in accordance with U.S. Department of 
-Transportation Specifications and Regulations. 
-Permanently installed containers shall be provided with substantial noncombustible 
supports on firm noncombustible foundations. 
-Each portable container shall be legibly marked with the name "Hydrogen" in 
accordance with the marking requirements set forth in § 1910.253(b)(1)(ii). Each 
manifolded hydrogen supply unit shall be legibly marked with the name "Hydrogen" 
or a legend such as "This unit contains hydrogen." 
 
Safety relief devices. 
-Hydrogen containers shall be equipped with safety relief devices as required by the 
ASME Boiler and Pressure Vessel Code, Section VIII Unfired Pressure Vessels, 1968 
or the DOT Specifications and Regulations under which the container is fabricated. 
-Safety relief devices shall be arranged to discharge upward and unobstructed to the 
open air in such a manner as to prevent any impingement of escaping gas upon the 
container, adjacent structure or personnel. This requirement does not apply to DOT 
-Specification containers having an internal volume of 2 cubic feet or less. 
-Safety relief devices or vent piping shall be designed or located so that moisture 
cannot collect and freeze in a manner which would interfere with proper operation of 
the device. 
 
Piping, tubing, and fittings. 
-Piping, tubing, and fittings shall be suitable for hydrogen service and for the 
pressures and temperatures involved. Cast iron pipe and fittings shall not be used. 
-Piping and tubing shall conform to Section 2 - "Industrial Gas and Air Piping" - 
Code for Pressure Piping, ANSI B31.1-1967 with addenda B31.1-1969, which is 
incorporated by reference as specified in Sec.  
-Joints in piping and tubing may be made by welding or brazing or by use of flanged, 
threaded, socket, or compression fittings. Gaskets and thread sealants shall be suitable 
for hydrogen service. 
 
Equipment assembly. 
-Valves, gauges, regulators, and other accessories shall be suitable for hydrogen 
service. 
-Installation of hydrogen systems shall be supervised by personnel familiar with proper 
practices with reference to their construction and use. 
-Storage containers, piping, valves, regulating equipment, and other accessories shall 
be readily accessible, and shall be protected against physical damage and against 
tampering. 
-Cabinets or housings containing hydrogen control or operating equipment shall be 
adequately ventilated. 
-Each mobile hydrogen supply unit used as part of a hydrogen system shall be 
adequately secured to prevent movement. 
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-Mobile hydrogen supply units shall be electrically bonded to the system before 
discharging hydrogen. 
 
Marking. 
The hydrogen storage location shall be permanently placarded as follows: 
"HYDROGEN - FLAMMABLE GAS - NO SMOKING - NO OPEN FLAMES," or 
equivalent. 
 
Testing.  
After installations, all piping, tubing, and fittings shall be tested and proved hydrogen 
gas tight at maximum operating pressure. 
 
Location  
-Systems shall be located above ground. 
-Systems shall not be located beneath electric power lines. 
-Systems shall not be located close to flammable liquid piping or piping of other 
flammable gases. 
-Systems near above ground. Flammable liquid storage shall be located on ground 
higher than the flammable liquid storage except when dikes, diversion curbs, grading, 
or separating solid walls are used to prevent accumulation of flammable liquids under 
the system. 
 
Specific requirements 
-The location of a system, as determined by the maximum total contained volume of 
hydrogen, shall be in the order of preference as indicated by Roman numerals in Table 
H-1. 

TABLE H-1 

Nature of location 

Size of hydrogen system 
Less than 
3,000 CF 

3,000 CF to 
15,000 CF 

In excess of 
15,000 CF 

Outdoors I IDI   
In a separate building II II II 

In a special room III III Not 
permitted 

Inside buildings not in a special room and exposed 
to other occupancies IV 

Not 
permitted 

Not 
permitted 

 
The minimum distance in feet from a hydrogen system of indicated capacity located 
outdoors, in separate buildings or in special rooms to any specified outdoor exposure 
shall be in accordance with Table H-2. 
 
