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Abstract

Recent efforts to reduce carbon emissions have resulted in increased interest in adopting either full
electrification or a hydrogen economy. As a means of decarbonization, adoption of pure hydrogen is
likely more economical than full electrification, particularly in Alberta, where the climate, natural gas
availability and carbon capture assets must be considered. Building out the electrical grid to have
equivalent supply, storage, and resiliency as a natural gas network would be a serious challenge.
Blending hydrogen into the existing natural gas distribution network is a method that both saves capital
cost and can reduce greenhouse gas emissions. ATCO Gas and Pipelines Ltd., a Canadian natural gas
utilities provider, has an ongoing project in Fort Saskatchewan, Alberta, to produce hydrogen and blend
it into a local natural gas distribution network.
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Introduction

Globally, fossil fuels are the dominant energy source. While greenhouse gas emissions have attracted
public attention in recent decades, the relative proportion of fossil fuel usage has been maintained for
several years [1], suggesting major challenges to adopting renewable sources of energy. Therefore,
efforts to reduce fossil fuel consumption while leveraging existing infrastructure are desirable. One such
strategy is to blend hydrogen into existing natural gas pipelines.

Hydrogen is known as a carbon-free fuel, which can provide a Net Ideal Gas Heating Value of approx. 10
MJ/m3 [2] (for comparison, natural gas provides a Net Ideal Gas Heating Valve of approx. 35 —51 MJ/m3).
Although hydrogen can be stored as a compressed gas or cryogenic liquid, due to the difficulties of large-
scale storage and long-distance transportation of high-purity hydrogen, using it as a complete alternative
still has some limitations [3]. In attempts to address these challenges, many regions are establishing
hydrogen hubs or clustering local H, production together with storage and demand.

As a form of secondary energy, hydrogen can be produced from primary energy sources including biomass
and fossil fuels or from electrolysis of water using electricity as a secondary energy source [4]. Currently,
in Alberta, most hydrogen is produced from steam methane reforming (SMR), which generates large
quantities of hydrogen but results in higher carbon dioxide emissions (although this can be mitigated via
carbon capture, utilization and storage). Producing green hydrogen from electrolysis of water is relatively
straightforward when compared to the SMR process, but is not as prevalent in Alberta due to the
guantities needed for various industries (e.g. crude oil processing).



Although the cost of hydrogen production via electrolysis is currently higher than that from steam
methane reforming [5], there is the potential to use electricity from renewable energy sources, including
solar, nuclear, wind, hydro, and geothermal which do not produce carbon dioxide as a byproduct.

To achieve emissions reductions, blending a certain portion of hydrogen into existing natural gas
distribution systems can be a means to leverage existing infrastructure. In this way, hydrogen can be
safely transported, and the greenhouse gas intensity of the natural gas can be incrementally reduced
[6]. This paper will review such a project, as well as the essential design, operating, and safety
considerations.

Project Description

The blending station, owned and operated by ATCO Gas and Pipelines Ltd., is located in Fort
Saskatchewan, Alberta, and is the first hydrogen blending facility in the province. Nationally, it is the
second such blending facility, next to Enbridge’s Power-to-Gas facility in Markham, which has a
maximum H; blend of 2%. Also, ATCO’s project is the largest by blend percentage in Canada. Starting
from 5% (by volume), the hydrogen content will gradually increase to 20% of the natural gas supplied to
a small section of the province. Approximately 2,100 homes and businesses will receive the blended
natural gas at 5%, and a smaller subset of those customers when it reaches 20%. The project could
produce more than 150 tons per year of hydrogen in the future, potentially reducing emissions by more
than 1,000 tons of CO; annually, as compared to using standard natural gas. In 2022, the Government of
Alberta committed $2.8 million to the hydrogen blending project through Emissions Reduction Alberta
(ERA).

