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PolLuTioN PROBE

CLEAN AIR.

CLEAN WATER.

About Pollution Probe

e Pollution Probe is Canada’s oldest

“homegrown” environmental NGOs
(50 years in 2019!)

e Future of Natural Gas study was
completed in 2019

* Project was funded in part by the
natural gas downstream industry



Natural gas is a large part of our energy systems
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Residential energy demand and GHG emissions (2017)
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PoLLuTioN ProBE

What can we do?

Start with efficiency and
electrification

Easier to replace when you are using less

Electrify where you can

Move to low-carbon gases

Renewable natural gas

Hydrogen



Gas provides flexibility

2015 Ontario Electric and Natural Gas Demand
90,000

80,000 Natural gas demand peaks in the winter:

Electrical demand peaks in the summer: 25
GWs.

60,000
> 50,000 Less than 1/3 of the natural gas peak.
= 40,000

30,000

20,000

10,000

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
mm Peak mm Peak == Monthly Avg == Monthly Avg

)

PoLLuTioN ProBE



Peak ratio with all electric space heating
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Source: Waite and Modi, “Electricity Load Implications of Space Heating Decarbonization Pathways,” Joule, February 2020
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IEA Pathway to New Zero

4 ] sector in the Sustainable Development Scenario relative to the Stated Policies Scenario
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Switching to low-carbon gases

Renewable Natural Gas

e \Wet wastes: 5-10%
e Gasification: Unknown ~12-50%
e Part of solution

Hydrogen

e Rainbow of hydrogen: Green v. blue v. pink (plus brown)

e Blending: 20% by volume is ~¥10% by energy content
e Trials: up 20% blending in Europe; 3-5% blending trials in Canada
e Synthetic methane

PolLuTioN PRoBE



Switching to low-carbon gas: Costs
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Overview of challenge

* Lots of pipe in the ground

* Lots of benefits:
* Storage
* Flexibility
* Industrial processes

* Merging silos: Electrons and molecules in hybrid systems
* Timelines are critical: We need to start now

* Not a question of “can the gas system play a role?” but more of a “will
the gas system play a role?”



What Does the Future

Hold for Natural Gas?
Considering the role of natural gas and the gas Th a n k y0 u !

system in Canada’s low-emissions future

November 2019
Richard Carlson

\% Director, Energy Policy

PoLLUTioN PROBE rcarlson@pollutionprobe.org
' Twitter: @RichardKCarlson

* https://www.pollutionprobe.org/future-hold-natural-gas-

regort[

 Follow us on Twitter: @PollutionProbe
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Hydrogen’s Potential to
Decarbonize Natural Gas
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About ZEN

Growing clean energy ideas

# Specialty consulting firm in Vancouver, BC in 5th year of business

+ Zen works with clients to commercially advance and deploy clean energy solutions

+ >80% of business relates to hydrogen and zero emission transportation

+ Have helped clients raise >5100 million in non-dilutive funding to deploy clean energy solutions

+ Combination of technical and business expertise, underpinned with project management skills, makes
Zen uniquely positioned to guide complex projects from inception to implementation

22 SH COLUMBIA
| a“?{l;‘noﬁr_n STUDY
Q) :

Hydrogen Strategy

EMISSIONS &
REDUCTION
ALBERTA &V

zECAP Project ~ AZETEC
AON =
@ > (@ =@
PROJECT PROJECT PROJECT
DEVELOPMENT: FUNDING: MANAGEMENT:

Hydrogen Projects

Zero Emission Transit



Outline

+ Hydrogen basics

+ Why Hydrogen?

+ Hydrogen Production & Use
+ Canada’s Starting Point

# Decarbonization of natural gas

+ Moving forward — opportunities, challenges, enablers




Benefits

2

ELEMENT NO. 1

Simplest element
on Earth

ABUNDANCY

75% of the mass in
the universe

DETECTABILITY

Invisible, Odourless,
and Tasteless

What is Hydrogen?

GRAVIMETRIC
ENERGY DENSITY

Highest energy per mass
of any fuel

H

Hydrogen

VOLUMETRIC
ENERGY DENSITY

E\ Low volumetric density
requires advanced

storage methods

_I

WEIGHT
14x lighter than air

NATURAL STATE

Rarely exists in free
state

ENERGY CARRIER

Stores energy first
created elsewhere

Benefits

Versatile energy carrier

» Electrochemical conversion to
produce power

» Combustion to produce heat
» Use directly as feedstock

Carbon free at point of use

» Important decarbonizing vector

Can be produced from a
variety of feedstocks

Can be transported long
distances, stored indefinitely

» Produced when and where most
convenient

» shipped by pipeline, road, rail, or
water
High energy density = well
suited to intensive duty cycles




Why Hyd rogen P, Canada’s Positioning & Benefits

Main drivers to transition are environmental * Unique Adva ntages

+ Meeting decarbonization goals
» 2030 commitment: 511 Mt (218.5 Mt reduction)
» 2050 target: net-zero through emissions reduction & offset (729.5 Mt, 2018 ref.)

