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e 100 years of advancing science and
technology in the field of clean energy

e Mission: Lead the development of
energy science and technology
solutions for environmental and
economic benefits of Canadians

e R&D Expertise: renewable energy,
energy efficiency and clean fossil fuels
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Opportunities for biogenic gaseous fuels

e AD Biogas — Landfill Gas — Syngas — RNG — Hydrogen
e AD Biogas — Landfill Gas

e Low hanging fruit
e Current focus of NG utilities

® Syngas
e Industrial replacement for NG

e Combined Heat and Power
e Biofuels

® RNG (SNG) (Methane)
e Hydrogen

S\

g —

IEA Bioenergy




NG Utilities

e Residential Gas Price: NG natural gas has the lowest delivered cost
of any energy form at under $8 per GJ, other fuels ~$30/GJ

e Fortis (British Columbia); Energir (Quebec); Enbridge (Ontario)
e Enbridge

Greening your gas supply

From waste to wonder-fuel: renewable natural gas (RNG) Blending in hydrogen
We help customers turn food scraps, farm waste and sewage into carbon-neutral With North America’s first Power to Gas facility, we’re helping the City of Markham
renewable natural gas (RNG), which is added to our natural gas supply to help use surplus electricity to produce, store and add clean hydrogen to the natural

IEA Bioenergg reduce emissions and fight climate change. gas network.
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NG Utilities (contd)
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FortisBC is a provincially regulated utility, FortisBC submits potential projects to the British
Columbia Utilities Commission (BCUC) for review. The BCUC reviews the projects to ensure they
meet the requirements of the Greenhouse Gas Reduction Regulation.

In March 2017, the province of BC amended the Greenhouse Gas Reduction Regulation to include
a renewable portfolio allowance of up to five per cent RNG on the natural gas system.

Current RNG supply from biogas from landfills, agricultural waste and waste water from treatment

FortisBC has signed pfftake agreement with potential suppliers of RNG from gasification and
green hydrogen as well as natural gas offset

FortisBC expects that its original 2030 goal of 15 per cent of its gas supply being renewable and
low carbon will be met or exceeded. In fact, a recent report commissioned by the Province of
British Columbia, FortisBC and BC Bioenergy Network revealed that by 2050, the maximum
potential supply of in-province renewable and low carbon gases could be as high as 440 PJ per
year — roughly double FortisBC’s current annual gas supply.

Purified methane (RNG) is




B.C. RENEWABLE AND LOW-CARBON GAS
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BC Bioenergy Network (BC

Anaerobic digestion gas
1 Potential by 2030:

combined 25 to 50 PJ/yr.

I Potential by 2050:
combined 100 to 440 PJ/yr.
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Wood-fuelled gas
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» Cost to replace NG will range from
$5b to $20b for 2050 min/max

* This is the same order fo magnitude
as Kitimat LNG terminal

BN)

Woody Biomass
(Thermochemical pathways)
Syngas:

Wood gasification to produce a

gas used in lime kilns of kraft
pulp mills.

Hydrogen from syngas:
Syngas processed with water-
shift reaction.

Methane from syngas:
Syngas processed with water-
shift and methanation step.

Lignin as a replacement for
natural gas in the pulp industry:
Lignin extracted from black
liguor to produce a dry lignin
fuel.
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e Replacing natural gas with low carbon sources (e.g. syngas, lignin) can qualify
for RNG renewable portfolio allowance (BC)

Natural Gas Offset

Commercially
Available

e Interest in full-scale gasification
demonstration in BC with BC Bio-
products Alliance, BC Bioenergy
Network (BCBN), Fortis BC with potential
financing from BC government.

Large-scale belt dryer CFB gasifier Blogas bumner
to lime kiln

Valmet >
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Natural Gas Offset, CHP & RNG: Nexterra System .- k

Business Description

North American Projects

B Founded in 2003, Nexterra is a provider of community scale
(5 - 15 MW), energy-from-waste gasification systems for the
production of clean syngas

m To date, Nexterra has built eight plants in North America and
three in the UK. Other projects are under development in the
UK, USA and Canada

m Nexterra has a flexible product offering, providing solutions
for new and retrofit projects

® Commercially proven systems operating on virgin wood (not
pellets), forest residuals, and construction and demolition
(C&D) waste wood

® Refuse-derived fuel (RDF) has been demonstrated at our
Product Development Center on 2 MWth gasifier

Existing Partners and Clients

@ Built
@ Under Construction
® Commissioning

Prince George, BC

G,
\

\ Tolko Plywood Mill \

Vancouver, BC

Victoria, BC
Dockside Green ‘

usc

ESTIMINSLE

Kruger | { / [ 0Oak Ridge, TN
Nk ——7 OakRidge Nat'l Lab

UK Projects

JOLKO

INDUSTRIES LTD.

