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CanmetENERGY in Varennes’ Scientific Research

INDUSTRY RENEWABLE ENERGY INTEGRATION

@ $3.5M @ $3.5M ﬁ)ﬁl 30 employees

000
W?? 38 employees PV assessment and technology development
Smart grid and microgrid for resilient power systems

Eco-efficient decarbonization of the Smart cities and communities
industrial sector Transition to high renewable integration on the grid

Clean fuels production and
utilization

Artificial intelligence for energy
efficient process industry

Advanced CCUS Technologies and
Systems

Technical courses, tools and
support for professionals and
universities in the field of energy
optimization and data analytics
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Disclaimer and Acknowledgments

« Nous souhaitons remercier le Gouvernement du Québec pour son important soutien financier et
son apport technique précieux pour la réalisation de cette étude

» The contents of this presentation is for information purposes and do not represent policy
positions of the Government of Canada or the Gouvernement du Québec, and do not constitute an
approbation of any particular commercial product.

« The Government of Canada and the Gouvernement du Québec, their ministers, representatives,
employees or agents give no guarantee with regard to the content of this presentation and
assume no liability related to its use.
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Research question: What is the best use of available biomass? -—s—r==--
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Our approach / methodology

Biomass applications - Merit Order by Sector

No other altemative-

Long lsting products Pulpand paper > [P&P Products - current | | P&P Products - emerging |
Cement/ Lime/ P&P kilns > [ Solid treated/untreated biomass || Bio-Syngas| | Bio-oil

g | { : — 12 from electrolyss is the | : i Bio-Methanol || Bio-Ammonia
m‘ : b b - other altemative- l s | | |
3 Il = Can be combined with  —|

BECCS Iron and steel Bio-Hydrogen | | Bio-Syngas|

Significant Forest Shipping/ Aviation Aviation fuel | Biomethanol | [ Bio-Ammonia | [ Bio-Hydrogen |

Residue/Bioenergy PeE [ well] a = No other altemative since fron polle B (Bic-i|[Bio-Synges
§ - il —=— Y = biomass is used as a Iron and steel | Biocarbon* |
23 Mt i ; i : 3 carbon sovmce- - Aoplcaeans
Lo e 1= e s : Can b cambined with Iron pellet | Biocarbon | g Getenly g L r—
. BECCS cootext
Elecficaion is he b | | Medium temp. heat, CHP> [Wood residues |
e Tnid BECCS | Road Transport icsell methanol | | RNG|| Bio-Hydrogen|
opporty Space heating ** Wood Pellets || RNG
Biomass and Power [Wood residucs | = e o

electrifica-
tion Tools

E3 Models + Mutti-

‘ W criteria
g - LCA i
™ v Analysis

15%
N B Modern solid bioenergy

8 Buidings and agricuture

TR . =
» o B I I o S

- . . e bty d > Oreersn
Merit Simulation

(Biomass, CADSIM &

ifi i ’ ' Implementation of bioenergy
Electrification, ASPEN i Canade 3001 0 o

Industrial
Case studies

, H,, CCS)

I * I Ressources naturelles Natural Resources
Canada Canada



Summary of reviewed studies on Net Zero

Study Year Geography | Pathway BECCS Key concept /
optimization Modeling differentiator

Princeton 2020 U.S.A. Good Sub-regional detail

E.P.F.L. 2020 Switzerland  Yes Good Carbon flow detail

C.I.C.C. 2021 Canada No Poor Need both “safe bets”
and “wild cards”

l.LE.A. 2021 World No Poor Realpolitik

E.T.C. 2021 World No Discuss Biomass cost parity

Dunsky/ESMIA 2018/21 Québec Yes 2021 only NATEM model

Trottier 2021 Canada Yes Good NATEM model

Oxford 2021 World No No Learning curves

CER 2023 Canada No Good Energy Future 2023-2050

NRCan (internal) 2023 Canada Yes Good NATEM model
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A Paradigm Shift about GHG Emissions