Rich in Feedstocks

Leading Innovation & Industry Position

DO

+ Improving air quality Strong Energy Sector

o

Head Start
$/18.8%

Established International Collaborations

Electricity

@O

Energy Export Channels to Market

A 0
G 13% + Benefits

Decarbonization

Clean Air

1] 5.8%

Transformational Opportunity for
Petroleum Sector

Energy Resilience

OO0 O OO

Economic Growth

Heavy Industry




JASY

Renewable Energy Sources

Industrial Process / Waste Capture

Fossil Fuels

Hydrogen Production & Use

Hydrogen Production

Landfill Gaz

o

Electrolyss - Sperates water into

hydrogen and axygen

Reforming And Or Purfication

Hydrogen Storage and Infastrcuture Hydrogen Applications
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Image courtesy of CHFCA

Clean Hydrogen Sources
+ Clean electricity & water
+ Fossil fuels

+ Biomass

¢ Industrial by-product

Hydrogen Uses:

¢ Transportation fuel

+ Fuel for power production

+ Heat for buildings and industry

+ Feedstock for industrial processes



Clean Electricity
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Hydrogen Production Pathways

All low CI
pathways need
to be pursued

to meet 2050
demand in net
Zero scenario

Cost and Cl are Key Metrics

59.00 $7500

560/MWh
40% Utilization 56667

S60/MWh 55000
100% Utikzation
X S4167
: $180/tonne $3333
feedstock
5 Lower TRL $2500
Lower TRL
3, $166
N I I h
l EA Z .

5

o o w w
] & N %
8 8 8 38
1
)

€
8

w
«
8

Bulk Hydrogen OnSite Production Cost [$/Gl)

Bulk Hydrogen OnSite Production Cost [5/kgl

v

b

8
&
g

By-Product SMR Thermal SMR +CCS  Plasma Biomass  Electrolysis - Electrolyss - Electrolysis -

Hydrogen  Baseline Pyrolysis Pyrolysis  Gaslfication  BC Grid Wind Grid  Wind Off-
Connected Grid

Renewable Sources

By-Product Fossil Fuel Based Feedstock

100
g % 89.1
3
@
-
S s0
=
B
g 70
H
E
£ 60 o
8 1
&
g s
=
b
g . 100% Utifzaticn
. —mm B o o e e e —————— -
2
g 0 27.4
£ 22.4
3
- Lower TRL Lower TRL 16.4
£ 14.7 125
= 105 '//: I
o ) 7« [ sosvison |
v
74 .
0 A 0.0
By-Product SMR Baseline Thermal  SMR +CCS  Plasma Biomass  Electrolysis - Electrolysis - Electrolysis
Hydrogan Pyrolysis Pyrolysks  Gasification  BC Grid WindGrid  Wind Off.

Connected Grid

By-Product Fossil Fuel Based Feedstock Renewable Sources

Reference: BC Hydrogen Study
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Use as a Heating Fuel

$60

$0.18/kWh
$50

$40 $300/tonne-CO2

$1.2/L 30/
0 goe R
$1/L
$20 $0.18/kWh

$18/G)
0.06/kWh
$10 l $150/tonne-C02  $15/G) 5006/ -
>1.5/ke $0.11/kWh

$5/GJ

Cost (S/GJ-equivalent)

SO0
H2 Fuel Oil NG NG +DAC RNG Elec. ASHP* GHG Reduction Potential
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Heating 1;)2 CA Average Grid, 49

50
s R

Cost comparison
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Displaced)
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-100
-125
-150
-175

GHG Reduction (g-CO2e/MJ-NG

H2 Fuel Oil NG +DAC RNG Elec. Resistive ASHP

Heating
(Natural Gas Baseline)




