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Hydrogen Design Contest

EXECUTIVE SUMMARY

A request for proposal was sent out by the Hydrogen Education Foundation (HEF)
for designing a stand-alone and standardized drop-in fueling station. This report presents
the preliminary design proposed by the Zhejiang University design team.

The site of this designed system will be located in Costa Mesa city of Southern
California, about 37 miles southeast of Los Angeles, and 88 miles north of San Diego,
because California has the most developed H: infrastructure in the United States. The
drop-in fueling station we plan to construct will be located in the center of three existing
H> fueling stations, which located in Fountain Vally” Newport Beach and Irvine,
respectively in Costa Mesa city. The fueling station should be very convenient for local
hydrogenfuel VAEEAT AO8 | (&60Qq 1T x1T AOO O CAO OEAEO (¢
The drop-in fueling station we designed consists of two parts installed on two trucks
with the 40-foot 1SO container respectively. One named O( UAOT CAT ) O1 AT Ao
production and storage; the other T AT AA -BE ORBAI ET C ,3t@dydad 1 6 /AEl
removable dispensing. The cylinders as the H> storage modules were installed on both
parts for exchange between two parts. Hzwill be compressed to cylinders in O ( UAOT CAT
) O1 AahdAcéuld be used in O$ CED & OAT E.NtGs s@BeGAdiiexibk for using
two-truck features of the drop-in fueling station in a downtown area.

For the H> production on Hydrogen Island, the water electrolysis method was chosen
to produce H2. The whole electrolysis system consisted of water purification, water
electrolysis, H> purification, compression and storage. On Drop-in Fueling Station, H>
storage, pre-cooling and dispensing are included. An onsite production capacity of 125kg
per day is designed for request. The quantity of stored H2 in cylinders could supply
enough Ha for 48 hours shut down in an emergency case. Otherwise, a large pre-cooler
was selected to ensure the lower Hz temperature for a peak dispersing demand of 6 cars
per hour.

The cost and economy analysis shows that the H> price is 14.9$/kg to get a payback
of 8.94 year. Though the H> price seems a little higher, but drop-in fueling station is still
competitive considering it is convenient for the HFVs owners and HFVs is environmental
friendly compared to gasoline cars. The whole system is very safe which can be placed in
a community area without any major change. To keep the system reliable and safe, we
take every possible risk into consideration and a set of measurements are incorporated in
the design.

The environmental analysis shows that the drop-in fueling station can generate Hz
with an efficiency of 50.37%. Compared with vehicles fueled with gasoline, HFVs is
definitely environmental friendly considering no CO2, PM2.5 or NOx emission. Along with
the peculiarity of HFVs and drop-in fueling station, an innovative advertisement was
designed to highlight the principle of this AAOECT 8 & OOOE AN EAO QUAGHAA C
the both sides of two trucks for attracting eye balls.
1
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1 TECHNICAL DESIGN

1.1 Problem Qutline

The design contest demands to develop a drop-in hydrogen refueling station for all
hydrogen fuel cell vehicle customers. The system should be incorporated into a 40-foot
ISO container which can be easily disconnected, prepared for transport via truck and rail,
and reconnected. The system should initially be able to distribute at last 100 kg of
hydrogen per day, enough to fully refuel 25 vehicles per day, thus serve at least 100 cars in
the area, and it also should be able to refuel up to 6 cars per hour per nozzle. Besides,
on-site hydrogen storage should to accommodate a 48 hour shutdown. The design must
meet a 5 minute refueling target, from pulling the fueling trigger to full, assuming a 5 kg
fill to 700 bar. Other factors such as compression, communication, safety equipment
should be proposed to make the system work properly.

1.2 Design

1.2.1 Proposed Station Location

The proposed station will be located in Costa Mesa city of southern California, about
37 miles southeast of Los Angeles, 88 miles north of San Diego. We make the choice based
on the reasons below:

(1) Sound government support

The California government has implemented special policies and initiatives to
promote the H2 energy development. The government plan to invest 20 million US dollar
annually for building nearly 100 H> fueling stations in 2024 according to the document of
O4EA ' 1 OAOT 1.nthe mitle 6f the centurdy,dearly 80% of vehicles will be
ZEVs (Zero Emission Vehicles), which includes the HFVs.

(2) Well-developed infrastructure of H>

Of all the 50 states of America, the States of California is definitely the most
developed states on H: infrastructure development. Nearly 13 stations were built for
scientific research, 9 stations for public uses and 18 stations are planned to be built. Until
now, it has Los Angeles and San Francisco two centers of H fueling station. And the H>
infrastructure stations around Los Angeles is more developed than San Francisco
concerning the number of H» fueling station built or will be built. The mapped H> fueling
stations are shown in Figure 1(a).

(3) Hz fueling stations have set up around Costa Mesa

Three H> fueling stations have been set up around Costa Mesa City in Fountain
Vally' Newport Beach and Irvine respectively. And another fueling station will be built
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near Irvine. So the location of our drop-in hydrogen refueling station is shown in Figure

1(b) in red circle.
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Figure 1 H» Fueling Station Location in California

(4) A High Resident Acceptance: it has three H> fueling station around the city, it is
evident that the residents in this city have been educated about the clear and green
energy of H> and even H> fueled vehicle have been publicly used. So it is more acceptable if
we build another Hz drop-in fueling station in the city.

(5) Potential Market : Our site is located near the downtown area of the city, if a
drop-in station can be located in this place, it would make more convenient for the H> fuel
vehicles owners to refuel the vehicles when they shopping or working in the city. Besides,
there are three fixed hydrogen stations to supply hydrogen. The HFVs customers need a
removable drop-in fueling station to meet the flexible and emergence usage of Hydrogen.
And our location is near the cross of two freeways in Costa Mesa(See Figure 2), which will
make it convenience for driver to fuel their vehicle before entering the freeway. And in
some time, the drop-in fueling station can go to the downtown area to refueling the
vehicles.

Figure 2 Proposed Site for Hydrogen Production Island
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1.2.2 Hydrogen Production and Delivery Method

The drop-in fueling station we designed consists of two parts installed on two trucks
with a 40-foot 1SO container respectively. One named O( UAOT CAT for HOIT AT A6
production and storage; the other T AT AA -BB ORBAI ET C ,st@dydad 1 6 /&l
dispensing. The hydrogen will be produced and stored in cylinders in the Hydrogen Island
and then delivered to refueling destination by Drop-in Fueling Station. The cylinder stacks
are loaded and unloaded by a crane between the Hydrogen Island and Drop-in Fueling
Station.

Water electrolysis method has been selected for hydrogen production. Electrolysis
units were purchased from Hydrogenics Company. The Hydrogen production capability is
about 125kg H» per day equal to 60Nm3/h, which can meet the demand of 25 vehicles
dispersing per day. The small production system module, easily to be containerized design,
high purity hydrogen, without greenhouse gas released will make it more competitive.

In accordance with the contest guideline, a fast filling process was required for the
design as a filling of 6 vehicles per hour per nozzl. Considering each car with a tank
volume of 5kg Ho, a filling flow rate of 0.7kg/min was designed.