@ Kruger pocksioe Green
Products
UNBC (252 Soncounan VA | @) i

CoGen

Balfour Beatty

@ Investments
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@ Built

@ Under Construction
® In Development

@ Commissioning

Tyseley, UK
Birmingham Bio Power

Bristol, UK
Avonmouth Bio

Confidential

Northamptonshire, UK
Welland Waste Wood

West Thurrock, UK

Power

Plymouth, UK

Dartmoor Bio Power

Bristol, UK

Cogen Avonmouth
Retrofit
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CLEAN ENERGY IN INDIGENOUS, . Funding for clean energy projects now available
RURAL AND REMOTE COMMUNITIES ) _'Q:

& To support the transition to clean energy in Indigenous,
rural and remote communities, $300 million in funding is
b now available for clean energy projects. Funding is

woo = available for a wide range of project types from renewable
> i E energy and energy efficiency measures to capacity building
* AAA initiatives and feasibility studies.
al

(Pm T10 == Canadi
e There are no domestic suppliers of community-based CHP equipment
e [wo recent projects are inoperative

The Kwadacha Nation (Tsek’'ene) - Fort Ware, BC
Biomass Community Energy Centre: 3X Spanner RE2 45KWe




“Small Scale” Gasification

e National Research Council of Canada — research on small scale CHP o
based on fixed bed gasifiers

e Highbury Energy Inc. — based on technology developed at University of
British Columbia - dual-bed steam gasification technology. Synthesis gas —
can be fired into a generator to make electricity or can be converted {0 |
high value liquid fuels, alcohols and chemicals. e

® Waste Gasification

e PyroGenesis and Terragon Micro Automated Gasification System
(MAGS) focus on small scale waste destruction with minor energy

recovery

e Plasco Energy ($400M project in Ottawa, Canada @85 tonnes/day,
unsuccesful) is being resurrected as OMNI Conversion Technologies
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ENERKEM

We're building the
circular economy.

Biofuels

@

SN PROJECT PIPELINE

hydrogen + biofuels

Edmonton % XATSIneS biojet
Rotterdam

ethanol .
Tarragona O o
AR
- O Asia Pacific
methanol

Turning trash into
renewable fuels and

chemicals.

. OPERATIONAL PERMITTED/PERMITTING OUNDER DEVELOPMENT
An innovative, sustainable

solution for waste

Enerkem's Edmonton facility has the capacity to process management and energy
* 100,000 tonnes of solid waste and produce approximately 40 B:/EE =1
million litres of fuel-grade, cellulosic ethanol.
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e G4 Insights demonstration in
Alberta: 100 kilograms/day of
forestry biomass and produce one
gigajoule/day of RNG

e Not Gasification, but PyroCatalytic
Hydrogenation (PCH) process

RENEWABLE

NATURAL
SEPARATION GAS

PURlFICATlO'j

BIOMASS

RETURN PROCESS GAS

FLUE GAS

BIO ASH
SOLIDS



RNG System: REN Energy International

What is the REN RNG Solution™ e REN Energy has
process? purchased land near
zess Is a comb} commere Fruitvale, British
Columbia and plans to
build an RNG plant by
integrating proven
technologies

e REN Energy has an
offtake agreement with
FortisBC
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Thermochemical Conversion R&D at CE-O

b
..{'i.:

125 kW(th) air/oxygen/steam
blown fluidized bed biomass
gasification system equipped
with extensive on-line product
gas and tar measurement
capabilities

CE-O Continuous
Tar Sampling Column

IEA Bioenergy

Fast Pyrolysis Fluidized Bed Pilot Plant
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Collaborative R&D With FPInnovations and UBC

e CanmetENERGY-Ottawa (CE-O) is collaborating with
FPInnovations and University of British Columbia to assess

residues available to BC pulp mills mills.

® The types of biomass residues selected by BC Bio-products
Alliance as being of importance to pulp mills in BC are:

e \Wood chips as baseline
e Interior BC forest residues . @
e Coastal BC forest residues FPInnovations

e Salt-laden hog fuel

e Atest plan is being developed to allow experimental results
from the UBC and CE-O pilot plants (both labs have
oxygen/steam blown CFBC gasifiers) to compare data and
develop guidelines for gasification demonstrations
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For further information please contact
Fernando Preto

CanmetENERGY-Ottawa
Natural Resources Canada

Fernando.Preto@NRCan-RNCan.gc.ca




Canada

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2020

R—

[ §d |
I * I Natural Resources Ressources naturelles Canad
Canada Canada /