Canada’s Starting Point

CANADA'S STARTING
POINT FOR HYDROGEN

BRITISH COLUMBIA

QUEBEC
@ é,D Hﬁﬂ//e”ng network BN\ 20 MW hydrogen system
vehicles \slZ7  added to Bécancour plant
B/C l-tlz cleantech m LD Hz Fueling Network
cluster E and Vehicles
=W H2-ICE Truck Yuk i id wi
!E‘ ¢ ukon Micro-grid with Hz energy storage
Demonstration Nunavut mining demonstration
Northwest g
[_. BC Hydrogen Study* L m Multiple green Hz feedstock
Territories @ projects under development
I @
British Newfoundland
ritis Labrador
ALBERTA Columbia
) o
) Alberta Manitoba
Quest CCUS Project Québec .
Saskatchewan gx’;ﬁd
Fuel cell Forklift Qi Island MARITIME PROVINCES
Deployment (NB, NS, PEI)
CC‘! AZETEC Pilot Nova
") Project Scotia Maritimes Hydrogen
New Feasibility Study
Som) Fort Saskatchewan * Brunswick
QLY Blending Project SASKATCHEWAN
Existing dedicated (&Y Pilot demonstration of Hz
hydrogen pipelines 5V produced in-situ in well ONTARIO (o] e
warehouses
Alberta Industrial
Heartland Hydrogen (:L H 7 7 7 i ]
fanN Hz Production, Liquefaction, 0 Retail H Stati Metrolinx Hydrail
Task Force MANITOBA R Pipelines in Sarnia E etall iz station Feasibility Study
Carbon Trunk Line
CO2 Pipeline Project A ial Fuel Cell Markham 2.5 MW Pan-Canadian Hz Bruce County Nuclear to
) -OMmMercial fuel e Power-to-Gas Project FCEB Demonstration # Hydrogen Feasibility Study
‘@ Electric Bus Development
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Hydrogen as Decarbonization Vector in NG Grid

@ Opportunities

ChaHenges

Safety and reliability must be successfully proven in pilot
@ stage before technology can be fully adopted

@ while H2 can compete with RNG the higher cost is a
challenge particularly for industry

Hydrogen can have an critical role in the future of the NG industry in Canada as work to GHG neutrality, utilities can play key role
Blending of 5-20% H2 in the gas network is technically feasible in near-term, given sufficient supply
Dedicated pipelines to enable 100% H2 distribution in regions will be important in longer term

By 2050, H2 could make up large portion of the fuel in the gas network by volume and serve, along with electricity, as the one of
the main carriers in the energy system

Lower volumetric energy density & radiant heat and

@ equipment limitations complicate the direct substitution
of H2 into industrial processes

NG is currently low cost in many parts of Canada, and

i v @ Lack of standards and research into defining blending

limits in Canada

V&= Levers for Success

Blending pilot projects needed to explore blending limits & drive codes and standards development — Canada is lagging

Define plan & approach to safely increase H2 blending percentages, include regulators, AHJs and international organizations and
standards bodies

Increase awareness around hydrogen as option for low carbon heating, e.g. with municipalities & develop suite of public tools
(e.g. TCO model) & resources to help end-users evaluate H2 options

Expand pilots for H2-integrated mini-grids at industrial sites & along strategic transportation corridors to pool supply / demand

Increase R&D into end-use equipment and applications including boilers, safety and monitoring equipment, and materials

-

11
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About The Canadian Biogas Association

Building the Biogas Sector With You



Who We Are

The Canadian Biogas Association
is the voice of the biogas/RNG

industry.

Since 2008, our membership has grown to over
140, including farmers, municipalities,
technology developers, consultants, utilities,
finance and insurance firms, affiliate

organizations.

www.biogasassociation.ca

Canadian

Building the Biogas Sector With You % Biogas
IR A5 ciation




What We Do

We advocate for building the Canadian biogas/RNG industry with current
industry and organizational objectives focused in the following areas:

V Advocacy

= l.  Increase biogas/RNG market opportunities
gx Il.  Improve the biogas/RNG development cycle

Education

a Ill. Sustain biogas/RNG project operational longevity and proficiency
V. Enhance industry awareness, research and knowledge

Building the Biogas Sector With You o2 g?onagslan

_ Assoaatlon




Renewable Natural Gas 101



What is Biogas and Renewable Natural Gas?

RENEWABLE NATURAL GAS (RNG)
Refined (upgraded) biogas,
interchangeable with natural gas in most
applications

Anaerobic digestion (AD)
Biological process of BIOGAS

breaking down organic Renewable source of methane gas

matter to create biogas

Digestate
A nutrient-rich fertilizer as bi-product

° Canadian
O Biogas

Building the Biogas Sector With You
IR Association



Sources of Biogas/RNG

*Energy crops

Building the Biogas Sector With You o2 gf\ona:lslan
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RNG Applications

521023

Progresswe

Blended in existing natural gas Transportation fuel On-site energy
networks

Building the Biogas Sector With You on g?(;\agslan
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RNG Environmental Benefits

* RNG reduces GHGs and addresses climate
change in two ways:
1. Captures methane which would have otherwise
been released into the atmosphere untreated.