The distances in Table H-2 Items 1 and 3 to 10 inclusive do not apply where protective 
structures such as adequate fire walls are located between the system and the exposure. 
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TABLE H-2 

Type of outdoor exposure 

Size of hydrogen system 
Less than 
3,000 CF 

3,000 CF to 
15,000 CF 

In excess of 
15,000 CF 

1. Building or 
structure 

Wood frame construction (1) 
Heavy timber, 
noncombustible or ordinary 
construction(1) 
Fire-resistive construction (1) 

10 
 
 
0 
0 

25 
 
 
10 
0 

50 
 
 
25(2) 
0 

2. Wall 
openings 

Not above any part of a 
system 
Above any part of a system 

 
10 
25 

 
10 
25 

 
10 
25 

3. Flammable 
liquids above 
ground 

0 to 1,000 gallons 
In excess of 1,000 gallons 

10 
25 

25 
50 

25 
50 

4. Flammable 
liquids below 
ground - 0 to 
1,000 gallons 

Tank 
Vent or fill opening of tank 

10 
25 

10 
25 

10 
25 

5. Flammable 
liquids below 
ground-in 
excess of 
1,000 gallons 

Tank 
Vent or fill opening of tank 

20 
25 

20 
25 

20 
25 

6. Flammable 
gas storage, 
either high 
pressure or 
low pressure 

0 to 15,000 CF capacity 
In excess of 15,000 CF 
capacity 

10 
25 

25 
50 

25 
50 

7. Oxygen 
storage 

12,000 CF or less(4) 
More than 12,000 CF(5) 

      

8. Fast burning 
solids such as 
ordinary 
lumber, 
excelsior or 
paper 

  50 50 50 

9. Slow burning solids such as heavy timber 
or coal 

 
25 

 
25 

 
25 

10. Open flames and other sources of ignition 25 25 25 
11. Air compressor intakes or inlets to 
ventilating or air-conditioning equipment 

 
50 

 
50 

 
50 

12. Concentration of people(3) 25 50 50 
Footnote(1) Refer to NFPA No. 220 Standard Types of Building Construction for 
definitions of various types of construction. (1969 Ed.)  

http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9749#__1__
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9749#__1__
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9749#__1__
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9749#__2__
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9749#__4__
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9749#__5__
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9749#__3__
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Footnote(2) But not less than one-half the height of adjacent side wall of the structure.  
 
Footnote(3) In congested areas such as offices, lunchrooms, locker rooms, time-clock 
areas.  
 
Footnote(4) Refer to NFPA No 51, gas systems for welding and cutting (1969).  
 
Footnote(5) Refer to NFPA No 566, bulk oxygen systems at consumer sites (1969). 
Hydrogen systems of less than 3,000 CF when located inside buildings and exposed to 
other occupancies shall be situated in the building so that the system will be as 
follows: 
 
Twenty feet from stored flammable materials or oxidizing gases. 
-Twenty-five feet from open flames, ordinary electrical equipment or other sources of 
ignition. 
-Twenty-five feet from concentrations of people. 
-Fifty feet from intakes of ventilation or air-conditioning equipment and air 
compressors. 
-Fifty feet from other flammable gas storage. 
-Protected against damage or injury due to falling objects or working activity in the 
area. 
 
Design consideration at specific locations – 
 
Outdoor locations. 
 
-Where protective walls or roofs are provided, they shall be constructed of 
noncombustible materials. 
-Where the enclosing sides adjoin each other, the area shall be properly ventilated. 
-Electrical equipment within 15 feet shall be in accordance with subpart S of this part. 
 
Separate buildings. 
 
-Separate buildings shall be built of at least noncombustible construction. Windows 
and doors shall be located so as to be readily accessible in case of emergency. Windows 
shall be of glass or plastic in metal frames. 
-Adequate ventilation to the outdoors shall be provided. Inlet openings shall be located 
near the floor in exterior walls only. Outlet openings shall be located at the high point of 
the room in exterior walls or roof. Inlet and outlet openings shall each have minimum 
total area of one (1) square foot per 1,000 cubic feet of room volume. Discharge from 
outlet openings shall be directed or conducted to a safe location. 
 
-Explosion venting shall be provided in exterior walls or roof only. The venting area 
shall be equal to not less than 1 square foot per 30 cubic feet of room volume and may 
consist of any one or any combination of the following: Walls of light, noncombustible 
material, preferably single thickness, single strength glass; lightly fastened hatch covers; 
lightly fastened swinging doors in exterior walls opening outward; lightly fastened 
walls or roof designed to relieve at a maximum pressure of 25 pounds per square foot. 
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-There shall be no sources of ignition from open flames, electrical equipment, or 
heating equipment. 
 
-Electrical equipment shall be in accordance with subpart S of this part for Class I, 
Division 2 locations. 
 