The layout system consists of two parts of the Hydrogen Island and Drop-in Fueling
Station as depicted in Figure 3. The Hydrogen lIsland consists of water purification,
electrolysis, Hz purification, compression and storage cylinders. The Drop-in Fueling
Station consists of storage cylinders, pre-cooler and dispenser. A crane is also included in
the site to load and unload the storage cylinders between the Hydrogen Island and
Drop-in Fueling Station. The design principle is the Hydrogen Island could be fixed or
movable on a truck, and the Drop-in Fueling Station could be moved at most time as need.
Safe clearance is 6m to keep the Hydrogen Island and Drop-in Fueling Station away from
the road

Figure 3 Layout of the Overall System
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1.2.3 Fueling Process

The hydrogen refueling station begins with the hydrogen production in the container
of Hydrogen Island The hydrogen fueling station process schematic contained Hydrogen
Island and Drop-in Station is depicted in Figure 4.

First, the tap water will be demineralized in a reverse osmosis system (ROS). When
OEA xAOAO Ai 1T AOGAOEOEOU 2AtiwAl Acpouted ito thecathalide AT T x  p
electrolyzer where the purity water is electrolyzed to Hz and O>. A gas purification system
is used to separate the gas mixture, and a high purity Hz is obtained which will be
compressed to 87.5-90MPa in the three stage compressors and be stored in storage unit.
The storage unit comprises of three different cylinders with low pressure at 45MPa,
medium pressure at 80MPa and high pressure at 90MPa respectively, and the storage
capacities are at 40kg, 40kg and 20kg respectively. When hydrogen is needed, the Drop-in
Fueling Station with full-laden cylinders will be sent to the refueling destination. The
hydrogen then pass through the pre-cooler where its temperature is cooled from ambient
temperature to -30N . The cooler hydrogen will be dispensing into vehicles with two
dispenser nozzles, which will fulfill the demand of 6 vehicles H2 dispersing during hours.
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Figure 4 Hydrogen Fueling Station Process Schematic Above Depicts the Manner in Which Hydrogen Produced and Flows to the Dispensers
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1.2.4 Major component Description and Justification

1. Hydrogen Production Equipment

The group of electrolysis units will be supplied by Hydrogenics, the system
has HySAT mode. The production capability is about 125kg H> per day equal to
60Nm3/h. The outlet hydrogen purity was 99.999%. Its external appearance is
shown in Figure 5, and operation parameters are listed in Table 1.
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Figure 5 Appearance of the Hydrdogenics HySAT ™ Electorlyzer

Table 1 Parameter of the HySAT ™ 60 series H, Production Unit

System HySAT™ 60 Mode
Delivery Pressure 10bar (145 psig)
Type Alkaline Water Electrolyser
H> Production 24 to 60Nms3/h
Hz Purity 99,999%;
02 < 2ppm; N2 < 12ppm
Power Consumption 4.9 kWh/Nm3 H; at full load
Voltage 3 x 400 VAC +3% /3 x 480V
Frequency 50 Hz +3% (60 Hz £ 3% as option)
HPS <10 ppm Oz, <1 ppm H20, <12 ppm N2, <50 ppb
CxHx
ROS Resistance>18 m - MEAI
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2. Compression System

There are three kinds of compressor are available for H, compression. The fist
it the oil- lubricated reciprocating piston compressor. It has the disadvantage of
needs large amount of continued maintenance required to prevent contamination
of the hydrogen. The second is the oilfree non-lubricated gas piston
compressor. This kind often used as a gas booster other than a compressor. The
third is the diaphragm compressor; the main difference between piston and
diaphragm compressors was the manner in which the gas was compressed. The
metal diaphragm compressor completely isolates the gas from the displacing
element during the entire work cycle. The discharge gas was as pure as the gas
entering the compressor. If the integrity of diaphragm or seal is breached, a
pressure switch will shut down the compressor, which is ideally for the design. In
this design, the H> have to be compressed from 1MPa to 90MPa, a three stage
diaphragm compressor was chosen for this design.

As compared above, three diaphragm compressors with a capacity of 100
Nm3/h was selected from PPl Company will be used to compress H2 to 90 MPa in
our design. The compressor compress the H> (1MPa) from the electrolyzer and
compressed it to 45MPa, 80MPa and 90MPa, respectively.

3. Storage System

To save compress energy consumption, a cascade storage system has been
chosen as the Hz storage method other than only one tank as H> reservoir. For the
material of cylinders, steel cylinders, traditionally used for ground storage are
very heavy and difficult to manufacture when designed to 90MPa. Therefore,
lightweight carbon fiber composite storage cylinders were used in this design.
The nearly 36 with a OD of 58cm, 95cm length storage cylinders are purchased
from Dynetek Company to meet our demand.

The storage cylinders divided into two groups, one group is located in the
Hydrogen Island and one is located in the Drop-in Fueling Station, each with a
capacity of 100-150kg H>. When the fueling station is wandering around in the
city, the other group of H> cylinders was in sequence in the compression to reload
with H> produced from the HySAT, and when the cylinders are depleted, it will
reload from the production site.

4. Pre-cooler and Dispenser

In accordance with SAE TIR J2601. A pre-cooler will be needed to cool the
gaseous hydrogen to 0~-40N to achieve fastfilling goal in peak hours. A
pre-cooler of PLM series with a power demand of 300kWh was purchased from
PRIMA Company. Its appearance is shown in Figure 6.
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Figure 6 PLM series Pre-cooler Purchased from the PRIMA

This kind of pre-cooler can cool the gas to the temperature of -65N , and it
has the characteristic of steady, high-efficiency, energy saving and safety. It is
incorporated with PLC control, which is convenient for start and shutdown.

The dispenser used in our designs is Smart Fuel™ H70 retail hydrogen
dispenser provided by Air Product. It is displayed in Figure 7.

Hydrogen ©

. 5 |

Hydrogen

tell me more
e alrpradiects comii oy

Figure 7 Smart Fuel™ H70 Dispenser Provide by Air Product Company (Manual will also
provide by AP,the number mapped in the picture is inits  manual)

A gas detection sensor for immediate leak detect was install on the valence of
the dispenser. And it uses energy-efficient LED display panel for clear visibility of

10
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display with on-screen training instruction for firstOE1T A OOAO0O8 &1 O OEA 1
convenience, a credit card reader with store point-of-sale (POS) also installed on
the dispenser to make payment more customer-friendly. In compliance with the
SAE TIR J2601 communication fueling process, a radio frequency identification
detector (RFID) reader fixed on the dispenser to vehicle identification and
communication. For safety consideration, SAE standard such as SAR TIR J2600,
J2601, J2719 and J2799 have been incorporated in the design of the dispenser.
The flow-meter can measure with complete fill accuracy of 98% with
communications in fill quantity of 1-10kg H2. And temperature control of Hz to
-40N allows the fast filling process.

Because of the Joule-Thomson heating and compression heating in the
refueling process, and the temperature in the vehicle tanks should be no more
than 85N in accordance with SAE TIR J2601. A pre-cooler will be needed to cool
the gaseous hydrogen to -33~-40N . Based on a roughly estimation with multiple
to ensure the desired temperature can be reached, a pre-cooler with a power
demand of 300kWh was bought from PRIMA Company.

