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Executive Summary

The great energy challenge of our generation is to secure affordable energy supply while cutting
greenhouse gas emissions, a task that may only be accomplished by making the transition to a low-
carbon economy with a diverse energy mix. Molecular hydrogen is a fuel that has the potential to
provide clean, renewable and affordable energy for the transport sector. We have designed a
decentralised, residential refuelling system, which is an excellent solution for early adopters of
hydrogen technology. A network of residential hydrogen refuelling stations could provide the basis
for a regional hydrogen infrastructure, which is in itself critical to the transition towards hydrogen-
fuelled transport.

The product package, comprising hydrogen generation, compression, storage and dispensing, as well
as all supporting components, is targeted at privately-owned single residential buildings in suburban
areas. While it is possible to retrofit existing homes for hydrogen refuelling, our design considers a
new-build property in order to fully optimise the efficiency and safety aspects of the system. System
components have been selected based on their efficiency, reliability, cost and present availability.
We have therefore chosen to use single-crystal silicon photovoltaic panels, a proton-exchange
membrane electrolyser, reciprocal compressors and gaseous hydrogen storage. Operating
conditions such as pressure and temperature have been carefully regulated for all components of
the refuelling system.

The residential refuelling system uses photovoltaic electricity to drive water electrolysis, hence
producing molecular hydrogen from two of nature’s cleanest and most plentiful resources — sunlight
and water. This state-of the-art, environmentally benign solution results in CO, savings of 4.9 tonnes
per annum for every new residential refuelling station constructed in the state of Arizona.
Nevertheless, the technology comes at a price, with the levelised cost of hydrogen estimated to be
$22.2/kgH,. This high cost of hydrogen is a direct consequence of using a commercially untested
technology for a small-scale application.

We therefore use a relatively large electrolyser, with the capacity of producing 4.3 kgH,/day. This is
enough not only to refuel the residential vehicle, but also to sell excess hydrogen to other fuel cell
vehicle owners using our novel Smart Hydrogen Autonomous Refuelling Exchange (SHARE). The
availability of hydrogen stores is communicated to the local traffic through smart phone
applications, GPS and vehicle navigation systems, which alert drivers to the cheapest local offer. This
concept allows private households, which have sufficient stores of hydrogen, to compete for
customers. Our design not only provides early adopters with residential hydrogen refuelling, it helps
set the foundations for a successful hydrogen business.

The challenge facing the uptake of hydrogen is one of delivering the early phase of refuelling
infrastructure. Once this hurdle has been overcome, the technology pathway for a wide deployment
of hydrogen is opened up; the technology lock-in will have been overcome. As an enabling
technology, home refuelling with participation in SHARE can support the pathway towards a lower
cost system and ultimately allow hydrogen to fulfil its potential as the sustainable fuel of the future.
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1. Fuelling Systems Technical Designs
1.1.Design Overview

The fuelling systems technical design may be separated into two distinct categories: the civil
engineering design of the refuelling residential property and the technical process design of the
refuelling system. The main aims of the refuelling residential property design were to engineer a
new-build house, to maximise the available photovoltaic surface area, to locate the major refuelling
system components safely, and to conveniently position the hydrogen dispensing unit.

The technical process design focused on identifying the technological components required for
residential refuelling, including the production, compression, storage, cooling and dispensing of
hydrogen. Technologies were chosen based on their efficiency, reliability, cost and present
availability. Operating conditions such as pressure and temperature were carefully regulated for all
components of the refuelling system. The system was sized not only to enable the refuelling of the
residential vehicle, but also to provide the opportunity to sell additional hydrogen to the wider
community. Hydrogen flow rates through the entire refuelling system were calculated and major
energy losses were identified.

1.2. Residential Refuelling Property Design

A single family-owned suburban house was chosen as the residential refuelling property for this
project. This allows us to avoid the inevitable refuelling infrastructure ownership and cost/benefit
sharing issues that arise when considering multiple-ownership buildings or larger hydrogen
communities. Our residential refuelling design is aimed at early-market adopters of hydrogen
technology, and the reality is that it is much simpler to incentivise a single owner to go down this
route. The design therefore focuses on a single owner who produces enough hydrogen to
residentially refuel his/her own vehicle, and also has the capacity to potentially sell extra hydrogen
to other fuel cell (FC) vehicle users.