-Heating, if provided, shall be by steam, hot water, or other indirect means. 
 
Special rooms. 
 
-Floor, walls, and ceiling shall have a fire-resistance rating of at least 2 hours. Walls or 
partitions shall be continuous from floor to ceiling and shall be securely anchored. At 
least one wall shall be an exterior wall. Openings to other parts of the building shall not 
be permitted. Windows and doors shall be in exterior walls and shall be located so as to 
be readily accessible in case of emergency. Windows shall be of glass or plastic in 
metal frames. 
 
-Ventilation shall be as provided in paragraph (b)(3)(ii)(b) of this section. 
 
-Explosion venting shall be as provided in paragraph (b)(3)(ii)(c) of this section. 
 
-There shall be no sources of ignition from open flames, electrical equipment, or 
heating equipment. 
 
-Electrical equipment shall be in accordance with the requirements of subpart S of this 
part for Class I, Division 2 locations. 
-Heating, if provided, shall be by steam, hot water, or indirect means. 
 
Operating instructions. 
For installations which require any operation of equipment by the user, legible 
instructions shall be maintained at operating locations. 
 
 
Maintenance.  
The equipment and functioning of each charged gaseous hydrogen system shall be 
maintained in a safe operating condition in accordance with the requirements of this 
section. The area within 15 feet of any hydrogen container shall be kept free of dry 
vegetation and combustible material. 
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Marketing and Education Outreach Plan 
 The marketing and education outreach plan of our team would be separated into 
three stages. The stages are decided according to the development of the hydrogen 
distribution and the sales of fuel cell cars in the country. 
 
 During stage one, which is between the year of 2013~2015, we would start the 
marketing and education outreach at the big cities like DC, Philadelphia, New York 
and Boston as these are the places that we would start reforming into cities that only 
uses hydrogen as their fuel. We would also start our basic education and marketing 
outreach in states such as Wilmington, Delaware, Connecticut and Maryland.  
 
 In this stage, Education and image development are the main core as the young 
generation will be the main customers of hydrogen and fuel-cell vehicles in the future. 
Hence it is important for us to make sure that they receive the correct and true 
message about hydrogen from their education. We believe that students are proactive 
in learning, have a very high level of acceptability and are always full with 
enthusiasm for new experiences. We believe that starting from students, we can not 
only help the sales of our product in the future; we can also deliver the message of 
using hydrogen to the adults through their children. Therefore, building up a good 
image is essential. As shown below are the definite promoting plan: 
 
1 Competition 

• Hydrogen energy competitions can be organize in middle schools in order to 
develop a concept of hydrogen energy as a new energy resource to replace 
current energy resources. Parents are invited to company their children in 
attending these competitions to encourage the usage of hydrogen. 

• Any hydrogen energy innovation competition can be done in colleges and 
universities in order for students to make the hydrogen energy concept a habit 
in daily life. Even though this stage still does not actually apply students’ 
concepts or designs in the field of hydrogen energy usage, but it increases the 
acceptance of the market in hydrogen energy related products. 

 
2 Conferences 

• This can be help at the same time as the competitions in middle schools, high 
schools and colleges. Hydrogen energy related topics such as daily life with 
hydrogen energy, the safety of hydrogen energy and etc can be featured in 
these conferences. We know that most conferences are only aimed for a 
special stream of students and we feel that most art-stream students do not 
have the opportunity to contact with science related subjects. Hence, the aim 
of all our conference is to increase the knowledge in all science-related 
students, and also increase the awareness and acceptance of hydrogen energy 
usage among the art-stream students as we will invite all students and teachers 
of the school to the conference. 

• The conferences are not only done in schools, but also in community centers. 
This will give residents to an opportunity to learn more about hydrogen energy 
usage, safety and the acceptance of hydrogen as a replacement for the fossil 
fuels in the future. 
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3 Movies (2015) 
• We plan to use movie as a form of media to project how the future world will 

be with hydrogen energy. This will help people to have an idea on how the 
future daily life will be with hydrogen. The idea of a clean, quiet and 
earth-friendly life style can be convey to people through the movie. This kind 
of reality way will make people realize that having a hydrogen-powered 
vehicle is a must in their daily life. 

 
For stage two, we will continue all projects as stated in stage one and with an 

additional of a few more new ways. In this stage, we will start the marketing and 
outreach plan in cities nearby to main motorways in the country. We would want to 
insert the objective of awakening people of the US that they should be proud that US 
is the first country to use hydrogen-powered vehicles and transportations in the world. 
This is to increase the popularization of fuel cell vehicles and develop the confidence 
of citizens in using such vehicle with hydrogen energy. 
 