Methane is 84 times more potent than carbon
dioxide over a 20-year period

2. The methane captured in the form of BIOGAS is
used as a renewable fuel and displaces the
consumption of fossil fuels.

* Digestate replaces commercial fertilizer and
returns organic matter to the soil

Building the Biogas Sector With You o2 g?onagslan

_ Assoaatlon




Renewable Natural Gas in Canada



Biogas and RNG in Canada

Operating Biogas and RNG Projects in Canada

@. Agricultural Wastewater @ Landfill

& Food Waste - Treatment ‘ Gas
~ Digesters ~ Facilities Projects
Building the Biogas Sector With You % §f‘o"a§'s'a“

_ Assoaatlon



Biogas and RNG in Canada

«+ SOUTHERN Yo
ONTARIO 2 .

LEGEND
Bl Heat

Il Renewable Natural Gas (RNG)
Electricity
B Unconfirmed

A Agricultural & Food Waste Digester
@ Wastewater Treatment Plant
B Landfill

M Digester and Landfill

A Canadian P

Biogas .
_ Assocuatlon

Operational

& Initiated @ Canadian
_ o _ _ - Biogas
www.biogasassociation.ca/about biogas/projects canada

— Assouatwn



http://www.biogasassociation.ca/about_biogas/projects_canada

RNG Development in Canada
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RNG Projects in Canada

British Columbia 5 4
Alberta 0 2
Ontario 2 4
Quebec 4 11

Over 5 million GJs Over 3 million GJs
of RNG produced of RNG in
annually development

.y

A, Canadian
OSA Biogas

— Assouatlon




RNG Programs in Canada

 British Columbia, Quebec, Ontario are leading the way with
RNG policy and programs.

m Date of RNG Program Cost per GJ Number of Projects

British Columbia 2007 Up to $30 5 (4 in development)
Quebec 2017 §7-22 4 (11 in development)
Ontario Proposed Voluntary TBD 2 (others expected soon)

RNG Program in
development

o ey CENBRIDGE CNergir
’ y
En% dIth'Oné Life Takes Energy ™ O
Building the Biogas Sector With You o2 gf\ona:lslan
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Challenges and Opportunities



Challenges Limiting Future Development

e Approvals & Connection

* Siting, grid access, public consultation,
studies, NIMBY

* Market competition

* Provincial and state incentives upwards of
S30/GJ

* Limits on feedstock
* Cheaper disposal options
* Cost

* Low commodity pricing of natural gas and
high capital investments in technology

Building the Biogas Sector With You o2 gf\ona:lslan

_ Assouatmn




Unlocking the Value of RNG

 What elements are needed to advance the
biogas/RNG market:

— Tangible Target/Goal =» A renewable content
requirement

— Strong Market Pull=» Reasonable and stable gov’t
policy and programs to support sustainable, long-
term product demand

— Clear Market Mechanisms =» Well-defined approach
that sends strong signal and enables broad
participation by industry

[} Canadian

Building the Biogas Sector With You SIOBA Bjogas
IR A5 ciation



Educational Resources



CBA Resources

d
* The CBA has developed & siogas™

biogas and RNG BUILDING THE BIOGAS SECTOR WITH YOU
reso u rces to e n h a n Ce About Us Membership About Biogas News & Events Value of Biogas Conference Resources Contact @ @

Canadian AD Guideline

a Wa re n e S S a n d Canadian Agricultural Biogas Resources
Study

k n OW I e d ge Of t h e Canadian Biogas Study

industry Canadian AD

COVID-19 Resources Guideline

[ J Ava i Ia b | e O n O u r Developers’ Guides

Empowering Municipal RNG

We b S ite Market Participation

biogasassociation.ca Comressod Biogas.

Funding & Incentives

Canadian Agricultural

Fuelling Farm Vehicles
with Compressed Biogas

Fuelling Farm Vehicles
with Compressed Biogas

Municipal Guide to Biogas

Nraanina Matariale Drimar

Building the Biogas Sector With You on gﬁ;\agan
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Biogas makes better gas.

* CBA launched a public awareness
campaignh to communicate biogas
and RNG as a sustainability means
for industry, municipalities and agri-
businesses

Garbage in,
gas out.

* Visit bettergas.ca for resources and
biogas messaging

v Biogas makes
better gas.

Building the Biogas Sector With You o2 gf\ona:lslan
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bettergas.ca

Canadian
Biogas

= Assoaatlon

Sarah Stadnyk

sstadnyk@biogasassociation.ca
Tel: (647) 705-2219

www.biogasassociation.ca
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