We have decided to locate the residential property in the state of Arizona. This southern state was
shamelessly chosen in order to maximise the potency of installed photovoltaic (PV) capacity. In
addition, Arizona neighbours California, where some fuel cell vehicle adoption and hydrogen
refuelling infrastructure already exists [CA.Gov (2010)]. Locating the residential refuelling station in
Arizona allows us to expand this hydrogen sphere of influence to a hereto unexplored market. Our
design envisions a suburban dwelling in Arizona, hence placing few space limitations on the house
design, so that the refuelling system components may be located in the safest and most convenient
way possible.

Both practical and aesthetic reasons were taken into account when designing the refuelling house.
Figure 1.1 shows the house design and the location of all the key refuelling components, including
the PV panels, electrolyser, storage tank, fire hydrants and dispenser. Various side views and a plan
view of the house may be seen in Figure 1.2. Alternative refuelling house orientations may be found
in Appendix A1, while the house interior design is shown in Appendix A2. The surface area of the
property is 1050 m? and the footprint of the house is 140 m?.

Almost 170,000 TW of solar power is incident on the Earth’s surface — if only a fraction of this
resource could be harvested economically, it would provide a long-term solution to growing global



energy demand [US DOE (2009b)]. PV technology is one of the most efficient and market-ready
technologies for harvesting solar irradiation. The most common argument used to discredit PV
electricity — its intermittency — is solved by chemically storing the produced electrons in the form of
molecular hydrogen (H,). Therefore, the use of PV panels for the production of electricity should be
encouraged. In order to facilitate this, the roof of the house is designed in such way, that:

e Itis able to accommodate 120 m? of PV panel surface area
* It faces south, so that the daily exposure to sunlight is maximised
* Its slope is such that it complies with the mean sun radiation angle during the year

In addition to that, an extra 30 m? of PV panels can be allocated on the top of the utility shed right
next to the house, which has the same characteristics as the roof (facing south, same slope). The
inclination of the house and utility shed roofs is at 20% to the horizontal. This inclination was chosen
to comply with the mean solar radiation angle in Arizona (the inclination is not perfect since the
angle actually varies over the course of the year) and also to make sure that the inner roof of the
house is not too high, which would result in difficulties during construction [About.com (2010)].

The total surface of the PV panels is therefore 150 m?, of which approximately 80% is usable, giving
an active PV surface area of 120 m? [US DOE (2009b)]. The yearly-average solar irradiation in
Phoenix, Arizona is 232 Wm™ [NREL (2010)]. The highest PV efficiency was reported on June 23™
2010 by the San Jose based company SunPower, a record that was confirmed by the National
Renewable Energy Laboratory (NREL) [PR Newswire (2010)]. This full-scale solar panel, based on
single-crystal silicon technology, has a sunlight-to-electricity conversion electricity of 24.2%. The
installed PV capacity is therefore capable of providing a yearly-average of 6.74 kW of electric power,
which translates to 162 kWh at constant operation.

The complete electrolyser system efficiency, including all energy losses, is 15.46 kW (see Section 4).
PV can therefore supply 43.6% of the electrolyser system power requirements. The electrolyser
needs to be operated as a hybrid system, where PV provides the electricity during the daytime (the
average daylight duration in Phoenix, Arizona is 12.2h [About.com (2010)]) and electricity is bought
from the central grid during the night. There is also the possibility of using the electrolyser as a
dispatchable load to help balance the grid. In this operational mode, the electrolyser would be
switched off during hours of peak electricity demand, particularly in the late afternoon and evening.