1 Mass Communication (News Media) (2015 ~ 2017) 

• Due to the success of movies in promoting hydrogen energy usage, we can 
take this as opportunity to create more news related to hydrogen energy 
through any type of media. For example, newspapers can be used to spread 
news about USA as the first country to use hydrogen-powered transportation 
systems in the world. This makes USA a leading country in this technology 
and setting a memorable achievement in the history of the usage of energy. 
Therefore, this will create an impact for all people and make them notice this 
issue. 

2 Related Product Advertisement 
• With the impact from the news media, any related hydrogen-powered vehicles 

advertisement can attract a lot of people. This will be a way increase the way 
of advertising hydrogen energy. Advertisements can offer direct messages 
about hydrogen filling stations, informing people the stronghold of hydrogen 
filling stations with the increasing numbers and locations. 

 
3 Popularization and actual experience of hydrogen-powered vehicles. 

• People will have some ideas at this moment such as: 
 

• Will hydrogen-powered vehicles be safe to use on roads since they have no 
mechanical sounds? 

• How does it feel to sit inside a hydrogen-powered vehicle? 
• Will it be cheaper to drive a hydrogen-powered vehicle? 
• Does the horsepower of hydrogen-powered vehicle be small compared to 

conventional vehicles? 
 

• High reputation taxi service associations can collaborate with car companies 
and hydrogen fuel cell manufacturers by using preferential package as a main 
marketing plan in order to promote the usage of hydrogen-powered vehicles. 
Car companies can sell their hydrogen-powered vehicle to taxi companies with 
a cheaper price. Hydrogen fuel incentive such as discounts (30 ~ 50%) is 
available to taxi companies depending on how many hydrogen-powered 
vehicles they owned. Such marketing plan is aim to let people have the chance 
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to experience hydrogen-powered vehicles, thus minimizing the uncertainties 
about the safety of hydrogen-powered vehicles. 

 
Even though this marketing plan can increase the sales of hydrogen-powered 

vehicles, popularize the usage of such vehicles, but if the product quality is not good 
and the reputation of the taxi service is not renowned such as bad driving skills, this 
will create negative impact on the promoting plan for hydrogen-powered vehicles. 
Therefore, careful choices of each party must be made thoroughly.  
 

Next would be stage three, a stage where the progress of stage one and two will be 
continued with an increase of the promotion on the product functionality and quality. 
We will improve the marketing plan to ensure that the customers have very high 
confidence with our product and their expectations and needs can be fulfilled with our 
products.  
 
1 Emphasize on Functionality and Quality 

• Buying a new car or changing one is the most rational and common in 
consumerism. Therefore, advertising in functionality and quality of the 
hydrogen-related products is essential. This will increases the assurance of 
people to in all hydrogen-related product quality and functionality, thus 
increase the willingness to use hydrogen-powered vehicles. 

• Therefore, using mass media is one way to stimulate the growth of buying 
hydrogen-related products before they are on sales. 

 
2 Advertisement on Hydrogen Filling Stations 

• Locations of hydrogen filling stations can be inserted in any GPS system in all 
vehicles, letting users to locate them instantly. Moreover, the vehicle on board 
system can calculate the usage of hydrogen fuel and set the indication of 
refueling at any time, providing the nearest point of filling stations. Therefore, 
with the aid of such systems will let drivers to drive with ease on the road. 