High-cost energy, low-cost - st en
carbon substitution high-costcarbon =
(and Net Zero elusive...) sequestration/eliminatior

¢ Decarbonize end-use by flexible
— and efficient electrification, and

e Energy transition focusing on
efficiency, sobriety, sustainability

* Decarbonize all sectors equally negative-emission processes

« Bioenergy “OR” CCS (negative * Net negative sectors will balance
emissions in a blind spot) net positive sectors

* Biofuels and e-fuels are carbon- * Bioenergy “AND" CCS (BECCS)
neutral, HIGH merit e Biofuels and e-fuels mostly reemit

e CCS prolongs fossil fuel use, to be sequestrable C, debatable merit
avoided e CCS important, but primarily for

\ / ! biogenic and process CO,

Bioenergy must do better than carbon-neutral, offset maximum GHGs,
and fit with sustainable forest management
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Our approach / methodology

Biomass applications - Merit Order by Sector
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Why a Multi-Criteria Analysis?

= Net zero studies highlighted the importance of biomass in achieving net zero GHG
emissions;
= Biomass allocation must be optimised considering its limited quantities;
» Some of the key criteria that can be derived from Net Zero studies include:
« Existence of an alternative to bioenergy, including process change or electrification;
« Efficiency relative to electrification, not to fossil fuels;

« Possibility to not reemit carbon;
« Compatibility with BECCS over time;
» Technical constraints and retrofit costs of industrial processes.
» Other biomass allocation approaches do not consider these criteria explicitly;

» Other biomass allocation approaches may not consider the technical and economic
challenges associated with bioenergy usage.




Why a Multi-Criteria Analysis?

The good engineering judgment was added to the study to identify and select the most
promising pathways and applications;

» Difficult to incorporate using other approaches for many industrial processes and

pathways.

In this study, it was not assumed that a given energy source needed to be replaced by
its bioequivalent;
Alternative energy sources were investigated to identify the lowest quality energy source
for each industrial applications, and ideally, the one requiring the least processing steps.



Biomass Volume in Quebec

Municipals waste (0.18)
Pulp and paper residue (0.67)
CRD waste (0.38)

Papier et carton (0.66)
Organic materials (1.07)
Forestry residue (3.41)

Animal waste (2.13)

Non merchantable wood (1.26)

19.1

Agricultural biomass (0.55) v M o DT

Residue of the secondary wood transformation (0.76)

Residue of the primary wood transformation (8.06)

Note 1: Only forest residues and non-merchantable
wood are assumed to be not yet exploited;

Note 2 : Around 4.67 million tons of dried biomass per
year is available;

Note 3: Residues from primary and secondary wood
processing are the most competitive source of biomass,
but most of them are already in use.

Note 4: Modification to the current forest value chains
will be needed for some bioenergy applications to
“free” more saw dust and shavings (higher quality
biomass)

Référence: INVENTAIRE DE LA BIOMASSE DISPONIBLE POUR PRODUIRE DE LA BIOENERGIE ET PORTRAIT DE LA PRODUCTION DE LA BIOENERGIE SUR LE

TERRITOIRE QUEBECOIS, Rapport WSP, 2021
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Biomass Availability - by Type and by Administrative Region

Résidus des fabriques de pates et papiers (0.07)

CRD (0.01)
Résidus alimentaires, résidus Papiers et cartons (0.02)
verts et autres matiéres
organiques (0.04)
Déjections animales (0.07)

Production et résidus des
cultures végétales (0.02)

Boues municipales (0.002)

' Bois sans preneurs (0.14)

1.54
(MTBA)

Biomasse forestiére résiduelle (0.49)

Produits conjoints de la
deuxiéme transformation (0.06)

Produits conjoints de la premiére transformation (0.62)

ibifité de la biomasse dans la Mauricie

Ressources naturelles Natural Resources
Canada Canada




Energy and GHG Mapping of the Quebec Industrial Sector

Aluminium: 196.2 PJ

Electricité: 237.8 PJ

Pate et papier: 148.0 PJ

Biomasse: 39.7 PJ

o
Bioénergie: 76.6 PJ Liqueur de cuisson: 36.9 PJ ' '
\\\\ , r I Raffineries: 53.0 PJ