In order to make the system safer, the allocation of the electrolyser, the storage tank and the
dispenser is such that they are not close to the kitchen of the house, which is the main source of
potential sparks and ignition. Fire hydrants are provided at critical locations adjacent to the
electrolyser and the dispenser. The cabinet where the storage tank is accommodated is made of
concrete, it is located underground and it is accessible by a surface trapdoor. The trapdoor contains
a vent to allow any leaking hydrogen to harmlessly disperse into the atmosphere rather than remain
trapped underground. The selection of the land parcel is such that it is next to a cross road, so that
non-residential vehicles can be served more easily. As well as featuring a large PV surface area, the
house is also connected to the central electricity grid, so that the electrolyser can be run in hybrid
operation to produce H,



Figure 1.1: Residential refuelling house viewed from the Southwest — the surface area of the property is 1050 m” and the footprint of the house is 140 m?
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Figure 1.2: Residential refuelling house viewed from different orientations



1.3. Refuelling System Technical Design
1.3.1. Technical Design Summary and System Sizing

The refuelling system technical design may be split into two sections: the continuous water
electrolysis and hydrogen gas compression and storage operations, and the on-demand fuel cell
vehicle refuelling operation (Figure 1.3).

The continuous operation process is sized based on the H2m commercial PEM electrolyser from
Proton Energy Systems (2009). The electrolyser has a nominal operating power requirement of 14.6
kW; it uses an input of 38.8 kg/day of deionised water to produce 34.5 kg/day of oxygen and 4.3
kg/day of hydrogen. This material balance assumes a perfect decomposition of water into H, and O;
the reality is that some of the water exits the electrolyser stack together with the H, product. A gas-
liquid separator is used to extract the water and recycle it back into the electrolyser [Proton Energy
Systems (2009)]. The stated water consumption rate of 38.8 kg/day is therefore the top-up water
feed required by the electrolyser. An Elga Systems laboratory-scale deioniser is used to supply the
ASTM Grade Il purity water required by the PEM electrolyser [Elga Process Water (2009)]. The
electrolyser operates at 80°C temperature and at 30 bar pressure; a high-pressure liquid diaphragm
pump is used to maintain the deionised water input into the electrolyser at 30 bar [HydraCell
(2010)1.

The O, produced is pumped into the local sewage network (see Section 4) and the H, is stored in
gaseous form in a 200 bar tank. Based on typical FC vehicle usage rate of 35 miles/day and a drive
cycle of 44 miles/kgH,, it has been calculated that 0.8 kg of H, are required to refuel a full FC vehicle
tank [MIT (2010)]. The H, production rate of 4.3 kg/day is therefore sufficient to not only refuel the
residential vehicle, but to also commercially refuel an additional 4 FC vehicles per day via the SHARE
program (see Section 1.4). The hydrogen pressure can be raised from the 30 bar electrolyser output
pressure to the 200 bar pressure required for storage through a single-stage 186 W compression by
a reciprocating compressor [Celtic Diving Base (2010)]. An additional 33 W of cooling power are
required to reduce the compressed gas temperature from 324°C to 25°C. An example
thermodynamic compression calculation is shown in Appendix B1. The gas is stored in a tank made
from carbon fibre with reinforced plastic (H, tank type IV) at 200 bar (see Section 1.3.3).

The on-demand operation is based on a hydrogen flow rate of 0.667 g/s, which is the rate required
to refuel the 0.8 kg tank in 15 min (see Section 1.3.4). A 177 W compressor, operating in isothermal
mode, is used to raise the refuelling pressure to the 440 bar requirement for a Type-D refuelling
station [SAE (2010)]. The on-board tank pressure has been assumed to be 350 bar. The refuelling
nozzle features a closed-loop return line to the storage tank to ensure that the on-board tank cannot
be overpressured.



Figure 1.3: Technical design flow diagram
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1.3.2. Electrolysis

Water electrolysis to produce gaseous hydrogen and oxygen is a long-established process. The water
electrolyser essentially takes in pure water and direct current electricity and outputs H, and Oy; it is
the reverse of a hydrogen fuel cell. Electrolyser technology may be implemented at a variety of
scales wherever there is an electricity supply. It may be located conveniently close to the points of
demand (to minimise gas infrastructure costs) or at large sites feeding into gas distribution
infrastructures involving ships, tankers and/or pipelines. Electrolysers can thereby provide H, and/or
O, for virtually any requirement.