 
As Hydrogen is a kind of green energy, we think that it is always related to the 

price of un-renewable energy like petroleum. Although it has no direct relationship to 
the cost of hydrogen, the price of petroleum will somehow bring some impact to the 
ways of marketing and sales of Hydrogen. The price of petroleum is always changing, 
hence we decided on two different ways of promoting hydrogen according to the 
changes of price in Hydrogen. If the price of petroleum is higher than the hydrogen, 
we will promote the advantage of using petroleum. When the price of petroleum is 
lower than the hydrogen, we will emphasis the importance of using renewable energy 
and saving the mother Earth. When both the prices of petroleum and hydrogen is 
almost the same, we will focus on the safeness of hydrogen. 
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Appendix 
1. Hydrogen Demand, Production, and Cost by Region to 2050 (Argonne National 
Lab) ANL/ESD/05-2 
2. Compressorless Hydrogen Transmission Pipelines Deliver Large-scale Stranded 
Renewable Energy at Competitive Cost (16th World Hydrogen Energy Conference, 
Lyon, 13-16th June 2006) 
3. A spatially-explicit optimization model for long-term hydrogen pipeline planning 
(Elsevier) 
4. Holistic minimization of the life cycle environmental impact of hydrogen 
infrastructures using multi-objective optimization and principal component analysis 
(Elsevier) 
5. Optimal transition towards a large-scale hydrogen infrastructure for the transport 
sector: The case for the Netherlands (Elsevier) 
6. Designing future hydrogen infrastructure: Insights from analysis at different spatial 
scales (Elsevier) 
7. Hydrogen Production and Delivery (Sara Dillich, 2011 Annual Merit Review and 
Peer Evaluation Meeting) 
8. Hydrogen Fuel Cell Vehicle and Station Deployment Plan: A Strategy for Meeting 
the Challenge Ahead-Action Plan (CaFCP Action Plan) 
9. Hydrogen Delivery Technology Roadmap (Freedom CAR& FUEL Partnership, 
Nov. 2005) 
10. Current (2009) State-of-the-ART Hydrogen Production Cost Estimate Using 
Water Electrolysis (Independent Review, NREL) 
11. Hydrogen and fuel cells-The U.S. Market Report (Technology Transition 
Corporation) 
12. Technology Brief: Analysis of Current-Day Commercial Electrolyzers 2004 
(NREL) 
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Price of Water 
Water increase rate from 1983 to 2011 is 10.7143%, while commercial retail discount 
15% and industrial retail discount 30% 

 
Commercial Industrial 

Region $/1000 gal 1''/mo $/1000 gal 8''/mo 

Connecticut 6.8449 41.95 5.3562 1,342.51 
Delaware 4.1159 22.57 3.3609 383.00 
Maine 3.9429 43.39 3.9429 227.91 
Maryland 1.3717 20.06 1.3717 1,082.87 
Massachusetts 3.4065 42.17 3.3140 1,284.03 
New Hampshire 4.9746 32.00 4.9746 981.99 
New Jersey 6.5770 29.34 5.6718 938.86 
Pennsylvania 7.9310 50.00 6.0993 1,600.00 
Rhode Island 3.2163 17.71 3.2163 193.69 
Vermont 2.4855 16.61 2.4855 907.49 
Virginia 4.0975 63.82 4.0975 63.82 
Boston 7.7378 30.64 7.7378 123.93 
D.C 4.8300 4.56 4.8300 323.29 
New York 4.7936 10.11 4.7936 10.11 
Philadelphia 3.0684 9.51 3.0684 200.33 
Average 4.6262 28.96 3.8891 644.25 
 
 
Price of Electricity (Cents per kWh) 
Year Commercial Industrial 
2013 10.58312312 7.088298552 
2014 10.69997505 7.179357556 
2015 10.80860741 7.264156367 
2016 10.9101683 7.343560501 
2017 11.0055768 7.418263952 
2018 11.09558063 7.488832135 
2019 11.18079657 7.555732103 
2020 11.26173962 7.619354337 
2021 11.33884442 7.680028782 
2022 11.41248126 7.738036871 
2023 11.48296832 7.793620685 
2024 11.55058111 7.846990045 
2025 11.61555979 7.898328052 
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Price of Gas 
 2007 2008 2009 2010 2011 2012 2013 Average 
Maryland 3.05 3.30 1.99 2.83 3.63 3.90 3.63 3.19 
Delaware 3.03 3.20 1.94 2.78 3.57 3.89 3.45 3.12 
Connecticut 3.21 3.39 2.09 2.91 3.84 4.14 3.84 3.35 
Boston 3.00 3.12 1.96 2.72 3.60 3.91 3.65 3.14 
New York 3.20 3.40 2.14 2.94 3.83 4.12 3.87 3.36 
Philadelphia 3.09 3.18 2.04 2.80 3.60 3.97 3.59 3.18 
Washington 3.13 3.40 2.12 2.89 4.00 4.10 3.95 3.37 
Maine 3.10 3.30 2.05 2.82 3.67 3.99 3.69 3.23 
New Hampshire 2.98 3.08 1.93 2.71 3.56 3.86 3.56 3.10 
Vermont 3.01 3.30 2.00 2.90 3.67 3.99 3.68 3.22 
Rhode Island 3.03 3.18 2.04 2.80 3.67 3.96 3.72 3.20 
Massachusetts 3.04 3.10 1.95 2.73 3.60 3.89 3.62 3.13 
New Jersey 2.93 3.00 1.85 2.60 3.46 3.76 3.43 3.00 
Pennsylvania 3.09 3.31 2.05 2.85 3.64 3.95 3.64 3.22 
Virginia 3.00 3.24 1.92 2.77 3.60 3.94 3.56 3.15 
New York City 3.25 3.39 2.15 2.96 3.87 4.21 3.92 3.39 
Wilmington 3.04 3.22 1.95 2.77 3.61 3.92 3.50 3.14 
 