Process Description

As illustrated in Figure 1 of the hydrogen production process, municipal water (S1) is used as the water
supply and is first filtered and softened by two (2) parallel De-lonization (DI) filters before being almost
fully demineralized in the reverse osmosis (RO) unit, where approximately half of the feed water can be
purified. The purified water from the RO unit is then deionized by two (2) DI Beds in series. An Ultraviolet
(UV) Radiation Tank further sanitizes the water by killing any bacteria present.

The ultra-pure water (52) from the water purification system is stored in the Water Buffer Tank, then
sent to the Oxygen Separator to remove any dissolved air. A water polishing loop (Figure 2) is added to
increase the efficiency of the oxygen removal. To achieve this, a portion of the ultra-pure water will be
used as polishing water (S3), which is pumped through a Polishing DI Bed and returned to the Oxygen
Separator as a recycle fluid (S4). The de-oxygenated water (S5) is cooled using a Glycol Cooler before
being sent as feed water (S6) to the electrolyzer.

Feed water (S6) is sent to the Electrolyzer Stack at approximately 1,100 kPag for hydrogen production.
The produced hydrogen (S7) goes through both a Hydrogen Separator and Dryer Unit for water removal.
In the Hydrogen Separator, free water and H; are separated, with the water (S10) recycled back to the
Oxygen Separator. The separated H; (S8) is further dried by four (4) Adsorber Vessels, with the dry, high-
purity hydrogen product (S9) sent to the Hydrogen Storage Vessel.

Nitrogen is used as purge gas in the Anode, Cathode, Hydrogen Separator, Dryer, and H, Sampling Rig to
remove any possible hazardous compositions. Produced oxygen (S12) from the Electrolyzer Stack,



together with O, removed from the feed water (S13), is vented to atmosphere after analyzing the
hydrogen content. Drain water is sent to the municipal sewer.

The generated hydrogen (S11) from the Storage Vessel, which has a normal operating pressure of 4,000
kPag (4,960 kPag vessel design pressure), is regulated down and sent to the Blending Station. The
hydrogen is split into parallel branches, primarily for coarse and fine control of gas flow rate, then
injected into a branch of the local natural gas (S14) distribution system. The Maximum Operating
Pressure of the existing natural gas distribution pipeline is 550 kPag.
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Figure 1. Electrolyzer Hydrogen Production and Blending BFD
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Hydrogen Production Electrolyzer Unit

The water electrolysis reaction occurs inside the Electrolyzer Stack with 480 VAC, 60 Hz grid electricity
supplied from site, with the major subsystems being cathode, anode, and membrane. Referring to
Figure 3, which assumes a one-dimensional membrane, current and reactants are distributed uniformly
through the stack. Water loses two (2) electrons at the anode and forms oxygen and hydrogen, with the
hydrogen ions permeating through the Proton Exchange Membrane (PEM) to the cathode. The two (2)
hydrogen ions then receive two (2) electrons at the cathode and form molecular hydrogen.
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Figure 3. Electrolyzer Stack Main Subsystems

The electrolyzer is manufactured by a leading electrolysis fabricator produces systems utilizing PEM
technology. As one of the predominant electrolysis stack technologies today, PEM has the advantage of
the ability to operate over a wider current density range (0.1 — 6 A/cm?), compared to that for a
commercial alkaline electrolyzer (0.1 — 0.4 A/cm?) [7]. According to the Fraunhofer Institute for Solar
Energy Systems ISE, a PEM electrolyzer system will save approximately one third of the total ownership
cost when compared to a similar alkaline electrolyzer system [8].

When scaling to a much larger system (i.e. above 10 MW), the PEM electrolyzer has an advantage in
balance of plant (BOP) economics because the capital expense of an alkaline electrolyzer increases
significantly as the system scales. An alkaline electrolyzer stores caustic solution on-site, which will
require extra storage and maintenance expenses. Since hydrogen transportation requires high pressure,
with the use of solid polymer electrolyte, which supports large pressure gradients across the PEM
electrolyzer, it will save compression costs by bringing the hydrogen up to 4,000 kPag when producing,
compared to the 100 — 1,000 kPag pressure range produced by an alkaline electrolyzer [9].