The fuel gas dispenser is a "stand-alone"” unit, which provides the mechanical
interface between the hydrogen fuel station storage cylinders and the vehicles,
together with safety features and metering equipment. The H> dispenser consists
of a small enclosure where regulation and control valves are located.

The tubing used for the project was Type 316 SS bright annealed seamless
ASTM A213/A269 tubing. This tubing is not susceptible to hydrogen
embrittlement. Another advantage of using this tubing was its availability in
continuous lengths of up to 200 feet. The flow rate through the tubing was
adequate for all the required applications.

1.3 Communication

A SCADA (Supervisory Control and Data Acquisition) software system was
designed to incorporate in the system. It comprises of three parts. The first is the
RTU (Remote Terminal Unit) with PLC (Programmable Logic Controller), it
comprises of different sensors and powered valves or switches. It has the
function to acquisition data, display it on the screen, and the PLC part has the
function to act when receive a signal or automatically as previous set. The second
is the supervision station. This station is located in the OCC (Operation Controlling
Center) for remote control and failure diagnosis. In this part, the data will be
displayed same to controlling screen in the Hydrogen Island and Drop-in Fueling
Station.

The AT&T Company will act as the third part. that all-electric vehicle
manufacturer, Tesla, has cooperated with AT&T to provide high speed wireless
connectivity. In the same manner, it can also provide us the service for remote

control and diagnosis.
11
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1.4 HVAC System

Costa Mesa has a Mediterranean climate with mild temperatures year round.
Rain falls primarily in the winter months, and is close to no precipitation during
the summer. The high and low average temperatures of Costa Mesa in different
months are listed in Table 2.

Table 2 Whether Condition in Co sta Mesa

Month Average High (N) Average Low (N) Precipitation (mm)
Feb 17 11 68.1
Apr 18 13 183
Jun 26 16 18
Aug 22 18 05
Oct 21 16 9.7
Dec 17 9 46.2
Year 19 15 272

The Table 2 listed above shows that all the year around, the temperature
always higher than ON (minimum 9N ) , Which means no additional heating
facility needed for the Hydrogen Island or Drop- in Fueling Station. Ventilation
equipment shall be installed to ensure the H> content shall never in the explosion
limits at any time. The property of Hz, CH4 concerning its explosiveness are listed
in Table 3.

Table 3 Explosiveness Property of H », CH; and Gasoline

Flame Ignition
) Flammable
) Flash Propagation Energy .
Parameter Density . Ll Limit(with
Point™ N Speed (min.) .
. ain)” v%
(max.)” m/s 102w
H: 1.079 547-597 3.10 09 4.0-74.32
CH4 35.82 647-747 0.31-0.34 0.6 5.0-15.0

We take several measurements to mitigate the potential risk according NPFA
2. Hydrogen Technologies Code and 50A: Standard for Gaseous Hydrogen Systems
at Consumer Sites

This modular design allows the hydrogen production island to fully ventilation
to ket the right sides be fully opened” which allows the nature wind cross from one
side of the container to the other side. Besides, the upper canopy of the storage
area can be fully open to for ventilation. Two set of windows will be fixed on one
side of the container, and three set of fans will be installed on the other side,
located in production, compression and storage sector respectively, powered by a

12
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PEMFC, which enforces the air to cross the system considering bad weather
conditions, such as rainy days or hot days with no wind. By enforced ventilation in
some whether condition, to vent the potential H> accumulated in the Production
Island, but in some fine whether, such as windy day, the facility can be fully open
to let the natural wind to blow off the accumulated Hz, which decrease the energy
demand for the system. As shown in Figure 8.

g

Figure 8 Side View of Hydrogen Production Island

To our drop in fueling station, same measurements as the Hydrogen Island
will be taken to ventilation.

1.5 Safety Equipment

Several safety equipments also incorporated in our design to ensure safety.

For the production container and refueling container, two H detectors will be
also installed on the top of containers respectively. The detectors have the
capability of directly reading and alarming. When the content of Hz in the
container exceeds the set value, the detector will ringing and triggers the red
warning light in the controlling screen. On the same time, the controlling system
will power off the electricity and water supply to stop the production process in
the Hydrogen Island. Alternatively, on the hydrogen fueling station, the operator
will turn off the power supply and open the windows to ventilate.

For the containerized design can be transported or shipped, the equipment
have to be fixed on the container to keep it steady when transferred to other
locations. The HySAT electrolyzer, compressor and storage will be fixed by
screwing with the container as well as the same way in the drop- in fueling station
to keep it steady when working or transporting.

On the outside of the containers, alarming painting will be painted to remind
the citizen that safety setback shall have in case of crash or entering the
OAT T OOTTT1TAA AOAA6G8 311 A , %$ 1 ECEGGheAT A OA A&
outside wall of container for reminding purpose.

13
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2 COST AND ECONOMICS AYALYSIS

2.1 Capital Costs

The capital cost includes equipment costs, installation costs, set-up cost and
operator® training costs. Based on the support of the California government for
clean energy, we calculate no interest of the loan for investment. The costs of
equipments are $1,095,390 listed in the Table 4. The installation costs, set up costs
and training costs cakulated by 20% of the costs of equipment according to
reference [1] is $219,078. The total costs are $1,314,468.

Table 4 Cost Summary of Equipment , Installment, S et Up and Training

ltem Description Quantity Unit Price Total Price
1 Hydrogen Island
11 Electrolysis unit 1 $214,690 $214,690
12 Compressor 3 $99,000 $297,000
13 Storage cylinders 18 $11,000 $198,000
Sum of item 1 $709,690
2 Drop-in Fueling Station
21 Pre-cooler 1 $97,700 $97,700
22 Dispenser 1 $90,000 $90,000
23 Storage cylinders 18 $11,000 $198,000
Sum of item 2 $385,700
costs of equipments $1,095,390
3 Installation and operator training
31 Installation and operator Training ? ? $219,078
Total costs $1,314,468
800000
200000 Installation aqu
Operator Training
600000
500000 W Storage cylinders
400000
300000 M Dispenser
200000 —
100000 _ Precooler
0 ! !
Hydrogen Hydrogen Installation W Compressor
production refueling and
station station Ope.ra.tor ® Electrolysis unit
Training

Figure 9 Capital Costs Comparison
14


app:ds:hydrogen%20refueling%20station

J

1891

w2 Zhejiang University Hydrogen Design Contest
Figure 9 showed a capital costs comparison between the items and
equipments. From Figure 9, it is clearly observed that the costs of Hydrogen Island
for hydrogen produce makes up of a high proportion of capital investment.
Because three compressors in hydrogen island represent a significant cost. The
reason we use three compressors is operated under three stages compressions of
40MPa, 80Mpa and 90Mpa respectively for save the energy consumption of the
compression. In total of 36 storage cylinders installed in item 1 and item 2 also
share a big portion of cost of equipments. This is for enough H: storage quantity
for a normal use of H2 during 48 hours shut down time.. In addition, we adopt
larger pre-coolker to ensure two injection nozzles of dispenser operating at same
time.