Cost of hydrogen via Electrolysis 
 Distributed($/kg) Centralized($/kg) 
2005 6.05 4.50 
2009 5.19 3.00 
2010 8.18* 5.53 
2020 10.17 4.38 
2030 9.99 3.75 
2040 9.02 3.75 
2050 8.96 3.75 
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Cost of delivery 
 Pipeline($/kg) Liquid tanker($/kg) Tube Trailer($/kg) 
2005 3.5  5.6 
2006 3.4  5.0 
2007 3.3  4.3 
2008 3.2  4.0 
2009    
2010 2.20-2.35 0.15 2.85-3.15 
2020 1.57 0.15  
2030 0.40 0.15  
2040 0.14 0.15  
2050 0.12 0.15  
 
 
Sidebar 
Flow diagram and energy balance of distributed electricity pathway 

 
 
 
 
 
 
 
 
The major inputs, assumptions, and outputs for each of the subsystems considered in 
the well-to-tank analysis, including feedstock supply and hydrogen dispensing.
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The feedstock and energy price inputs and the resulting hydrogen production, delivery, 
and distribution costs for the distributed electricity pathway. 

 
The contributions of hydrogen production, distribution (CSD), and losses to the 
levelized cost of hydrogen. 

 
 
 
 
 
 
Breakdown of levelized costs for distributed electricity pathway 
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Contribution of Production and CSD Processes to Levelized Hydrogen Cost for 
Distributed Electricity Pathway. 

 
 
 
 
 
 
 
 
  



41 
 

References 
1. http://www.hydrogen.energy.gov/training/code_official_training/ 
2. http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDAR

DS&p_id=9749 
3. http://www.epa.gov/climatechange/ghgemissions/gases/co2.html 
4. http://www.nrel.gov/docs/fy10osti/46612.pdf 
5. http://www.hydrogen.energy.gov/annual_progress04.html 
6. http://www.transportation.anl.gov/pdfs/TA/351.pdf 
7. http://www.hydrogen.energy.gov/ 
8. http://www.marylandgasprices.com/retail_price_chart.aspx 
9. http://www.pnl.gov/fuelcells/docs/summits/summit8/presentations/day2/abele_91

5am.pdf 
10. http://innovatek.com/files/Hydrogen%20and%20fuel%20cells.pdf 
11. http://www.ipu.msu.edu/research/pdfs/IPU-Consumer-Price-Index-for-Utilities-2

011-2012.pdf 
12. http://www.unitedwater.com/uploadedFiles/Localized_Content/UW_Delaware/R

B/MasterTariff%20DE.pdf 
13. http://www.amwater.com/files/ProposedWaterTariff-2013.pdf 
14. http://bwsc.org/ABOUT_BWSC/reports/PDFs/2012_ratedoc.PDF 
15. http://www.unitedwater.com/uploaded_files/Localized_Content/UW_New_York/

RB/MasterTariff%20NY.pdf?terms=tariff 
16. http://www.dcwater.com/customercare/rates.cfm#currentrates 
17. http://www.unitedwater.com/uploadedFiles/Localized_Content/UW_Rhode_Islan

d/RB/Master%20Tariff%20RI.pdf 
18. http://www.unitedwater.com/uploaded_files/Localized_Content/UW_Connecticut

/RB/MasterTariffCT.pdf?terms=tariff 
19. http://www.amwater.com/files/Tariff%20P.S.C.%20MD%20 
20. http://www.amwater.com/files/2013%20PWAC%20PSTAC%20Tariff.pdf 
21. http://www.amwater.com/files/United%20Water%20Virginia%20Tariff.pdf 
22. http://www.mainewater.com/Customers/Tariffs%20and%20Billing/~/media/Files