Electrolysers are usually of high conversion efficiency, with the best commercially available examples
approaching 90% efficiency [NREL (2009)]. Accordingly the carbon-footprint of the generated H, and
O, is principally a function of the input electricity. Thus it is envisaged that future low-carbon
economies will exploit electrolyser technology to deliver ‘low/zero carbon hydrogen’ for fuel cells
and other uses. The implication here is that electrolysers may well be implemented at levels very far
in excess of those applying today. Unfortunately the principal factor inhibiting the advance of
electrolysers beyond the specialist applications they serve today is cost. Large decreases in unit
costs will be essential if electrolyser technology is to realise its future potential within low-carbon
economies. Indeed until such cost breakthroughs are achieved the delivery of low/zero carbon
hydrogen in bulk will be inhibited.

There are three principal types of water electrolyser: alkaline (referring to the nature of its liquid
electrolyte), solid-oxide (referring to its solid ceramic electrolyte) and proton-exchange membrane
(PEM; referring to its solid polymeric electrolyte). The alkaline and PEM electrolysers are well proven
devices with thousands of units in operation, while the solid-oxide electrolyser is as yet unproven.
The PEM electrolyser is particularly well suited to highly distributed applications. The alkaline
electrolyser currently dominates global production of electrolytic hydrogen [NREL (2009)].

The operation of an alkaline electrolyser depends on the use of a circulating electrolyte solution
(usually potassium hydroxide) for transferring hydroxyl ions. Alkaline electrolysers operate at
relatively low current densities of <0.4 A/cm” and conversion efficiencies range from 60 to 90%.
Without auxiliary purification equipment, gas purities are typically 99.8% and 99.2% for H, and O,
respectively. Several large alkaline electrolysers of >100 MW have been applied (e.g. in Egypt and
Congo to utilise hydropower to generate ‘renewable hydrogen’) [Newborough (2004)]. A modern
alkaline electrolyser will achieve an efficiency of ~ 90% (consuming about 4 kWh of electricity per m?
of H, generated at standard temperature and pressure) and deliver gas at up to 30 bar without
auxiliary compression. However, significant post-electrolysis electricity consumption is incurred for
gas compression to deliver H, and O, at the pressures required by industry and for storage on-board
hydrogen vehicles (350-700 bar) [Newborough (2004)]. The key factors favouring the alkaline
electrolyser are that it obviates the need for expensive Platinum-based catalysts, it is well proven at
large scale and it is usually of lower unit cost than a PEM electrolyser.

The operation of a solid-oxide electrolyser depends on a solid ceramic electrolyte (zirconia/ceria),
which at temperatures of 800-1000°C transfers oxygen ions (O%). The solid oxide electrolyser
requires a source of high-temperature heat. By operating at elevated temperatures, the heat input
meets some of the energetic requirement for electrolysis and so less electricity is required per m* of
H, generated, compared with the other electrolyser technologies. However, to date, prototype solid-



oxide electrolyser units have not achieved useful operational lives and substantial engineering
problems exist with respect to thermal cycling and gas sealing. Accordingly, it is premature to make
comparisons with alkaline and PEM electrolysers [Newborough (2004)].

The operation of a PEM electrolyser depends on the use of precious metal catalysts (Platinum,
Platinum/Ruthenium) and a solid polymeric electrolyte for transferring protons. As applies for PEM
fuel cells, DuPont’s fluorocarbon-based ionomer, Nafion, dominates most designs of PEM
electrolyser. PEM electrolysers have achieved >100,000 hours continuous operation without failure
in critical environments (e.g. O, provision for nuclear submarines) [Barbir (2005)]. They can operate
at much higher current densities than alkaline electrolysers (1-2 A/cm?), with conversion efficiencies
ranging from 50 to 90%, but cannot yet achieve high efficiencies at high current densities. In this
context, one of the stated research aims of the ambitious Japanese WE-NET hydrogen programme is
to achieve a PEM electrolyser stack of 2500 cm?” operating at >1 A/cm?®and >90% efficiency [Arato &
De Francesco (2002)]. Without auxiliary purification equipment, gas purity is typically 99.999% both
for H, and O,. Operation at high pressure (including high differential pressure between the hydrogen
and oxygen side up to 200 bar) is proven and the need for auxiliary gas compression is then