2.2 Operation Costs

g

Operation costs include electricity cost, water cost and | BPAOAOT .06 O
Electricity is our main cost as by electrolysis to produce the hydrogen, which will
consume 2.466 million kWh a year. Since California charges 9.9 cents per kWh for
electricity, a payment of electricity will be 244,134$ per year. Besides, the water
will cost 522A A UAAO AT A laridaly RE000D 6n@ pedsinddal E O
Operational costs are $273,856 and are listed in the Table 5.

Table 5 Operation Costs Summary

ltem Unit Price Amount Total Pricelyear
Electricity 0.099%/ kWh 6,756 kWh /day $244,134
Water 1.59%/ton 900kg/day $522
| DAOAGIAND 6 ( 80%/person 1person/day $29,200
Total Operation al
$273,856
Costs
Costs

M Electricity
B Water

Operator’s

Figure 10 Operation Costs Comparison

Figure 10 presents the percent of each operation costs. From Figure 10, we
can find the electricity costs are the main part of all the operation costs. Compared
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with other hydrogen production methods, our method is featured with high
electricity demand but with high purity of hydrogen, non-pollution and low raw
material requirements. Besides, the electricity has a possibility supplied from
renewable energy such as wind power, hydropower or solar energy to decrease
the electricity costs.

2.3 Maintenance Costs and Additional Costs

The maintenance costs and additional costs include maintenance costs,
equipment delivery costs, security tools costs, software and control costs,
accessories costs, the truck and container costs, marketing education costs and the
land costs. The maintenance cost is 2% of the total equipment cost. The cost of
equipment celivery is 3% of the total equipment cost. Security cost contains
container modification and fans, sensors installation. Software and control cost is
the cost of software, control valves, controllers, inductors, display screens, and
data transmission. From all of that, the data transmission price is $30,000 a year,
which will be paid to AT&T as the third party. The accessories include pipeline,
nitrogen gas cylinder and so on. The land which covers an area of 500 square
meters that costs 17,800 per year. The total costs are $443,570 and are listed in
the Tablke 6.

Table 6 Maintenance Costs and Additional Costs Summary

Item Description Total Pricelyear
Maintenance Costs 2% cost of equipment $21,908
Equipment Delivery 3% cost of equipment $32,862
Security Tools Container modification and fan $25,000
Software, control valve, controller, inductor, display
Software and Control L. $228,000
screens, and data transmission
Accessories Pipeline, nitrogen gas cylinder $33,000
Truck and Container ? $70,000
Marketing Education Leaflet, videoequipment $15,000
The Land 500 square meters $17,800

Total Maintenance

. $443,570
and Additional Costs
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COStS B Maintenanc

e costs

B Equipment
delivery

Security
tools

Figure 11 Maintenance Costs and Additional Costs Comparison

From Figure 11, the software and control costs are dominant in all costs, for
in our design, we put a lot of money on control system and remote control to
achieve the goal of automation and safety. To adapt the hydrogen production
station separately with hydrogen refueling station, we need two containers. It is
safe, flexible and convenient both for operation and usage.

2.4 Revenues

To make a return in 10 years as the contest requirement the selling price
would be $14.9/kg H». An analysis of annual expense, revenue, accumulation cash
flow of 10 years during 2015-2024 is summarized in details in the Reference
3.Payback period of investment was calculated by Eq(1). With inflation rate of 2%
annually considered, our designed EUAOT CAT DHPOT AOAOET 1
payback period is 8.94 years. Thus, the hydrogen production and refueling station
will be an economically viable business.

R=Y 4 +* Eq(1)

P : payback period of investent,
Y, :the first yearthatthe accumulated cash fl@edime positiv
N, :netaccumulated cash flow of previoysar

N; :net cash flowof current ye:

2.5 Sensitivity Analysis

Sensitivity analysis is used to determine how different factors influence the
revenue of the design. Based on the results of session 2.4 illustrated. The Table 7
and Figure 12 depicted their influence on cash flow.
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Table 7 Sensitivity Analysis of Various Factors

Accumulation Cash Flows after Change

Rate of change - — -
The Product Price  The Electricity Price The Cost of Investment

-30% -978,387 934,688 768,742
-20% -527,457 747,928 637,296
-10% -76,528 561,161 505,849

0 374,402 374,402 374,402
10% 825,332 187,642 242,955
20% 1,276,261 875 111,508
30% 1,727,191 -185,884 -19,938

r u

%’ 1500000}k —um— The Product Price /

= —e— The Electricity Price -

8 I —v— The Cost of Investment

O 1000000 o

E — .

© v /

@ 500000} 9\\\'
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>
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-30%  -20%  -10% 0 10% 20%  30%
Rate of change
Figure 12 Sensitivity Analysis of Various Factors

From Figurel2, the product price, the electricity price and the cost of
investment lead to accumulation cash flows change. We can conclude that the Hz
selling price is the most sensitive while the cost of investment is the least.
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3 SAFETY ANALYSIS

The successful marketing of the concept of drop-in fueling station depends on
OEA OAZAOGU AT A OEA AT i1 Ol EOUtbeQafely 5 &d D OAT AA S8
foremost important thing to consider when designing a Hz drop-in fueling station.
For our design, we make everything into consideration when we chose location,
overall design and components to ensure that the general public and the
surrounding environment are well protected.

3.1 General Safety Overview

Preliminary design of our system will be situated in Costa Mesa City in
southern California. The site selection based on the consideration of convenience
for the Drop-in Fueling Station to refuel the HFVs and it has safety advantages as
below: first of all, the noise will disturb the local D AT D1 A 8 Gthelpied@sEdf C E 1
hydrogen production and compression, the location of the site is not too close to
the living area, whichhasnoimpact] T OE A D A IS&dndiy)atetl i6 thee T C 8
intersection of two freeway will make it convenient for the HFVs owners to access.
The last advantage is that there is no fire source and no possibility of traffic
incident in the intersection.

Like other fuels, the H> shall under careful monitoring in case of any incidents.
For the overall layout of the Drop-in Fueling Station, we left an aisle for check in
and maintenance. In case of any leakage of Hz, four sets of sensors are installed in
the containers (one is in production sector, two are in storage sector and one is in
dispensing sector) for Hz detection. When one alarms, the controlling system will
shut down. The process will be stopped, and the whole system shall be checked
manually. Furthermore, our system has an excellent ventilation system to
guarantee any lkeaked H> will be blown away to avoid H2 accumulation.

3.2 Failure Mode and Effect Analysis

We analyzed any possible failure, starting from the water to the dispensing of
hydrogen into vehicles, as listed below in Table 8.

