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Enbridge Gas Inc

Toronto, Ontario

Enbridge Gas Ontario is Canada’s largest natural gas distribution
storage, transmission, and distribution company with a 175 history of
serving customers. The distribution business serves 3.9 million
customers and is innovating to contribute to a lower-carbon energy
future
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Emerson Impact Partner for Ontario and Manitoba



About us

Enbridge is a first-choice energy provider.

Liquids pipelines Natural gas pipelines Natural gas utilities Renewable power
North America's longest, most 113,542* km/70,552* mi. of pipe 178,002 km/110,606 mi. of pipe 37 renewable power facilities
complex transportatpn sygtem Moving 24.6 Bcf/day Delivering energy for more than 6,612 MW generating capacity
29,104 km/18,085 mi. of pipe Enough natural gas for 175 years Committed more than US$8
Moving ~5.8 million barrels/day >170M people 7,000+ valued employees billion (C$12 billion) since 2002

Delivering to -

Transports ~30% Delivers ~2 0% 7 . g 1 .3 million**

of crude oil produced of the natural gas m|"|0n homes powered

in North America consumed in the U.S. customers in Canada and the U.S. by our assets

*Includes DCP Midstream assets
**Estimated numbers of households powered calculated using regional energy consumption data: Energy Consumption — U.S. homes and Energy Consumption — Canadian homes.



https://experience.arcgis.com/experience/cbf6875974554a74823232f84f563253?src=%E2%80%B9%20Consumption%20%20%20%20%20%20Residential%20Energy%20Consumption%20Survey%20(RECS)-b1%22Residential%20Energy%20Consumption%20Survey%20Dashboard%20(arcgis.com)
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2510006001

What we do

We fuel quality of life for millions of people every day

As the world’s population grows, we believe all forms of energy
will be needed to meet rising global demand—natural gas, oll
and renewable energy such as wind and solar.

As a diversified energy company, we believe we are uniquely
positioned to help accelerate the global energy transition, while
at the same time working to deliver reliable and affordable
energy.

We're committed to:

— Lowering our operating emissions while meeting growing energy demand
— Supporting our customers today while anticipating their needs tomorrow
— Developing new energy sources while keeping energy costs in check

Confidential - Not for Public Consumption or Distribution
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What is Power to Gas?

- Power-to-Gas (PtG) is an innovative energy storage solution using electrolysis which produces renewable
hydrogen

« Uses renewable and carbon-free sources of electricity (E) to split water (H20) into hydrogen (H2) and oxygen (O2).

- Hydrogen will be blended with natural gas as a renewable percentage blend and injected into Enbridge’s natural
gas grid

19
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Power to Gas - Process
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North America’s First Utility-Scale PtG Facility

: e 'Hbme'LfNo
. vadro.gen Blending Facili

21



22

North America’s First
Power-to-Gas Plant

Built & Operated North America’s First Utility Scale PtG Plant

Enbridge/Cummins Inc. (Prev. Hydrogenics) Joint Venture

Concluded a 3-year contract with IESO for electrical Grid
balancing

i —

Hydrogen Blendlng Facllrty & Power-to-Gas Plant

Exploring future grid services with electrical grid

Plant to be leveraged for Transportation and other needs
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I The Power-to-Gas Plant

2.5 MW energy storage project expandable to SMW
» Max theoretical hydrogen output:

« 1,080 kg/day (394,000kg/year) max)

* 12,000 m3-H2/day (4.38M m3-H2/year) max)

- Grid balancing support capable

« Accepts an AGC Signal sent every 2 seconds

* Response time <1ms

* Purity of hydrogen: 99.99%

« Can achieve: SAE 2719 grade hydrogen

23
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Power-to-Gas = Renewable
Hydrogen + Grid Balancing

Electrical Grid Services

Renewable Power

Linking Energy Grids

Captive RE

VVV

Grid Balancing

H2

Natural Gas System

\

Power Grid
System Operator

~
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Hydrogen A Storage System of The Future

25

Hydrogen has the biggest potential to offer year long (electrical)
energy storage at the TWh scale.