Gaz Naturel: 77.7 PJ
I Sidérurgie: 49.2 PJ

—

~r
= ~. &'
3 Ny = .
Coke de Pétrole: 46.2 PJ \Q\ N5 /k_ [ | Extraction de minerai de fer: 27.3 PJ ks
= — o NP / 0 04
_ = Autre: 39.7PJ I . = [ ] Ciment: 16.4 PJ

(] Alumine: 11.5 PJ

Combustibles fossiles: 201.1 PJ

g Charbon: 13,0 PJ [ i~
— l

Diesel: 11.7 PJ =7 74>

e,
Coke: 6.1 PJ O

Mazout: 6.8 PJ O

=] Extraction de minerai d'or et dargent: 10.9 PJ

< Chaux: 2.9 PJ

Accounts for 70% of emissions and 67% of industrial energy consumption
in Quebec including petroleum coke and process coal.
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Pates et papiers — Estimations obtenues par simulation

| Machine a pate ou a papier | (35-70°C)

Fabrication de péte chimique Fabrication de p i s
o e e e e e e e e e e A==
| . - ) 0
| 2,7Pidegaz Air Eau Addition de chaux Vapeur Copeaux de bois | . . )
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| naturel et | 3
| 0,5 PJ de mazout | produite en ballots
[ Eau | sur place

[ ] : —] Chaux Y e |

. I iqueur . | Ry
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| . £ s [ |
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| (~200°C) récupération concentrée S Vapeur | l
| — Condensat |
| |
| |
| |
| |
|
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: Eau : | Pf°°_“"‘5 thermomécanique | rouleau;)
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: : | Vapeur Condensat |
Turbine | b ————— I e i (A . :
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! | 12 petits 30 petits (__crton) h
__________________________ —»| émetteurs 5| émetteurs
0,2P) (SCIAN 3221) 1,4P) (SCIAN 3222)
<0,3 PJ de diesel de gan naturel 51 de gaz naturel
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Emissions GES des 9 soussecteurs industriels
(23.32 Mt CO,.,)

= Alumine

= Aluminium

= Chaux
Ciment

= Extraction de minerais d'or et
d'argent

= Sidérurgie

= Extraction et boulettage du minerai

de fer

= Pates et papiers

Consommation d'énergie des 9 soussecteurs industriels
(519.34 PJ)

= Alumine

= Aluminium

» Chaux
Ciment

= Extraction de minerais d'or et
d'argent

» Sidérurgie

» Extraction et boulettage du minerai

de fer

u Pates et papiers

Ressources naturelles  Natural Resources
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Multi-Criteria Analysis — Bioenergy

* The aim of this analysis is to maximize the reduction
of GHG emissions in industrial facilities, while
taking into account technical and economic
constraints;

» The criteria were identified with the help of experts and
a thorough review of net-zero studies (e.g.,
Dunsky/ESMIA);

» Agricultural applications are excluded;

+ The weight given to each criterion can be modified in
the tool developed to perform a sensitivity analysis;

 Results: Potential industrial needs far exceed
resource availability

hd |
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Multi-Criteria Analysis — List of projects at a plant level

GHG

. - e emisisons |Fuel . Primary |Bioenergy

Project # |Facility name Facility city Sector 2019 switching % Sub process/equipment fuel alternative
> = > ~ |(tcoze) |- = > > >