Referring to Table 1 and Table 2, the electrolysis unit’s fabricator has designed a model (up to 1 MW
capacity) that can satisfy the power capacity requirement for the system, the minimum product purity
(>98%), and pressure requirement (>690 kPag). It also has the advantage of a wider range of ambient
temperature range, short start times, and high annual availability.



Table 1 Technical Specifications: 1 MW Standard Electrolyzer System in Fort Saskatchewan.

Electrolyzer Characterization Value
H, Production 200 Nm3/hour / 18 kg/hour
H, Purity Up to 99.999%
Water Consumption 10 kg / kg H, Produced
H, Pressure 4,000 kPag
Ambient Temperature -45 to +40 °C
Maximum Operating Hours per Day 24 hours
Assumed Maintenance Downtime per Year 32 hours
Annual Availability Estimate >99%
Cold Start Time 5 minutes
Warm Start Time 30 seconds

Table 2. Blending Grade Hydrogen Specification

Component Value
Hydrogen, mol% >98
Methane, Carbon Dioxide, Total HC, mol % <1.0
Water, ppmv 20
Carbon Dioxide, ppmv <20
Oxygen, mol% <0.2
Sum of Argon, Nitrogen and Helium, mol% <2.0

Turndown Operation

In order to optimize the process and minimize electricity consumption of the electrolyzer, summer
turndown will be an important consideration. Referring to the projected monthly hydrogen demand
curve for a selected distribution network (Gate 5) in Fort Saskatchewan (Figure 4), under 5% of H,
blending condition, the actual required hydrogen flow rate fluctuates dramatically with the season.
During winter, the anticipated hydrogen demand can reach as high as 300 kg/day, but in summer the
minimum requirement may drop to 20 kg/day. Based on this trending, the electrolyzer system must
meet winter’s maximum hydrogen requirement and will operate at a lower turndown ratio in the
summer, when demand is lower.



Hydrogen Demand Curve
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Figure 4. Projected Hydrogen Demand Curve for a 5.0 Vol% H,/Natural Gas Blend

Safety Codes

Because of hydrogen’s wide flammability range and low ignition energy, storage and transportation are
major concerns in high-purity hydrogen plants. For this project, all the equipment and piping designs up
to the blending station will meet applicable ASME, ISO, and API Codes and Standards, while the blending
station itself will meet applicable CSA codes. Produced hydrogen from the electrolyzer system is stored
in the Hydrogen Storage Vessel (V-100 on Figure 5), which will have a normal operating pressure of
approximately 2,000 to 4,000 kPag. V-100 has a minimum design temperature -45 °C and a design
pressure of 5,102 kPag.

To protect the vessel from excessive overpressure, four (4) PSVs are provided with set pressures at
4,960 kPag. Four (4) PSVs were required to safely depressure the vessel and properly disperse the
released hydrogen (please refer to Figure 5 for more details regarding the Hydrogen Storage Vessel).
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HYDROGEN STORAGE VESSEL
SERVICE: HYDROGEN
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NOTES

1. MAXIMUM INSTANTANEOUS FLOW RATE OF HYDROGEN TO THE VENT STACK IS 1000 SCFM.

2. THE NORMAL OPERATING PRESSURE OF THE HYDROGEN STORAGE VESSEL IS BETWEEN 15 AND 40 BARS.
3. NITROGEN PURGE CONMECTIONS.

Figure 5. Hydrogen Storage Vessel V-100 P&ID

The H, production from V-100 to the Blending Skid can reach as high as 18 kg/h continuously, with the
Blending Skid able to use as much of that hydrogen stream as needed. All the valves in the facility will be
tested with helium, a typical test for hydrogen-rated valves, which can increase the delivery time. All
process piping and pipelines with hydrogen will be designed and built to ASME B31.3 or CSA 7662 where
applicable and have NDT on 100% of welds. In general, hydrogen piping and vessel mechanical
specifications below 600 ANSI / ASME flange ratings are similar to those considerations made for sour
natural gas systems (e.g. concern for hydrogen embrittlement, etc.). For pressures above 600 ANSI /
ASME pressure ratings, additional consideration is required.

