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About me

e Grew up in Ohio and received BS and MS in
Mechanical Engineering from Ohio State
University

e Spent career researching and developing piston
and jet engines

e Moved from FL to NC one year ago to develop
engines that reduce carbon emissions at M2X
Energy

® | try to maximize time outdoors!
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Agenda

1. M2X Energy’s Mission and Product
2. Rapid Product Development
3. Vault Implementation

4, Questions
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Our Mission: Solve the Flaring Problem and
Monetize Traditionally Uneconomic Gas Streams
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M2X Modular Plants Address 88.5% of Flares
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The Product

Next Generation Mobile and Modular Chemical Plant

We are deploying mobile units to convert would-
be flare gas into useful liquid products:

e Using Gas-to-Liquids (GTL) conversion process with
engine reformer.

* Mobile unit will allow rapid deployment (and
redeployment) to remote areas.

e Repurposing commercial hardware

* Modular system gives scalability to match customer
needs.
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The Process

Flare gas in, Methanol out
e Flare gas and ambient air ingested by engine reformer, to produce syngas

® Reactor converts syngas into Methano! and water
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Engine Reformer Benefits

* Rich partial oxidation (POX) of natural gas in an
internal combustion engine to produce synthesis
gas (H2 + CO) is integral to our GTL process.

o Mature hardware

o Low CapEx

o Robust and self-sufficient
o Modular

o Programmable electronic control

e Conventional steam methane reforming (SMR)
o High CapEx

o Not modular or redeployable

Steam
Methane
Reforming

flue g.f)

STEAM METHANE
REFORMING PLANT
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Evolution of Chemical Production (Methanol)

Methanol production (1960s) Methanol production (today) Methanol production (next gen
Introduction of ICI low-pressure process Same basic process, up to 5000 tpd Modular, distributed, numbered-up
Natural gas feed Natural gas feed Flare gas feed
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Upstream

Mid

Downstream

Injection/Pipeline

Why Methanol as Product?
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Distillation
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https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jan/IRENA_Innovation_Renewable_Methanol_2021.pdf
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Summary

e Natural gas flaring is a major source of GHG emissions.

e M2X Energy is a startup solving the flaring problem and monetizing traditionally
uneconomic gas streams.

o Product shifts away from legacy chemical plants to a mobile system
o Engine reformer and other mature hardware lowers CapEx and increases robustness

o Methanol produced has negative carbon intensity
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Rapid Product
Development



Key Partnerships

® |everaging partnerships with

established companies for component

design and manufacturing

e Fast start — prove product before
building infrastructure

e M2X does system level design and
development and retains all IP

Engine reformer
development

Synthesis module
fabrication

EMme2X

System design, integration,
deployment, scale-up,
commercialization

Catalyst
and process
development
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Engine Reformer Rich Limit Extension

» Engine must be run extremely rich of stoichiometric conditions to achieve partial
oxidation and make syngas.

« Combustion development and flame propagation becomes challenging and
requires engine hardware changes.
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Rapid Prototyping for Rich Limit Extension

* The ignition system of the engine reformer
was quickly identified as a primary
limitation.

« M2X designed a novel ignition system for
our engine reformer (patent pending).

» Additive manufacturing enables rapid dev.
cycle not possible with conventional
methods.
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What is Vault?

Vault is a product data management (PDM) software that helps manage your design and
engineering data, improve collaboration, and take control of your product development

processes.

~ Direct CAD integration
Manage CAD data in one familiar interface. Autodesk
design tools integrate with Vault PDM.

~ Enterprise scalability
Eliminate the need for object ownership and simplify
your replication environment.

~ Shared views
Share native files with external collaborators while
protecting IP. Review, mark up, and track comments.

~ Enterprise integrations
Extend the value of your data by integrating PDM with
other business systems such as PLM and ERP.

.~ Data reuse and design automation
Save time by easily copying designs and reusing,
replacing, or copying components.

~ Engineering change orders
Easily manage engineering change orders (ECOs) with
an intuitive workflow.

~ Project sync
Automatically or manually synchronize files from a
folder in Vault with a folder in a cloud drive.

« Thin client
Access and view design data, bill of matenals, and
change orders using only your web browser and Vault
credentials.

v~ Concurrent design
Enable multiple team members to make concurrent
designs from one central location, with safe,
simultaneous access to data.

+~ BOM management
Create and maintain a more accurate and
comprehensive manufacturing bill of materials.

~ Duplicate search
Combine properties filtering with geometric search
capabilities to improve duplicate search workflows.

~ Mobile app
Wark with vour design and engineering data on the go
on your mobile phone or tablet.
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Motivation for Using Vault

e Consolidate and control
multiple types of CAD files
we receive from our
partners into a system of
record Parametric files created in PTC Creo

e Begin building BoM and
documentation now

STP files of purchased parts

DOCUMENTATION
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Vault Server Setup

e Vault can be hosted from a local
on-site server, or be cloud-based.