1 Raffinerie Jean-Gaulin Lévis Raffineries de pétrole 1,331,211 (100% Boiler Gas Dried biomass
2 Usine de Bouletage de Port-Cartier Port-Cartier Extraction de minerais de fer | 1,328,490 [100% Boiler Liquid |Dried biomass
3 Usine de Bouletage de Port-Cartier Port-Cartier Extraction de minerais de fer | 1,328,490 [100% Pelletizing furnace Liquid |Bio-oil
4 Usine de Bouletage de Port-Cartier Port-Cartier Extraction de minerais de fer | 1,328,490 [100% Mobile/fixed equipments Liquid |Ren. Diesel
19 Usine de Bouletage de Port-Cartier Port-Cartier Extraction de minerais de fer | 1,328,490 [100% Pelletizing furnace Solid Bio-char
5 Fibrek SENC St-Félicien Usines de pate chimique 1,169,284 |[100% Boiler Gas Dried biomass
6 Fibrek SENC St-Félicien Usines de pate chimique 1,169,284 |100% Lime kiln Gas Syngas
7 Usine de La Tuque La Tuque Usines de carton 1,158,077 [100% Boiler Gas Dried biomass
8 Usine de La Tuque La Tuque Usines de carton 1,158,077 |100% Lime kiln Gas Syngas
9 Domtar Usine de Windsor Windsor Usines de papier (sauf le papid 1,143,261 [100% Boiler Gas Dried biomass
10 Domtar Usine de Windsor Windsor Usines de papier (sauf le papid 1,143,261 [100% Lime kiln Gas Syngas
108 Cascades Groupe Tissu Lachute, une division de CascLachute Usines de papier (sauf le papig 11,905 [100% Boiler Gas Dried biomass
109 Fabrication région Est, Sherbrooke Sherbrooke Usines de papier (sauf le papig 11,594 [100% Boiler Gas Dried biomass
110 Centrale d'Obedjiwan Obedjiwan Production d'électricité a parti[10,287 100% Generator Liquid |Dried biomass
111 Rosario Poirierinc. St-Alphonse Sawmills (except shingle and shake mills) |100% Mobile/fixed equipments Liquid |Ren. Diesel

I * I Ressources naturelles Natural Resources
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Multi-Criteria Analysis — Tool developed

» Excel based tool that allows the user
to qualitatively evaluate and rank
different bioenergy projects

* Objective considered: Maximize GHG
reduction in industrial facilities while
considering technical and economic
constraints

» Bloc-flow diagrams present the
process and energy use in each
equipment/process.

I * I Ressources naturelles Natural Resources
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Multi-criteria Analysis Results — Bioenergy

Average priority score by fuel type Average priority score per process/equipment

100 ‘

90 78% ‘

80 (22 projects) 66% 6a% i

70 (2 projects) (16 projects) (59 projects)

60 44%

50 (12 projects)

40

30

20

10

0
Solid H2 Liquid - Other Gas Liquid - Mobile and N .
equipment fixed equipment

» Calciners and rotary kilns are the processes/equipment with the highest average priority score, followed by processes
requiring biocarbon.

» Boilers account for the largest number of projects, and apply to various sectors such as pulp and paper, iron and steel, oil
refineries, etc.

* Lower-priority projects mainly aim at replacing fossil fuels used in mining equipment with renewable diesel.
* Projects related to the production of bioenergy in solid or H, form have a higher priority score.
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Multi-Criteria Analysis Results — Bioenergy (continued

I Précalcinateur/four rotatif (Potentiel de réduction de GES: 1.15 Mt CO2éq)

I Four de bouletage (Potentiel de réduction de GES: 0.69 Mt CO2éq)

I Four a arc électrique {Potentiel de réduction de GES: 0.68 Mt CO2éq)

[] Refermage du méthane (SMR] (Potentiel de réduction de GES: 0.41 Mt CO2éq)

Chaudiére (Potentiel de réduction de GES: 2.02 Mt CO2éq) Limite de la biomasse
disponible

Biomasse (18.91%)

Cuisson des anodes et four de (Potentiel de ion de GES: 3.33 Mt CO2éq)

16 MODT

Biomasse torréfiée (4.63%)] |

H2 (3.42%) ]