Safety Instrumentation and Controls

The Emergency Shutdown System will protect the production and storage systems from potentially
hazardous scenarios. Prior to the system startup, all the manual valve positions will be checked, and
other process valves will be controlled automatically by the PLC after startup. During normal operations,
transmitters and sensors will monitor the safety points in the system continuously:

e Pressure transmitters and temperature elements will be installed to monitor the cathode and
anode.

e The temperature rise across the stack should be within a maximum allowable limit to prevent
water from boiling and causing membrane damage.

e The Electrolyzer Stack feed water flow and current are protected by sensors as well.

e Once they reach the high or low limit, the applicable alarm will trigger, and the system will shut
down.

e The pressure of the H, product sent to the blending building will be monitored and regulated by
a pressure controlling valve.



e Should the pressure reach the high setpoint, the system shall go to “standby” mode, and after
the pressure drops below the normal setpoint the system will start up again.

e In normal operation conditions, the H, concentration in the vented O, should be less than 0.8%
by volume (i.e. 20% lower than the Lower Explosive Limit [LEL]).

e Agasanalyzer will be installed at the O, vent outlet, and if it reads the concentration above the
maximum allowable setpoint the alarm will trigger, and the system will shut down.

There are four (4) shutdown scenarios for this electrolyzer system:

(1) If a full shutdown is not required, a “Standby” scenario for instruments and Operators will apply.
In this scenario, the electrolyzer will not have power connected but the water is still circulated
to maintain the quality, and the ventilation system as well as building air will continue to run.

(2) In addition to “Standby”, a “Category 2 shutdown” (i.e. “normal shutdown”) may be applied as
required. During this shutdown, all the separators will vent down to atmospheric pressure and
instruments will remain energized.

(3) If a power outage occurs, most equipment will be depressurized immediately. The case
“Category 0.A Shutdown” (i.e. “emergency stop) will require all power to be disconnected from
all process-side equipment, with instrumentation and PLC defaulting to “auto” mode.

(4) For a “Category 0.B Shutdown”, in addition to the 0.A case, process vessel ventilation will be
energized to maintain pressurization and purge capacities.

It should be noted that the blending station will have a separate safety system, but will be
interconnected with the production and storage safety system where appropriate.

Electricity

Electricity demand is a primary consideration for the electrolyzer. Generally, PEM electrolyzers have an
energy consumption range of 46 — 62 kWh/kg H, in the Stack, and 50 — 83 kWh/kg H, in the overall
production system [10]. In this project, the electrical input is 480 VAC, 60 Hz grid electricity, and it has
an average electricity consumption at stack level of 49.9 kWh/kg H, with fully loaded usage. This equals
an annual consumption of 7.8 million kWh of electricity, assuming full capacity. Electric heat tracing will
also be required to protect inlet and outlet water lines from freezing.

Blending Comparison

A comparison of natural and hydrogen blends (by volume) was carried out. Data was obtained using
Bryan Research and Engineering’s (BR&E) ProMax 6.0 simulation software (Figure 6), assuming a general
natural gas composition (Table 3) from western Canada blended with 5%, 10%, 15%, and 20% hydrogen
(by volume). The volumetric flow rate, gross gas heating value, hydrocarbon demand, and stoichiometric
CO, emission were compared for each blend, with the results shown below in Table 4.
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Figure 6 ProMax Simulation Diagram



Table 3 General Natural Gas Composition from Western Canada

Component Typical Analysis (mol%)
Methane 94.7
Ethane 4.2
Propane 0.2
iso-Butane 0.02
n-Butane 0.02
Pentane 0.01
Hexane 0.01
Nitrogen 0.5
Carbon Dioxide 0.34