considerably less than for the alkaline electrolyser.
An in-depth comparison of different electrolyser technologies is shown in Figure 1.4.

The PEM electrolyser has been chosen as the desired technology for this design project. PEM
electrolysers are inherently safer than their alkaline counterparts because there is no need to deal
with a strong alkali solution. Unlike the solid oxide electrolyser, PEM electrolysis is a mature,
commercially available technology. PEM electrolysis produces the purest H, — the gaseous output
complies with fuel cell vehicle requirements without the need for additional purification steps.
However, the key factors favouring the PEM electrolyser are that it avoids the requirement to
circulate a liquid electrolyte, it operates at a high current density (offering a small footprint), and it
has the intrinsic ability to cope with transient variations in electrical power input. It therefore has
outstanding applications flexibility with respect to capturing intermittent renewable electricity
supplies, such as wind and solar power.

The PEM electrolyser system has been sized based on the Proton Energy H2m model, as shown in
Figure 1.3. It is capable of producing 4.3 kgH,/day at constant, optimised operating conditions (while
also producing 34.5 kgO,/day). The electrolyser requires ASTM Type Il purity deionised water
input, which is provided by a deioniser at a top-up rate of 38.8 kg/day. The deionised water
input is pressurised to 30 bar with a diaphragm pump so that the PEM electrolyser operates at
constant pressure. The electrolyser is operated as a hybrid system with the electrons coming from
either the installed residential PV capacity or the central electric grid. Oxygen produced by the
electrolyser is pumped into sewage (see Section 4), while the hydrogen is compressed to 300 bar
and stored to be used for residential and commercial refuelling.



Figure 1.4: A comparison of different electrolyser technologies [ITPower (2011)]
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1.3.3. Storage

The hydrogen produced by electrolysis could be stored in many different ways. Three of the most
popular are: MOF 177, Metal Hydrides and compressed gas storage. MOF 177 is a material that
belongs to the metal-organic framework of compounds. The method of storing liquefied hydrogen
within the molecular framework of a solid is called cryo-compression of H, and it requires a great
amount of energy to cool it approximately to 100K [Yaghi & Rowsell (2005)]. For this reason this
material was rejected. Metal hydrides storage is reversible chemical storage. Hydrogen is absorbed
by the metal hydrides and it is released only when high temperatures are applied (120 — 200°C)
[Yaghi & Rowsell (2005)]. The problem with this method of storage is that very high temperatures
are needed to achieve high pressures (200-300bar).

As a result, the most convenient way of storing hydrogen is in a compressed hydrogen gas tank. The
energy density of gaseous hydrogen can be improved by storing hydrogen at higher pressures. This
higher pressure requires material and design improvements in order to ensure tank integrity. The
use of stainless steel is avoided as the most common mode of failure in hydrogen storage is caused
by hydrogen embrittlement (see Section 2). The material chosen for hydrogen storage is carbon fibre
with reinforced plastic (H, tank type 1V) [US DOE (2010)]. Such tanks are already in use in prototype
hydrogen-powered vehicles. The inner lining of the tank is a high-molecular-weight polymer that
serves as a hydrogen gas permeation barrier. A carbon fibre-epoxy resin composite shell is placed
over the lining and constitutes the gas pressure load-bearing component of the tank. Finally, a
carbon fibre outer shell is placed on the tank for impact and damage resistance. The Department of
Energy (DOE) targets for 2010 and 2015 concerning the hydrogen storage capacity and refuelling
rate are given in Table 1.1.