Diesel renouvelable (10.98%)

de réduction de GES: 0.83 Mt CO2¢q)
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Biomass valorization through energy integration with industrial sites

syngas » Higher overall energy efficiency
* Possibility of using gaseous products from the
gg) bioenergy plant on an adjacent industrial site
9—. g% H » Lower cost (on a large scale as part of a long-
- >q% ______ X o—o) > term contract)
= &Q o—lo Non-integrated pyrolysis prochar Industrial site » Lower GHG emissions from biofuel production and
transportation

Industrial site
Waste heat

Biochar
Bio-oil
Gas

e e
— O O Integrated pyrolysis
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Consensus Order of Merit for 2050 — Biomass

4

Electricity pathways:
High efficiency OR
High flexibility

BECCS reducing agents for chemicals and steel

Industrial BECCS for cement, lime, steel,

Biomass pathways: Iron ore (CCS needed anyway)

High sequestration AND

High electricity offset — long lasting

RNG from manure & MSW (hard to

H, pathways: .
2l y sequester + methane reduction)

Non-energy

Electricity pathways:
Moderate efficiency AND Biofuels & RNG (unelectrifiable end uses)
Low flexibility

Biomass pathways: BECCS — methanation (unelectrifiable end uses)
Low electricity offset and

b g BECCS — district heat or electricity | Biochar as soil
H, pathways: Energy

Electricity pathways: : s
Low efficiency AND Biofuels (electrifiable end uses)
Low flexibility
Biomass pathways: Biomass combustion w/o CCS
Carbon “neutral”
H, pathways: Dubious RNG for electrifiable end use
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Consensus Order of Merit for 2050 — Biomass and Electricity

4

Electricity pathways:
High efficiency OR
High flexibility

Iron ore (CCS needed anywa
Biomass pathways: ( Y Y)
High sequestration AND

High electricity offset Bioproducts — long lasting

" : RNG from manure & MSW (hard to
, pathways:

Non-energy

sequester + methane reduction)

Electricity pathways:
Moderate efficiency AND
Low flexibility
Biomass pathways:
Low electricity offset and
carbon sequestration
H, pathways: Energy

Electricity pathways:
Low efficiency AND
Low flexibility
Biomass pathways:
Carbon “neutral”
H, pathways: Dubious

Ressources naturelles  Natural Resources
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BECCS — district heat or electricity

Biofuels (electrifiable end uses)

No regret applications for net zero target

Biomass combustion w/o CCS

RNG for electrifiable end use

[

Biomass

Industrial BECCS for cement, lime, steel,

Biofuels & RNG (unelectrifiable end uses)

Biochar as soil

Continuous electrolysis

H, and BECCS as reducing agents for chemicals and s

High efficiency electro-technologies

Intermittent electric boilers & furnaces
(curtailed renewables only)

Electric
heat pumps

Intermittent electrolysis
(curtailed renewables only)

Boilers & furnaces —

continuous, high temp H, for seasonal CHP

BECCS — methanation (unelectrifiable end uses)

H, for long haul transportation

Boilers & heaters —
coincident peaks, low temp

H, for heat (electrifiable end uses)

H, for CCU when CO, sequestrable

Electrification

Green H,




Conclusion

CanmetENERGY in Varennes and the Gouvernement du Québec modelled decarbonization options
from an energy systems perspective, to help guide heavy industrial CO, emitters

— Combine different methods (case studies with industry, E3 models, MCA, etc.) to refine “order-of-merit”
information (pathway arbitrage between bioenergy, hydrogen, electrification etc.) on different time
scales, and subsequently to roadmap efficient and “no regret” pathways to industrial decarbonation

Key lessons around bioenergy

— The bioenergy projects identified for the industrial sector could require up to 16 MTBA. However, only
4.7 MT of dried biomass are currently available;

— According to the analysis, projects producing bioenergy in solid and gaseous form gain greater merit for
maximizing GHG reductions, especially when carbon sequestration is a co-benefit;

— Projects allowing biogenic carbon sequestration reduce the amount of electricity needed for net-zero
— Electrification should be favored where the technology is available, cost-effective, and energy efficient

4
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Contact information

Milad Aghabararnejad, ing., Ph. D.