Apart from NG, this scale of energy storage cannot be achieved
by other technologies

Enbridge currently operates one of the largest energy storage
hubs in north America with 280BCF of storage

How can we help: Provide Solutions for Storage
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Built & Operates NA’s First H2 Blending
Project

Design and build of H2/NG blending facility delivered in partnership with LPC due to expertise in delivering complex
turn-key Solutions for Enbridge

Blending facility takes H2 produced from P2G Plant and blends into the downstream network
Gas Network feeds 4,200 Residential and Commercial customers

Current blending rates are at 2% hydrogen by volumetric ratio

— Elimination of 117 tons of CO2 emissions annually ,
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I Final H2 Blending Solution
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Need for measurement
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* A need for verification of the heating value and
Wobbe Index required

» Crucial for maintaining a safe h2 concentration to

prevent leaks or equipment damage in existing NG
distribution network

* A device is needed to validate that the volumetric ratio

is correct and confirm the total heating value of new
blended gas
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I Challenges

« Measurement

— Need to measure both BTU heating value and confirmation
of h2 concentration within blended gas

— Costly to maintain several analyzers and deploy training to
support new devices

* Process Safety

— Analyzer need to have accuracy of H2 concentration of the
2% by volume flow within the blended gas stream

— With an upset process, excessive H2 gas concentration will
possibly cause damage to pipeline via corrosion of steel

piping
« Commercial impact

— Gas customers are compensated to the reduced BTU
content by volume of 2% h2 blended gas

|

— If blended gas is higher than 2%, the heating value drops,
and possible commercial impact and billing issues may
arise

30
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Fundamental Chromatography
(Greek: Chromatography - color writing)

Dipped a piece of absorbent paper into Black Ink
Capillary action draws liquid through the paper

The color bands formed from various pigments in the ink
absorbing onto the paper at different rates

This showed that a mixture of compounds could be separated
by differences in how fast they moved through the media

Confidential - Not for Public Consumption or Distribution
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Chromatograph Principle- Separation and Detection

Column Tubing

Confidential - Not for Public Consumption or Distribution



Thermal Conductivity Detector-Principle -
Wheatstone bridge

High Thermal Conductivity
-Heat removed from
Detector

-Temperature of detector
reduced

-Resistance of detector
INCREASES

Detector mV output

Con

11

fidenciai - Nut for ruulic Consumption or Distribution

Lower Thermal Conductivity
-Less Heat removed from
Detector

-Temperature of detector
Increases

-Resistance of Detector
DECREASES

&
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Basic Chromatograph System
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GC Analvsis Repport Example

Analysis Report (GPA)

Date-Time : 01/11/2024 02:26:54 PM Analysis time : 230.00 sec Cycle Time : 240.00 sec

Stream : Stream 1 Mode : Analysis Cycle Start Time : 01/11/2024 02:21:08 PM
Analyzer : 300XA T7 Stream Sedq. : 1

Company :  ROSEMOUNT ANALYTICAL INC

Firmware Revision, Checksum : 4.0.1, 2020/06/30, 0x62d04932

Component Name Mole Percent Dry Gross Dry Net Relative

BTU BTU  Gas Density
Ce+ 47/35/17 0.0160% 0.85 0.78 0.0005
Propane 0.4720% 11.90 10.95 0.0072
i-Butane 0.0983% 3.20 2.96 0.0020
n-Butane 0.0994% 3.25 3.00 0.0020
Neopentane 0.0561% 2.24 2.07 0.0014
i-Pentane 0.0515% 2.07 1.91 0.0013
n-Pentane 0.0511% 2.05 1.90 0.0013
Nitrogen 0.5962% 0.00 0.00 0.0058
Methane 97.1385% 983.33 885.42 0.5380
Carbon Dioxide 0.3983% 0.00 0.00 0.0061
Ethane 1.0226% 18.14 16.59 0.0106
TOTALS 100.0000% 1027.03 925.58 0.5761

&
EMERSON.
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I Solution
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Rosemount 770XA was selected for it's ability to measure both
BTU content and H2 within the gas stream

Report analysis is every 5 mins

Instead of using multiple analyzers, a single GC provides all
critical measurements to validate the blend composition

Blending solution delivers cleaner energy that is delivery safely,
consistently and reliably

Project success highlights opportunity for energy companies to
use clean hydrogen on a larger scale to achieve Net Zero goals
with no major impact to infrastructure




Single Analyzer
Solution

40

Rosemount 770XA can
measure BTU heating
value, Wobbe Index, and
H2 concentration all in one
single analyzer reducing
complexity in getting key
measurements
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Rosemount 770XA Solution

Cost Reduction

* A ssingle analyzer solution
reduces cost and
complexity

- Enbridge is already
familiar with Rosemount
GC technology, and
training was quick

Reliable

« Mature robust technology
with proven track record

Historical Reports

« 30 day log that can be
used for record keeping
and auditing purposes
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I Future Considerations

* New H2 Pipeline and Blending project in the works at
Enbridge Gaz Quebec

* Planned Construction in 2025 and online by 2026

« Rosemount GC technology is being evaluated for use
for blends up to 25% H2 by volume

 Potential consideration for different piping
configurations or mixing devices before extraction
point

— Will help address H2 stratification and incomplete
mixing during low-flow conditions

« Expansion of existing P2G Pilot facility is expanding
for H2 Fueling Facility

— Currently underway

41
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