Table 8 Complete Failure Mode and Effect Analysis of Our System

Failure . Design to Mitigate
Source of Failure Effects )
Mode Risks
(1)Mechanical fault during . Quiality ensured by the
. Flooding, water
manufacturing of electrolyzer; company; Guarantee
Water - . ] damage to o
(2)Poor connection of inlet pipe . proper training of
Leakage i equipment, y R
and water purifier due to L operator” and pipeline is
potential fire
operator error well connected.
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Continue Table 8 Complete Failure Mode and Effect Anal ysis of Our System

(1)Defective hydrogen piping

Hydrogen ; o Install H2 detector and
. manufacturing; Potential fire and o
Leakage in i . ventilation where
. (2)Poor connection of explosion .
Piping appropriate
hydrogen
Install H, detector and
Hydrogen . L ventilation where
. (1)Improper joints; Potential fire and .
Leakage in ; . appropriate; Electrolyzer
(2)Poor quality of electrolyzer explosion
Electrolyzer needs to be properly
grounded
Installation of sound detector
Potential to ensure the compressor is
Compressor | (1)Defective compressor hydrogen in normal operation; Install
Failure manufacturing leakage; Fireand | effective hydrogen detector;
explosion Install emergency shutdown
system
. L Install pressure-relieve valves
Hydrogen (1)Defective hydrogen Potential fire and .
. . . . where appropriate; Install
Cylinder cylinder manufacturing; explosion;
. . L emergency shutdown system
Hardware | (2)The aging of the sealing Physical injury
. . for compressors and
Failure ring for operator .
dispenser
Hydrogen Regular check of the
(1)operator error; .
Leakage . . o machine; Ensure proper
) (2) dispenser equipment potential fire .
during tail training of operator; Install
ailure
Dispensing emergency shutdown button
Symbols and safety guard
. Equipment bars around the site; Choose
Traffic (1)External factor; . . .
. . . . damages and high quality container;
Accident (2)Mis-operation of the driver . .
people injury Ensure proper training of
driver
Symbols of H; fueling station
External (1)Sparks; Potential fire and shall be put around the
Fire (2)Other sources of flames explosion station; Better training of the
driver.
Equipment
Natural auip
. damage; Ensure that the emergency
Disaster, o .
(D)Nature Potential fire and button can be used in
(earthquake, . -
) explosion; extremely conditions.
etc

Physical injury
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4 CODE & STANDARD AND REGULATIONS

Safety is of paramount importance when we are attempting to introduce our
drop-in fueling station to resident community. Resistance may be observed from
the community during the transition from fossil fuel to Hz. To make the
community residents and the consumers believe that the H> will be the potential
energy with the qualification of being safe, environmental-friendly and easy to
reach” our team has performed an extensive search of the applicable regulations,
codes and standards, which are listed in Table 9 in details. The wide range of
guicdelines available suggests that hydrogen safety has been studied in great detail,
and a FMEA model has been developed for the total system to mitigate the
potential risks in Safety Analysis part.

Table 9 Different Codes, Standard and Regulations

Association

Code

Description

NFPA (National
Fire Protection
Agency)

The purpose of this code shall provide fundamental
safeguards for the generation, installation, storage, piping,
use, and handling of hydrogen in compressed gas (GH>)
form or cryogenic liquid (LH2) form. This code shall apply
to the production, storage, transfer, and use of hydrogen in
all occupancies.

50

This standard covers the requirements for the installation
of gaseous hydrogen systems on consumer premises
where the hydrogen supply to the consumer premises
originates outside the consumer premises and is delivered
by mobile equipment.

52

This code shall apply to the design, installation, operation,
and maintenance of compressed hydrogen (GH») and
liguefied compressed hydrogen (LH>)

54

This code is a safety code that shall apply to the
installation of fuel gas piping systems, appliances,
equipment, and related accessories

550

This code shall apply to the installation, storage, use, and
handling of compressed gases and cryogenic fluids in
portable and stationary containers, cylinders, equipment,
and tanks in all occupancies

70

This code covers the installation of electrical conductors,
equipment, and raceways; signaling and communications
conductors, equipment, and raceways; and optical fiber
cables

72

This code covers the application, installation, location,
performance, inspection, testing, and maintenance of fire
alarm systems, supervising station alarm systems, public
emergency alarm reporting systems, fire warning
equipment and emergency communications systems
(ECS), and their components.

170

This standard presents symbols used for fire safety,
emergency, and associated hazards.

15916:2004

It provides guidelines for the use of hydrogen in its gaseous

21




«w” Zhejiang University

Hydrogen Design Contest

ISO
(International
Organization for
Standardization)

and liquid forms. It identifies the basic safety concerns and
risks, and describes the properties of hydrogen that are
relevant to safety. Detailed safety requirements associated
with specific hydrogen applications are treated in separate
International Standards

14687-2:2012

It specifies the quality characteristics of hydrogen fuel in
order to ensure the uniformity of the hydrogen product as
dispensed for utilization in proton exchange membrane
(PEM) fuel cell road vehicle systems.

22734-1:2008

It defines the construction, safety and performance
requirements of packaged or factory matched hydrogen
gas generation appliances, herein referred to as hydrogen
generators, using electrochemical reactions to electrolyze
water to produce hydrogen and oxygen gas.

J2600-2012
SAE TIR Fuelling protocols for light duty gaseous hydrogen surface
J2601/2 vehicles and for buses
. This Standard provides background information and a
SAE (Society of . .
Automotive J2719-2011 by | hydrogen fuel quality standard for commercial proton
Engineers) ANSI (American | exchange membrane (PEM) fuel cell vehicles. This report
J National also provides background information on how this
Standard standard was developed by the Hydrogen Quality Task
Institute) Force (HQTF) of the Interface Working Group (IWG) of the
SAE Fuel Cell Standards Committee.
This practice is intended for application to high pressure,
high purity hydrogen, however, the apparatus design and
ASTM D7606 g p vy . g . PP g
ASTM sampling techniques may be applicable to collection of
(American other fuel cell supply gases.
Society for Test method for test method for sampling of particulate
Testing and D7650 matter in high pressure hydrogen used as a gaseous fuel
Materials) with an in-stream filter
D7651 Test method for gravimetric measurement of particulate
concentration of hydrogen fuel
Functional safety of electrical and/or electronic elements. It
IEC is fundamental to the enabling of complex technology used
. IEC 61508 for safety-related systems. It provides the assurance that
(International ) i
) the safety-related systems will offer the necessary risk
Electrotechnical i . . .
L. reduction required to achieve safety for the equipment
Commission) IEC
Stationary fuel cells - safety
62282-3-100
AlAA (American AlAA Guideto | This guide presents information that designers, builders,
Institute of Safety of and users of hydrogen systems can use to avoid or resolve
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Aeronautics and
Astronautics)

Hydrogen and
Hydrogen
Systems

(G-095-2004¢)

hydrogen hazards. Guidelines are presented for system
design, materials selection, operations, storage, and
transportation.