Table 1.1: Hydrogen storage parameters [US DOE (2011)]

Storage Parameter 2005 2010 2015
Gravimetric Capacity 1.5 kWh/kg 2.0 kWhikg 3.0 kWh/kg
(Specific energy) 0.045 kg H. kg 0.060 kg H./kg 0.090 kg H,/kg
System Weight: 111 Kg 83 Kg 55.6 Kg
Volumetric Capacity 1.2 kWh/L 1.5 kWh/L 2.7 kWh/L
(Energy density) 0.036 kg H,/L 0.045 kg H,/L 0.081 kg H,/L
System Volume: 139 L 111L 62 L
Storage system cost $6 /kWh $4 /kWh $2 /kWh
System Cost: $1000 $666 $333
Refueling rate .5 Kg H,/min 1.5 Kg H,/min 2.0 Kg H,/min
Refueling Time: 10 min 3.3 min 2.5 min

Based on the calculations shown in Appendix B2, our hydrogen tank is going to have a volumetric
capacity of 46.5 L and its dimensions are going to be: L = 0.80 m and diameter, D = 0.27 m. This
cylinder will be placed underground, with a ventilation system for safety reasons. The excavation
that the tank will be placed in will have the following dimensions: 1 x 0.6 x 0.6 m.
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1.3.4. Compression and Refuelling

There are many different types of compressors available on the market. Currently, hydrogen is
typically compressed by a reciprocal compressor, due to their compact design and high efficiency
(more efficient than centrifugal compressors or rotary screw compressors) [US DOE (2009a)]. These
reciprocal compressors can achieve 56% isentropic efficiency and 92% motor efficiency, in total, 51%
compressing efficiency [US DOE (2009a)].

Hydrogen in our system is stored at 200 bar. In order to refuel a fuel cell tank of 350 bar, an
overpressure of up to 440 bar may be required [SAE (2010)]. A compressor is needed to compress
hydrogen from 200 bar to 440 bar before refuelling. The theoretical energy required to compress
hydrogen (isothermally) is 0.322kWh/kgH, [NIST (2008)]. With a 51% efficiency compressor, the
energy required to compress hydrogen form 200 bar to 400 bar is 0.631 kWh/kgH,.

Fuelling station dispensers are well-defined in the standard SAE TIR J2601 according to different
pressure and temperature conditions. For a 350 bar FC vehicle tank, 4 types of refuelling dispenser
are available in the standard, shown in Table 1.2.

Table 1.2: Pre-cooling capability and refuelling time of 4 types of 350 bar dispenser [SAE (2010)]

. - Refuelling
Type Pre-cooling Capability ]
Time*
A -40°C T, Capable Dispenser 2.3 min
B -20°C T Capable Dispenser 2.7 min
C 0°C Twe Capable Dispenser 9.5 min
D No-Pre-Cooling or ambient Ty, Capable Dispenser 27.7 min

*refuelling at 25°C from empty (2MPa) until full (target pressure given in Table 1.3).

The energy required for pre-cooling is about 0.2 kWh/kgH, [US DOE (2009a)], nearly one third of the
compression energy. For a type D refuelling station, the duration of refuelling is longer, but the
energy consumption for refuelling is reduced. For the purpose of residential use, the refuelling
duration is not critical; it is not too difficult to start refuelling the vehicle ten or twenty minutes
before driving it out. For commercial applications, however, the refuelling duration of 27.7 min is a
significant concern. It should be noted that this duration is the time required to refuel an empty tank
— a half-empty tank would require a more manageable 10 min, and during winter, only several
minutes are needed to fully fill a tank.

In order to reduce energy consumption during refuelling, it is preferable to have no pre-cooling
dispenser. The result is the D-35 type dispenser given in the SAE standard. However, the
temperature of the on-board tank should not exceed 85°C [SAE (2010)], which constrains the fuelling
rate. Table 1.3 shows the average pressure rap rate (APRR) of the D-35 type dispenser at different
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ambient temperatures, set to ensure that the temperature of the on-board tank will not exceed
85°C. For example, if the ambient temperature is 25°C, it may be read from Table 1.3 that the APRR
is 1.3 MPa/min. Starting from an “empty” tank (2MPa), approximately 27 minutes are required to
fully fuel the tank (38MPa) [NIST (2008)].