Senior Engineer/Project Lead, CanmetENERGY in Varennes
Energy Efficiency and Technology Sector

Natural Resources Canada | Government of Canada

- milad.aghabararnejad@NRCan-RNCan.gc.ca

Serge Bédard, P.eng., M.eng.

Senior Manager, CanmetENERGY in Varennes
Energy Efficiency and Technology Sector

Natural Resources Canada | Government of Canada
serge.bedard@nrcan-rncan.gc.ca

hd |

Canadi



mailto:Milad.aghabararnejad@NRCan-RNCan.gc.ca
mailto:serge.bedard@nrcan-rncan.gc.ca

	Forum de mi parcours_Complete_AM
	Slide 1
	Slide 2: Bienvenue / Welcome
	Slide 3: Ground rules
	Slide 4: Land acknowledgement
	Slide 5: Ottawa, August 1991*
	Slide 6: Opening Remarks
	Slide 7: The Forum (in a nutshell)
	Slide 8: National and regional challenges
	Slide 9: Panelists
	Slide 10: Panelist
	Slide 12: Panelist
	Slide 14: Panelist
	Slide 16: Panelist
	Slide 18: National and regional challenges
	Slide 19: Optimal development of the Canadian forest sector for both climate change mitigation and economic growth
	Slide 20: Presenter
	Slide 22: Pause de réseautage Networking break 
	Slide 23: Bioenergy supply and demand outlook in a net-zero Canada
	Slide 24: Presenter
	Slide 26: Bioenergy supply and demand outlook in a net-zero Canada
	Slide 27: Pause dîner Lunch break
	Panel 1_Dagher.pdf
	Slide 1: Main objective of the project
	Slide 2: Evaluation and comparison framework?
	Slide 3: Evaluation and comparison framework?
	Slide 4: First phase of the project
	Slide 5: Report following the workshops discussions
	Slide 6: Comments that stood out

	Panel 1_Holowaychuk.pdf
	Slide 1
	Slide 2
	Slide 3

	Panel 1_Rasmussen.pdf
	Slide Number 1
	Slide Number 2
	Slide Number 3

	Panel 1_Sharma.pdf
	Slide 1

	Panel 1_Thiffault.pdf
	Slide 1
	Slide 2
	Slide 3

	Présentation 1_Chaffanjon.pdf
	Default Section
	Slide 1: Optimal development of the Canadian forest sector for both climate change mitigation and economic growth
	Slide 2: ESMIA in brief
	Slide 3: Outline

	Project goals
	Slide 4
	Slide 5: Project goals

	The NATEM model
	Slide 6
	Slide 7: NATEM Coverage
	Slide 8
	Slide 9

	Methodology
	Slide 10
	Slide 11: Methodology – Extending NATEM modelling capability the NATEM-CFS model
	Slide 12: Wood harvesting supply chain
	Slide 13: Harvested wood product (HWP) supply chain
	Slide 14: Disaggregation of the construction sector 

	Scenarios & Results
	Slide 15
	Slide 16: Scenario definition
	Slide 17: Total greenhouse gases (GHG) emissions
	Slide 18
	Slide 19: GHG emissions by sector
	Slide 20: Final energy consumption
	Slide 21: Biomass feedstock consumption
	Slide 22
	Slide 23: GHG emissions by sector and HWP emissions
	Slide 24: Wood harvested and use
	Slide 25: Construction materials

	Key findings and future works
	Slide 26
	Slide 27: Key findings
	Slide 28: Possible developments
	Slide 29: Thank you. 