International
Fuel Gas Code

Fuel gas codes including gaseous hydrogen systems,
pressure relief devices, venting, piping, use, and handling,
testing of hydrogen piping systems, outdoor gaseous
hydrogen systems

International

It covers equipment location and setbacks, indoor
installations, annual inspections, piping and tubing, valve
and fittings, gaseous and liquid storage, canopy top

Fire Code equipment and gaseous storage, dispensing operations,
e (2009) protection from vehicles, E-stops, venting, pressure relief
] devices, signage, fire suppression, detectors, vent pipe
(International . .
Code C | separation and distances
ode Counci -
) 6540 Standard for Hydrogen Piping Systems at Consumer
' Locations
G-5.50 Hydrogen Vent Systems
P10© Safe Handling of Compressed Gases in Containers
P5-20© Direct Burial of Gaseous Hydrogen Storage Tanks
P5.210 Adjacent Storage of Compressed Hydrogen and Other
Flammable Gases
5136 PRD Standards Part 3 - Stationary Storage Containers for
' Compressed Gases
ASME
(American
Society for B31.3©0 Process Piping
Mechanical
Engineers)
. It applies to the installation of gaseous hydrogen systems
Occupational .
on consumer premises where the hydrogen supply to the
Safety and OSHA 1910.103 . . .
consumer premises originates outside the consumer
Health Standards

premises and is delivered by mobile equipment

For the production sector, there are many potential risks such as Hz leakage
and misoperation of compression, the noise from the compression and the
loading and unloading of storage tanks. Our design considering that the drop-in
fueling station will be located in a street lane and fueling vehicles, while a truck
will carry the storage stacks to and from the production sector.

Though the overall system is compact and full of equipment, but our design
take every possible means to lower the risk. From the delivery system, the oxygen
produced from the electrolyzer will be released to the air for the safety point.
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For any hydrogen leakage, the upper canopy of the storage can be opened

for ventilation. And fans have been installed for enforced ventilation to release any

potential laked H», the production container can be fully ventilated when in

production but can also be closed as a container when packed for transportation
or in bad weather conditions.

g
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5 OPERATION AND MAINTENCE
5.1 Operation

The system comprised of two parts, the Hydrogen Island and Drop-in Station.
The Hydrogen Island will be located in the chosen site-Bark Park, but the drop-in
fuel station can be transported to any place in the city or just located in some place
where hydrogen is needed.

For the operation, only two operators are needed for the whole system. One
is for the Hydrogen Island and one is for the drop-in fueling station. To achieve the
goal of automation, low maintenance and operation cost, a sound internal
controlling system is incorporated in the design, which makes it operate safety
from production to dispensing. Internal data transmission and external
communication were designed to achieve the goal of automation and remote
control. In the control system, a control panel, screen and different sensors were
incorporated. In the process from water to hydrogen on the vehicle, different data
was collected from different units which are depicted in Figure 13.

***********************************************

Water Resi H IV Flow R

: aIL:tI(ta):N F?:lltsétance pT’ P Water/Oxygen Content |n|et/C§)L\Jl¥leth?P :
| Filtration Electrolysis Purification Compression| -
| Unit Unit Unit Unit ‘
: T,P |
| Hydrogen Island |
s, Data ]

g I= Collection/Processing
-9 - -4 -4 - it R SR
| U) Unlt |
| |
l Pre-cooling Dispenser Drop-in Fueling Station
| Unit Unit | - s
| T Fogfae s e

[
C: Currency; V: Voltage T : Temperature; P : Pressure
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Figure 13 Data Collection from Different Units

When depleted storage cylinders were unloading from the drop-in fueling
station, the pressure sensor installed on the cylinders detected the pressure to
determine the state of charge (SOC), if smaller than 50%, and then the data
transmitted to the controlling panel on the Hydrogen Island to produce and fill Ha.
The set value of 50% is in consideration of the demand for H: is fluctuating, if not
OAEFEITETICh EO xEI 1l AEEAAO 1 A@0O AAUG
refueled considering frequent shutdown and open the Hydrogen lIsland is not
appropriate for the system. When the control panel receives the data and the

25

O OAIIE



oy
1.5,

“ws” Zhejiang University Hydrogen Design Contest

powered valve to introduce the tap water and electricity was applied on the
electrolyzer.

Before electrolysis, the tap water was demineralized by a reverse osmosis
system (ROS). After the demineralization, a water conductivity sensor will detect
the value of resistance of demineralized water. If the value is not in the set range,

OAU €p-mgAih OEA AAOA xEI T OOAT Oi EOOAA Oi

remind the operator to check the tap water and the ROS.

In the electrolyzer part, voltage, currency, temperature and pressure will be
detected and transmitted. Long time running of the electrolyzer, passivation
phenomenon will occur on the electrode, which leads to the decrease of electrolysis
efficiency. The temperature of the cell also affects the electrolysis efficiency.
Higher temperature leads to high efficiency and vice versa. In the meanwhile, the
pH value of the electrolyte is also important to the efficiency of electrolysis, cause
it affects the over potential of the electrode. To maintain the cell operate in a high
efficiency range, a pH value detection is also a must. On the other aspect, the
outlet pressure of electrolyzer will affect the inlet pressure of compressor, so it
will also be detected and transmitted to the controlling panel, and all these
sensors will transmit the data and displayed on the screen.

The H2 produced from the electrolyzer will be cooled and purified to get a H»
concentration of 99.999%, and the dew point of the gas will also monitored in a
real-time manner. The controlling pane compares received data with set value to
determine whether it is in proper running. The operator use the information
displayed on the screen to diagnose the reasons and measure will be done to
make it running properly.

The 5N grade hydrogen will go through the compressor unit. In this unit, the
pressure of the hydrogen will be compressed from 1MPa to 90MPa, to increase
the energy density of the storage cylinders. However, the temperature of the gas
will increase due to the first principle of thermodynamics, this will lead to lower
energy density under the same pressure and moreover, when the temperature
above 80N , embrittiement will occur to the composite material of the cylinders.
So the manipulate of the flow rate of cooling water is also a must. To keep the
compressor run in a steady state, the inlkt flow rate shall be monitored and
manipulated. However, in case of mechanical error, the machine will run in an
unsteady state, vibration will occur and an abnormal voice will be sensed to
decide whether it in the proper operation. The voice can be measure in the decibel
value. Those all data will be displayed on screen to help the operator to judge the
situation of the compressor.

The compressed H2 will be filled in the cylinder stacks. The cylinders were
installed with pressure relief valve and with pressure sensors. The pressure
sensor will sent the pressure data to the controlling system and displayed on the
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screen. When the cylinders filled with Ho, that exceeds the set safety pressure
value for storage, the alarming will alert the operator and at the same time, the
pressure of the cylinder will burst the pressure relief valve to vent additional
hydrogen.

When the cylinder stacks were filled with compressed hydrogen, it will be
loaded to the drop-in hydrogen fueling station to transfer from Hydrogen Island to
Drop- in fuel station. A connection of storage cylinders to the controlling panel
and other equipment in the station to make it under monitoring in the drop-in
station when wandering in the city to refuel hydrogen filled vehicles.

In the drop-in fueling station, the control of the refueling process and the
pressure of storage cylinders and the pre-cooling effect are the most aspect to
control. Since a fast fill process is required, so a pre-cooler will be installed to cool
the hydrogen to nearly -30N A

The pre-cooler can be triggered to start when a dispensing begins. A flow
sensor will installed on the inlet pipeline to determine the flow rate of H, and thus
determining the power need to cool the H2A

As to dispensers, in accordance with the SAE TIR J2601 requirement of
communication, the nozzle boot will have function to detect the pressure and
temperature of tanks on the vehicle to control the fueling process. The controlling
of dispenser will not be incorporated in the controlling system considering the
operator will directly operate the dispenser and the Air Product Company had
well design the dispenser that seems no other controlling method need to
incorporate. When filling, the real-time pressure will be display on the screen,
from which, the operator can read the pressure data and judge how much have
keft in the tanks and whether it was filled up with Ho.

