TCBIOMASS PLUS 2019 CONFERENCE
7TH-9TH 'OCTOBER 2019

Enerkem

& ’ Biofuels and Chemicals
from Mix ed Was te:

Sustainability

Prashant Kumar & David Lynch
Research & Development, Enerkem
Edmonton Alberta (CANADA)

© Enerkem



& SOLVING THE PROBLEMS OF THE THROWAWAY WORLD...

Enerkem

Regional waste generation ¥ 2016 M 2030 forecast M 2050 forecast

US ton (millions)

Europe &
" Central Asia

ie T Ty --

v

318 377 436 ' o = '
142 195 281 [ KM

North America
Waste is considered as a
mixture of biomass, 254 319 407
plastics and inorganics Latin America
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2016 Waste Generation per capita, in Ibs [
Sub-Saharan

Afica ]

0 330 660 990 990 1320 1650

5% OF 2030 GLOBAL WASTE PRODUCTION IS EQUIVALENT TO 350+ ENERKEM MODULAR TRAINS

Source: Financial Times, 2016




@ DRIVING THE TRANSITION TO A CIRCULAR ECONOMY

(D

Post-consumption
waste generation

Enerkem
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@

Value added bio-
based products to
the consumer

Converting waste
into biofuels and
renewable chemicals

Replacing fossil
sources with low-
carbon methanol

and ethanol

The Enkerkem Solution Utilizes SUSTAINABLE Carbon, comprising of:
« RENEWABLE Carbon (from biomass)
© Enerkem « RECYCLED Carbon (from fossil Carbon in plastics & from Carbon in CO2)



@B ENERKEM SOLUTION

Enerkem
FEEDSTOCK PRODUCTS

MUNICIPAL SOLID WASTE
PLASTICS Ethanol
)  AGRICULTURAL BIOMASS ?0@
FOREST BIOMASS Methanol

MATERIAL RECOVERY
FACILITY RESIDUES

© Enerkem

MARKETS

Transportation
Fuels

.....

Solvents & Coatings

g =]
Plastics &
Renewable Chemicals



The City of Edmonton’s integrated waste management center
(EWMCQC) Is the place where Enerkem has implemented its first
commercial plant transitioning to the circular economy

20% Recycled
40% Composted
30% Biofuels
10% Landfill
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SCRUBBERS AS
PART OF UNIT OPS
TO PRODUCE CLEAN
SYNGAS
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International British Columbia Carbon Intensity U.S. EPA approval to
Sustainable Carbon certification (in addition to Alberta collect RIN’s for cellulosic
Certification (ISSC) and Canadian RFS certifications) ethanol produced at EAB

2016-2017 METHANOL 2017-now  ETHANOL !



Proprietary technology transforming the ultimate residue of sorted
MSW into clean Syngas

Syngas is used to produce, thermo-catalytically and with the
option of additional H2, MeOH. The latter is carbonylated and
Ethanol produced by hydrogenolysis

PHASED CONSTRUCTION COMPLETION

STATUS

FOR SUCCESSFUL KEY ACHIEVEMENTS
SCALE-UP

PHASE 1+2 1st Commercial plant to convert heterogeneous waste feedstock to chemical grade
WASTE TO SYNGAS ~ Syngas ‘/
& Senior lenders “Bankability / Reliability” test passed (February 2017):
SYNGAS TO METHANOL *IMPCA industry-compliant Bio-Methanol sold

Installation of Bio-Methanol to Bio-Ethanol island completed in fall 2017, on time and
on budget. Commissioned on 2018.

PHASE 3

METHANOL TO ETHANOL . . : .
In EtOH production since Q1 2019; ramping-up production in Q2 & Q3

© Enerkem
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SOl PROJECT PIPELINE

UNITED KINGDOM

EDMONTON VARENNES A~
Suncor) / C@ ROTTERDAM
caLirornia() rarracona() o @
<ves S Relterdam @aAirLiquide OCH|NA

PERMITTED / IN UNDER
OPERATIONAL @ O
© Enerkem ‘ PERMITTING PROCESS DEVELOPMENT



CONTINUOUS
INNOVATION PROGRAM

@ Feedstock Pre-treatment

Making heterogenous feedstock
more homogeneous while
enhancing sustainable Carbon
content and decreasing Oxygen
and inerts, whilst improving C
efficiency

3

.l @CFD & Chemical Kinetics

)

l
| \ Modeling the core gasification
. technology via simulation
linked to experimentation
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: CONTINUOUS
INNOVATION PROGRAM

Enerkem

@ Reforming Technologies

Novel designs, testing via
prototypes, pilot units &
commercial implementation

@ Catalytic Technologies

o Value- added chemicals from
methanol and ethanol

o Stable catalyst for CO,
valorization

o lodine-free carbonylation
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CONTRIBUTING TO MEE
MANAGEMENT CHALLE
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