	Présentation 2_Bartholameuz.pdf
	Slide 0: Bioenergy Demand and Supply Outlook in a Net-zero Canada Canada’s Energy Future 2023 
	Slide 1: Canada Energy Regulator (CER) & Canada’s Energy Future (EF) 
	Slide 2: EF2023 Study Design, Scenarios and Assumptions
	Slide 3: Bioenergy’s Role in Net-zero Scenarios
	Slide 4: EF Modelling Suite
	Slide 5: BSM Deliverables 
	Slide 6: Bioenergy Demand Outlook
	Slide 7: Bioenergy Availability
	Slide 8: Biomass Supply
	Slide 9: Biomass End-use
	Slide 10: Key Findings and Key Messages
	Slide 11


	Forum de mi parcours_Complete_PM_v2
	Slide 28: Scaling up bioenergy systems
	Slide 29: Panelists
	Slide 30: Panelist
	Slide 32: Panelist
	Slide 34: Panelist
	Slide 36: Panelist
	Slide 38: Scaling up bioenergy systems
	Slide 39: Prioritising biomass uses to achieve net-zero target
	Slide 40: Presenters
	Slide 42: Prioritising biomass uses to achieve net-zero target
	Slide 43: Energy efficiency and carbon intensity of bioenergy systems
	Slide 44: Panelists
	Slide 45: Panelist
	Slide 47: Panelist
	Slide 49: Panelist
	Slide 51: Panelist
	Slide 53: Energy efficiency and carbon intensity of bioenergy systems
	Slide 54: After the break
	Slide 55: Pause de réseautage Networking break
	Slide 56: Evaluation of biomass use in a net-zero future
	Slide 57: Plenary session
	Slide 58: Merci et à bientôt Thank you and see you soon
	Panel 2_MacLean.pdf
	Slide 1: Scaling up has many Dimensions and complexities 
	Slide 2: Life cycle Implications - Context Matters
	Slide 3: Diversity of Modeling levels and Results

	Panel 2_Mupondwa.pdf
	�Scaling Up  Agri-based Feedstocks � for Clean Energy and Bioproducts in Canada�By�Dr. Edmund Mupondwa, Ph.D., MBA �Bioproducts and Bioprocesses�Saskatoon Research and Development Centre�Science and Technology Branch, AAFC, Government of Canada.�and �Department of Chemical and Biological Engineering�University of Saskatchewan��Midterm forum of the project “Biomass and carbon neutrality: putting in place an evaluation framework”, organized by the Institut de l’énergie Trottier, Institut de l’énergie Trottier, Polytechnique Montréal. �National Arts Centre, Ottawa�February 13, 2024ference�Sandic Hotel, Stockholm, �
	Slide Number 2
	Slide Number 3

	Panel 2_Pauer.pdf
	Slide 1
	Slide 2: Bioenergy at the global level
	Slide 3: Bioenergy at the global level and in Canada

	Panel 2_Sebaa.pdf
	Slide 1: Challenges faced by Industrial in meeting their targets 
	Slide 2:  Industrial interest in biogas and RNG  
	Slide 3: Carbon intensity and environmental attribute

	Présentation 3_Aghabararnejad and Bédard.pdf
	Title and Agenda
	Slide 1

	Template Slides
	Slide 2: Outline
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8

	ESMIA
	Slide 9
	Slide 10

	Multicriteria analysis
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Consensus Order of Merit for 2050 – Biomass and Electricity
	Slide 24
	Slide 25


	Panel 3_Bédard.pdf
	Slides for the panel
	Slide 27
	Slide 28
	Slide 29


	Panel 3_Ghatala.pdf
	Slide 1: Canada’s Clean Fuels Sector
	Slide 2: Avoided GHG Emissions
	Slide 3: Biofuels: Net-Zero Ready

	Panel 3_Ka Wing Ng.pdf
	Slide 1: Canadian Steel Sector Climate Action
	Slide 2: Biogenic Carbon Utilization in Steel Production
	Slide 3: Industrial Scale Implementation

	Panel 3_Saddler.pdf
	Slide 1: The Forest Products Biotechnology/ Bioenergy/Biofuels Group at UBC
	Slide 2: Forest Management/Biomass schemes;  certifying “sustainability”
	Slide 3: Certifying the “sustainability”/ Carbon Intensity (CI) of biofuels: (e.g., terminology, SAF vs. Biojet Fuels)