5.2 Maintenance

For the maintenance part, there should be maintenance check after any
shutdown to ensure that every unit in the system is in the proper manner.

To the electrolyzer part, the membrane of ROS system and the pH value of
the electrolyte shall be checked and the electrolytic cell shall be washed with the
frequency of six month a time. To the compressors, they are shall be checked
every week for any broken parts. And the storage cylinder shall be checked and a
replacement will need for any embrittkment in the composite cylinders. To the
pre-cooker, its cooling effect will be check for six month a time to ensure a
excellent cooling effect. With the dispenser, the accuracy will be checked annually.
For the pipeline and valves and controlling system, it should always under
monitoring since the pressure, flow rate and other parameter are always
displayed on the screen and sent to the controlling center by a third party. Any
misreading will be diagnosed and judged.
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6 ENVIRONMENT ANALYSIS

In this session, we compare the hydrogen infrastructure with electrolysis
method to produce hydrogen to the gasoline fueling station. The main items to
make comparisons are the emission of CO2, NOx and SOz, energy consumption,
and the amount of electricity, gasoline and water be put into the infrastructure.
'TA OEA AAT OOOE AheComudidyAral e riateinld usdd infthk
system impact on the environment also in the consideration.

6.1 Analysis Description

The contest guideline requires that the energy and resources analysis shall be
considered in this part. The energy consumed has a clearly relationship with the
hydrogen production method. As in the production, delivery, storage and
dispensing and usage, there may be CO> emission. Every function can be act as a
unit, which energy and resource must be put in the unit to produce hydrogen. Our
design use water electrolysis as the method to produce hydrogen. The water as
well as the electricity comes from the public utility of the city. The overall units of
this system are depicted as below.

electricity electricity electricity

Electrolyzer [> [Compressor] [> [ Storage J[:> |:>

Figure 14 Units in the Design Process

Of the Figure 14 depicts above, the system is based on the electrolysis. To
determine the energy consumed and CO2 produced in every unit. All the input
from the feedstock or output should be determined.

6.2 Calculation of Resource and Energy

From the equation of the water electrolysis, a demand of water of 900kg will
be supplied to the electrolyzer to produce about 60Nm3 per hour Ha, with a power
supply of 58.2kW/h. Then the H> goes to the compression unit, with a power
demand of 70kW per hour for the three stage compressors. With the assumed
dispensing rate of 1kg/min of hydrogen which needs to be cooled before
dispensing. In consider of the frequently shutdown and open of the pre-coolker. A
multiple of 1.5 will apply in the total demand of power of pre-cooler. The Table 10
below shows the power demand of different units.
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Table 10 Demand of Electricity for Different Unit of the System

Unit Power Power Demand
Electrolyzer 58.2kWh/Nm3 5824kWh
Compressor 70kwW 1306.7kWh

Pre-cooler 300kW 750 kWh
Other Equipment 5kwW 120kWh
Total 8000.7 kWh

6.3 Energy Balance

The raw material of the H> comes from tap water, the energy feed into the
system is mainly electricity. The energy of H is derived from its combustion
enthalpy of 285.8klJ/mol. With a daily demand of 28.37GJ electricity, produce H>
with energy of 14.29GJ. An energy efficiency of 50.37% can be achieved. The
Figure 15 below depicts the energy balance of the system.

Input: 28.37G]
Output: 14.29G]

Drop-in Fueling
Station

Efficiency: 50.37%

Figure 15 Energy Balance of the Drop -in Fueling Station

6.4 Emission Analysis

The emission analysis uses the Well-to-Wheels method to analysis the
emission of CO2, NOx and other components and comparison is made with the
ordinary gasoline fueling station.

6.4.1 CQ, PM2.5, NG, HCEmission Analysis

Since the main feed stocks are tap water and electricity, and the products are
H2 and Oz, apparently, there is no CO2 emission. But the electricity supplied from
the public utility may come from power plant. So it can assume that the H> fueling
station may dismiss CO: indirectly. The Greenhouse Gas Equivalencies Calculator
uses the Emissions & Generation Resource Integrated Database (eGRID) U.S.
annual to convert the kilowatt-hours into carbon dioxide emissions. Emission
Factor is 7.0555x104 metric tons CO2/kWh. The CO. discharged from the
traditional gasoline fueling station was determined from reference[2].

The emission of CO2, PM2.5, NOx and HC is calculated in the Tank-to-Well
emission analysis. Assuming that two vehicle, one is fueled with gasoline, the
other is fueled with H». For a vehicle, 8.92x10-3metric tons CO>/gallon gasoline %
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1/21.5miles per gallon car/truck average=4.77metric tons CO2/vehicle/year.
Apart from COo, the traditional vehicle fueled with gasoline will discharge NOy,
SO2 and PM2.5, while the H> fueled vehicle will not discharge any pollutant. We
analysis Well- to- Tank and Tank- to- Wheel emissions, and the data was listed in
Table 11 and Table 12 respectively. Table 13 listed the results of Well-to-Wheels
emissions analysis of the overall system.

Tablke 11 Well-to-Tank CQ, Emissions, Gasoline vs. H, Drop -in Fueling Sation

Item Well-to-Tank Emissions (kg CO./d)
Gasoline Station (L-B-Systemtechnik GmbH,
128.48
2002)
Drop-in Fueling Station 5560.23

Table 12 Tank-to-Wheel Emission Analysis

Emission g/(person*km) Euro 11I/1V Gaso line Car HFVs
COz kg/ vehicle/year) 4768.3 0
PMa5 g/ (person*km) 0.01-0.02 0

HC g/ (person*km) 0.02-0.1 0
NOx g/ (person*km) 0.05-0.3 0

Table 13 Well-to-Wheels Emissions Analysis of the Overall System

tems Well-to-Wheels Emissions CQ Emission Reduction
(kg COslyear) Rate (To Gasoline Station)
Conventional Vehicles 523725.2 -
HFVs 46895.2 91.05%

From the Table 13, it is obviously to see that the drop-in fueling station can
reduce the emission of CO2> 91.05% compare to the gasoline fuel station.
Alternatively, from the Tank-to-Wheels analysis, the vehicle fueled with gasoline
will discharge PM2.5, HC and NOy, so H: fueling station is definitely environmental
friendly.

6.4.2 Environmental analysis of other material.

The electrolyte is alkaline, with 30% of KOH, it can be cooled and recycled in
the electrolyzer. Besides, the O2 produced from the electrolyzer will discharged to
the environment with no pollution.