/Maine%20Tariff%20Schedules/Maine%20Water%20Tariffs/CRTariff.pdf 
23. http://www.mainewater.com/Customers/Tariffs%20and%20Billing/~/media/Files

/Maine%20Tariff%20Schedules/Maine%20Water%20Tariffs/Bucksport%20Tarif
fs.pdf 

24. http://www.mainewater.com/Customers/Tariffs%20and%20Billing/~/media/Files
/Maine%20Tariff%20Schedules/Maine%20Water%20Tariffs/Freeport%20Tariffs
.pdf 

25. http://www.mainewater.com/Customers/Tariffs%20and%20Billing/~/media/Files
/Maine%20Tariff%20Schedules/Maine%20Water%20Tariffs/Kezar%20Falls%20
Tariffs.pdf 

26. http://www.mainewater.com/Customers/Tariffs%20and%20Billing/~/media/Files
/Maine%20Tariff%20Schedules/Maine%20Water%20Tariffs/Oakland%20Tariffs
.pdf 

27. http://www.mainewater.com/Customers/Tariffs%20and%20Billing/~/media/Files
/Maine%20Tariff%20Schedules/Maine%20Water%20Tariffs/Hartland%20Tariff
s.pdf 

28. http://www.mainewater.com/Customers/Tariffs%20and%20Billing/~/media/Files
/Maine%20Tariff%20Schedules/Maine%20Water%20Tariffs/Greenville%20Tari
ffs.pdf 

29. http://www.mainewater.com/Customers/Tariffs%20and%20Billing/~/media/Files

http://www.hydrogen.energy.gov/training/code_official_training/
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9749
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9749


42 
 

/Maine%20Tariff%20Schedules/Maine%20Water%20Tariffs/Millinocket%20Tar
iffs.pdf 

30. http://www.aquarionwater.com/pdfs/ScheduleOfApprovedRates_EffectiveJanuar
y_1_2013.pdf 

31. http://www.aquarionwater.com/pdfs/Schedule%20of%20Approved%20Rates%20
(issued%20and%20effective%20November%201,%202012).pdf 

32. http://www.arlingtontx.gov/water/pdf/billinserts/2012/FY13_Rates_brochure.pdf 
33. http://www.phillywatersheds.org/doc/RateIncreasebillstufferJan2013.pdf 
34. http://www.hydrogen.energy.gov/pdfs/review05/pdp_39_pile.pdf 
35. http://www.hydrogen.energy.gov/pdfs/review05/pdp_41_porter.pdf 
36. http://econpost.com/washingtondceconomy/washington-dc-gdp-size-rank 
37. http://answers.google.com/answers/threadview/id/590986.html 
38. http://www.tsi.lv/Transport-and-Telecommunication/V65_en/art02.pdf 
39. http://www.netl.doe.gov/technologies/hydrogen_clean_fuels/refshelf/The%20Nat

ional%20Hydrogen%20Roadmap.pdf 
40. http://www.hydrogen.energy.gov/pdfs/hdsam_users_guide.pdf 
41. http://www.hydrogen.energy.gov/pdfs/review10/pd014_mintz_2010_o_web.pdf 
42. http://www.hydrogen.energy.gov/h2a_delivery.html 
43. http://www.hydrogenaustralia.org/Information/WASEIsubmission2011.pdf 
44. http://cafcp.org/sites/files/Action%20Plan%20FINAL.pdf 
45. http://www1.eere.energy.gov/vehiclesandfuels/pdfs/program/delivery_tech_team

_roadmap.pdf 
46. http://sanat-o-tijarat.org/Feasibilities/238PetroleumFeasibility.pdf 
47. http://www.government-fleet.com/article/print/story/2012/06/fleet-project-manag

ement-constructing-a-fueling-facility.aspx 
48. http://www.hydrogen.energy.gov/permitting/pdfs/benning.pdf 
49. http://www.hydrogen.energy.gov/pdfs/review12/pd090_ayers_2012_p.pdf 
50. http://www.sciencelab.com/msds.php?msdsId=9927230 
51. http://www.whec2012.com/wp-content/uploads/2012/07/ASR11.4.pdf 
52. http://www.epa.gov/oms/climate/documents/420f11041.pdf 
53. http://www.incoteco.com/upload/ENSFinalReport.pdf 
54. http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/bulk_hydrogen_sto 

pres_sandia.pdf 
55. http://www.afdc.energy.gov/fuels/natural_gas_locations.html 