Table 4 Comparison Results

Hydrogen Blend % 5 10 15 20
Volumetric Pure NG 1 1 1 1
Flow,
MMSCFD Blended NG 1.04 1.07 1.12 1.16
Gas Flow Increase % 3.59% 7.41% 11.56% 16.04%
gggﬁ;gﬁﬁ; Pure NG 1,038.01  1,038.01 1,038.01 1,038.01
Value, Btu/ft Blended NG 1,003.04 968.07 933.11 898.14
Heating Value Reduction % 3.37% 6.74% 10.11% 13.47%
Heat Pure NG 38.99 38.99 38.99 38.99
Release,
MMBtu/h Blended NG 38.99 38.98 38.98 38.98
Methane Pure NG 103.98 103.98 103.98 103.98
Flow, Ibomol/h Blended NG 102.33 100.52 98.60 96.52
Ethane Flow, Pure NG 4.61 4.61 4.61 4.61
Ibmol/h Blended NG 4.60 4.58 4.56 4.54
Methane Reduction % 1.59% 3.33% 517% 717%
Mass Pure NG 22,077.08 22,077.08 22,077.08 22,077.08
Stoichiometric
COg, ton/yr Blended NG 21,747.88 21,387.54 21,005.53 20,592.37
CO2 Reduction % 1.49% 3.12% 4.85% 6.73%

Starting from the 5% blend case, to achieve the same heat release, the total flow of blended gas must be
a little higher (3.6%) than that of pure natural gas, and up to 16% higher when the hydrogen blend
reaches 20%. The gross ideal gas heating value of the blended gas ranges from 3.4% to 13.5% lower as
the hydrogen blend percentage increases from 5% to 20%. Although more gas is needed, the methane
content can be reduced from 1.6% for a hydrogen blend of 5% and up to 7.2% when H; is 20%, which
could subsequently decrease the CO; emissions from 1.5% to 6.7%. Since every 1 MMSCFD of pure
natural gas removed from the distribution network can save up to 1,480 ton/yr of carbon dioxide
emissions, the potential of natural gas and hydrogen blends is significant.



Challenges

Due to a shipping delay of the electrolyzer, ATCO is currently using a temporary supply of hydrogen from
pressurized tube trailers as the source of hydrogen. The anticipated on-stream date of the electrolyzer is
August 2023.

The existing natural gas installation Code in Alberta (CSA B149.1) has been deemed appropriate for
blends of up to 25% hydrogen. Additionally, there are over one hundred appliance safety and
performance standards that are applicable to natural gas appliances. CSA has recently confirmed that
these standards do not require updating for use with up to and including 5% hydrogen. As ATCO wishes
to reach higher hydrogen blend percentages in the future (e.g., 20%), updates to these standards, or
further confirmation by CSA that higher (than 5%) blends can be used without modification, will be
required.

Future

After plant start-up, residences in the testing zone will be able to use the carbon-reduced gas. Although
the volume of the gas required to produce the same amount of heat will increase slightly, end users will
still only pay for the energy consumed. Starting at the 5% hydrogen blend, there will be no noticeable
changes in the gas supply for homes and businesses. Gradually, pure hydrogen can be realized, with
pure hydrogen communities and appliances rated for pure hydrogen.

The Fort Saskatchewan Hydrogen Blending Project is a pioneering facility in the Alberta energy market,
and similar projects can be contributors towards decarbonized energy throughout Canada.

Conclusions

ATCO’s project using electrolysis to produce hydrogen for local distribution is a viable option from both
environmental and safety aspects. With the electrolyzer designed by a leading electrolysis fabricator, the
high-purity hydrogen can be continuously produced to provide a stable supply of H,. This electrolyzer and
storage system will be able to cater to the various gas demands from end users in different seasons. In
this way, the capital and operating costs of the electrolyzer system can be minimized. Blending hydrogen
into natural gas can decrease carbon emissions, and blends with up to 20% hydrogen (by volume) can
likely be accommodated in existing natural gas distribution systems.
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