6.5 Noise Analysis

The main noise comes from compressor unit in the compression sector and
pre-coolker and ROS system. The vibration of compressor noise around 55-60
decibel. Considering the compressor is in the container, and the container is
located nearly 50 meters from community or roads, it can be acceptable and do no
EAOI O DAImtalydii@ EAAI OE A
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7 INTERFACE DESIGN AND CONSUMER EDUCATION

7.1 Objective

The interface design and consumer education is purpose to introduce the
OT Ax AT 1T A A Brfféeling s&ioA This Ge5igh and education program will
be targeted on the fuel cell vehicle owners or have the inclination to buy or
experience the car. This campaign will have the objective of make the impression
of safe energy of H> to the potential consumers, environmental friendly and
consumer convenience which can be located any place where hydrogen is needed.
It also has the objective to attract public or organization interest to the drop-in
hydrogen fueling station.

7.2 Interface design
The following picture is our advisement. It clearly illustrates our principal of
design and it transfer the message to the consumer that H> is Safe, Ubiquitous,

Powerful, Environmental and Renewable, or call a kind of SUPER energy. As
shown in Figure 16.

Hydrogen
The
S afe

Ubiquitous

P owerful

E nviromental
Renewable

Energy

Figure 16 Adverti sement for This Design
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7.3 Consumer Education

The customer education is to have an strong impression of safe,
environment-friendly, cost-effective and convenience by using the drop-in fueling
station.

The first part shall be background and policy introduction. As to the
education background part, the Green House Gas (GHG )effect and the shortages
of using petroleum and coke shall be presented To give a strong visual effect,
some pictures shall be put to address the aftermath of temperature rising and
energy deficiency. The policy will be specified to let the citizen to know why and
how to do it. In addition, hydrogen energy shall be introduced to give them an
impression of clean and sustainable or zero emission.

Second, the production and utilization of hydrogen will be explained how the
hydrogen energy works as a clean energy. For the production method, the
photovoltaic power regeneration and water electrolysis method will be explained
in details. Though the electrolysis method is electricity-intensive, which cause
about 7.0555 x 10-4 metric tons CO> per kWh, but ways of CO>-free method shall
be addressed such as the electricity shall come from nuclear power plant, or from
photovoltaic plate or even from the photochemical water splitting. To the
utilization part, the combustion reaction of different fuels shall be listed to make
comparison. The fuels include gasoline, CNG and coke. With the well know GHG
effect and the shortages of unsustainable fuels, it is clear for the citizen to see the
advantages of the hydrogen energy.

Third, the drop-ET  £OAT ET ¢ OOA QOEdnd pridcipd wilDBeA  /El T x
illustrated, and code or standard shall be specified to let them know that the
drop-in hydrogen fueling station is safe and always under monitoring and
controlling.

The overall introduction will be included in a brochure as the first step for
education. And another education plan is to show the information of current
usage of the drop-in fueling station, and worldwide use of hydrogen energy by
news and poster. Especially Germany as the most developed country in hydrogen
infrastructure.

For a better understand of drop-in hydrogen fueling station, knowledge
dissemination activities concerning hydrogen energy and hydrogen fueling station
will be held in different places in the Costa Mesa City. Those activities can be
hosted by city government or by the union of other three hydrogen fueling
stations. In a more wide range, this activity can let citizens more acceptable
hydrogen fueling station and even make them more inclination to buy or use
hydrogen fueled vehicles.

To make it more vivid, a video will be published to tell the consumer how the
32
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hydrogen produced from the water. The video will be played in a TV set installed
on the internal of the drop-in fueling station for the drivers to look and make then
understand the principals of the system with a repeat play function.

Hydrogen, a super energy! E=H>_

Figure 17 Advertisement on the Side of Container
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Reference 3: Summary Statement of Cash Flow Analysis for the Year 2015 - 2024

Table 13 Summary Statement of Cash FlowAnalysis for the Year 2015 - 2019

Year | 2015 | 2016 | 2017 | 2018 | 2019
Expenses
Capital Investment | -$1314468| o | o | o [ o
Operating Expenses
Electricity 0 -$244,134 -$244,134 -$244,134 -$244,134
Water 0 -$522 -$522 -$522 -$522
/| BAOAOT O 0 -$29,200 -$29,200 -$29,200 -$29,200
Total Operating
0 -$273,856 -$273,856 -$273,856 -$273,856
Expenses
Maintenance and Additional Expenses
Maintenance Costs 0 -$21,908 -$21,908 -$21,908 -$21,908
Equipment Delivery -$32,862 0 0 0 0
Security Tools -$25,000 0 0 0 0
Software and Control
Cosis -$228,000 0 0 0 0
Accessories -$33,000 0 0 0 0
The Truck and
Container -$70,000 0 0 0 0
Marketing Education -$15,000 0 0 0 0
The Land -$17,800 -$17,800 -$17,800 -$17,800 -$17,800
Total Maintenance
and Additional -$421,662 -$39,708 -$39,708 -$39,708 -$39,708
Expenses
Revenues
Hydrogen 0 $543,850 $554,727 $565,822 $577,138
Cash Flows
Income before Taxes 0 $230,286 $241,163 $252,258 $263,574
Income after Taxes $195,743 $204,989 $214,419 $224,038
Accumulation Cash
Flows -$1,736,130 | -$1,540,387 | -$1,335,398 | -$1,120,979 | -$896,942
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Reference 3 continued

Table 13 continued Summary Statement of Cash Flow Analysis for the Year 2020 - 2024

Year | 2020 | 2021 | 2022 | 2023 | 2024
Expenses
Capilinvesment | o0 | o | o | o | o
Operating expenses
Electricity -$244,134 -$244,134 -$244,134 -$244,134 -$244,134
Water -$522 -$522 -$522 -$522 -$522
I DAOAOT O] -$29,200 -$29,200 -$29,200 -$29,200 -$29,200
Total Operating
-$273,856 -$273,856 -$273,856 -$273,856 | -$273,856
Expenses
Maintenance and Additional Expenses
Maintenance Costs -$21,908 -$21,908 -$21,908 -$21,908 -$21,908
Equipment Delivery 0 0 0 0 0
Security Tools 0 0 0 0 0
Software and Control
Costs 0 0 0 0 0
Accessories 0 0 0 0 0
The Truck and
Container 0 0 0 0 0
Marketing Education 0 0 0 0 0
The Land -$17,800 -$17,800 -$17,800 -$17,800 -$17,800
Total Maintenance
and Additional -$39,708 -$39,708 -$39,708 -$39,708 -$39,708
Expenses
Revenues
Hydrogen $588,681 $600,454 $612,463 $624,713 $637,207
Cash Flows
Income before Taxes $275,117 $286,890 $298,899 $311,149 $323,643
Income after Taxes $233849.2 | $243856.8 | $254604.5 | $264476.4 | $275096.5
Accumulation Cash
Flows -$663,092 -$419,236 -$165,171 $99,305 $374,402
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Reference 4
Drawing of Hydrogen Island and Drop-in Fueling Station

Figure 18 Side View of Hydrogen Island

Figure 20 Side View of Drop -in Fueling Station
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Figure 20 Side View of Drop -in Fueling Station (with Dispenser and Screen Enlarged)

Figure 21 Top View of Drop -in Fueling Station
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