Table 1.3: Type D-35 fuelling ramp rate and pressure target [SAE (2010)]

Average

Pressure Fueling Target Pressure, Piarger (MPa)
D-35 |RampRate,

APRR Initial Tank Pressure, P, (MPa)
(MPa/imin) [ 2T 5 | 10 [ 15 20 [ 30 35 | >35
>50 | no no no no fueling [no no fus no no fueling | no
IT) 50 0.3 41.2 40.9 40.2 394 38.7 37.2 36.4 [no
9:‘ 45 0.3 40.6 40.1 39.4 38.7 38.1 36.9 36.4 [nofuel
H 40 0.5 39.9 39.5 38.8 38.2 37.6 36.7 36.4 [no
- 35 0.7 39.3 38.9 38.3 37.7 37.3 36.7 36.3 [no
f 30 0.9 38.6 38.2 37.5 37.0 36.6 36.0 35.6 [no
.2 25 1.3 38.0 37.5 36.9 36.4 36.0 35.4 |nofueling|no fuell
s 20 1.8 373 36.9 36.3 35.8 354 34.8 |no fueling|no fuel
E' 10 3.4 36.3 35.8 35.2 34.8 344 33.4 |nofueling|no fueli
'd_-* 0 6.4 35.6 35.1 34.5 34.0 334 31.9 |nofueling|no
2 -10 10.4 35.0 34.5 33.7 331 32.3 30.5 |nofueling|no
2 -20 15.1 343 33.7 32.8 32.0 31.0 [no no fueling [ no fuel
'E -30 15.1 33.0 324 31.4 30.5 29.4 [no no fueling [no
< -40 151 32.4 31.9 31.0 30.3 29.3 [no no fueling|no
< -40 | nofueling |no fueling|no fueling|no fueling | no fueling | no fueling | no fueling | no fueling | no fueling

Natural gas refuelling is the most similar technologically-mature system to H, refuelling. The transfer
between the produced H, and the vehicle storage tank needs to be safe and easy to use, so that the
user could refuel his/her own vehicle with minimal complications. The nozzle that we propose to use
is supplied by WEH and is shown in Figure 1.5 [WEH (2010)]. This nozzle is a closed loop system,
which prevents any unintended release of H, due to over-fuelling the car tank. The nozzle is
equipped with a data transfer interface between the vehicle and refuelling station, providing a
feedback control system for the refuelling rate and tank capacity. When the on-board tank is fully
filled and in the scenario where the tank is still being filled, the return line valve would open in order
to relieve the pressure back to the hydrogen storage tank. This would prevent over-pressure of the
on-board storage tank.

In addition, the hose assembly is fitted with a breakaway coupling system between the dispenser
and refuelling hose (Figure 1.5). In the event of a vehicle driving away from the dispenser with the
nozzle intact, the system would separate and prevent any release of H,, hence protecting both the
refuelling customer and the dispenser from unnecessary damage.

330 mm

Fig 1.5 H, refuelling nozzle and the breakaway coupling system [WEH (2010)]
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Figure 1.6 shows Honda’s hydrogen refuelling station prototype [Honda (2011)]. We propose that
our residential refuelling station should use a similar type of dispenser. Pre-communication between
the consumer and the refuelling station is necessary in our case. A contract is made according to the
hydrogen level in the vehicle’s on-board tank and the residential storage tank (see Section 1.4).
Upon successful conclusion of the contract a four-digit code is generated, which unlocks the
refuelling dispenser for the customer. The refuelling dispenser is located outside the house, and
remains closed until the four-digit code is correctly typed into the upper screen. The lower panel is
then opened and the refuelling may begin.

Figure 1.6: Honda's Hydrogen Refuelling Station Prototype [Honda (2011)]
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