CONNECT VIA INTERNET
GATEWAY

e M2X using cloud-based
implementation

Client 1

Vault Server m
pr—
) | < i ’ Database
0

Web ——

o Team is remotely distributed across
several states

o No central office to house a server.

Server

_
_ KETIV

Client 2 File Store

Image credit: https://ketiv.com/blog/vault-on-the-cloud-enabling-remote-work-and-data-management/
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Vault Architecture

Folder Structure

TOP LEVEL

Coo G e
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Vault Architecture

File Naming

e Partners have their own naming conventions, but we are converting our files to a common
naming convention:
o Human readable/conveys meta data

Hx-200 =3P 04HXI0200

0200 = HX-
04 = SYNTHESIS 200 ON P&ID

SYSTEM HX = HEAT
EXCHANGERS

»2 AUTODESK UNIVERSITY



Vault Benefits

e Easy to check-in entire assembly from partners then rename files and organize

Initial Check-in Structure:

Structure Received: i ¥otiirivti .
Assemblies
Home

pilot_system

| B m21-0507.01 Equipment Model

1
- 1
v Equipment Model(s) —— 2 I Change OrderList o 0 Name
- Blocks . B 1M21-0507.01 Equipment Model-Reformer Section 1 Itern Master
B 121-0507.01 Structural Model - Front Sectien .
18 o it £ i ! 5 B3 Project Explorer 5) - Folder
Equipment Components | B wa10s0701 stwctural odel - Reformer Sectian ffiil Content Center Files E7 01_fuel_conditioning
o B M21-0507.01 Structural Model 1 . i
_____________ 7] Designs 7 02_engine_reformer
i -p-ar-ts ——————— \ ﬁ I\.rentor E7 03_syngas_compressor
L ! Sl pilot_system o E7 04_synthesis_system
LI 1 E7 01_fuel_conditioning .
1 » 1 - 7 05_chiller
.. . E7 02_engine_reformer
P » 1 E7 03_syngas_compressor £ 06_exhaust
1. 1 = F7 04_synthesis_system £7 07 _trailer
1 » 1 F7 compressors_and_pumps E7 99_commen_parts
»
: : : {7 heat_exchangers E7 Equipment Model(s)
1 s 1 Intended | J £ heat:rs. | = File
» - mechanica
I . ! Structure: B O 1% M21-0507.01 Equipment Model dwg
[ 1 E7 membranes = ) .
1 » 1 7 pressure_vessels (@] M21-0507.01 Equipment Model-Front Section.dwg
L e 2 ! 7 reactors (O ¥ M21-0507.01 Equipment Model-Rear Section.dwg
£ 05_chiller (O 8§ M21-0507.01 Equipment Model-Reformer Section.dwg
7 06_exhaust ii M21-D507.01 Structural Madel - Front Section.dwg
7 07 trailer ! del - Rear Section.dwg
E7 99_common_parts \ del - Ref section.d
"~ @ F7 Equipment Model(s) \ € - Reformer section.dwg
= 7 Blocks pdel.dwg
E7 Equipment Components
AUtomatica"y £ My Search Folders N
/ aq My " N

created during
assembly check-in
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Vault Benefits

e Easy to check-in entire assembly from partners then rename files and organize (cont’'d)

Final Check-in Structure:

Home  heat_exchangers B-C-a-@
= Of Project Explorer (S) ~ O [} Name ~
ffil Content Center Files File References
[ Designs E F"Ew_ Reference Name ~ Status Size Type Date Saved Path
fiil Inventor (O ¥ HX-12 Feed-Outlet Exchanger.dwg © i M21-0507.01 Equipment Model Opene.. 234MB Current  8/31/2022 7:37:
= E7 pilot_system () 'S’ HX-14 Methanol Condenser U-Tube.dwg .
= [ 01_fuel_conditioning () 5’ HX-16 Syngas Heater U-Tube.dwg :
. E ’E“_m“ef (7) S HX-28 Exhaust Water Condenser-U-Tube.dwg .
= _engine_reformer Ty o
) reactors o ':_ HX-200.dwg .
= 7 03_syngas_compressor O F§ HX-200.dwg .
) compressors_and_pumps .
] .
7 electrical ® 249MB  Attach
) mechanical =

= F7 04_synthesis_system
[ compressors_and_pumps

<hanser New folder structure
F5 mechanical o utomatically updated
% membranes ‘ in AutoCAD xrefs:

[ reactors
7 05_chiller
7 06_exhaust
7 07_trailer
] 99_comman_parts
Eq My Search Folders
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Vault Benefits

e Easily reorganize and rename files designed by partners while
retaining dependencies

e Add-ins to interface with third party CAD software (PTC Creo)
e Access control to individual folders/files

e BoM generation

4 AUTODESK UNIVERSITY



Key Points

M2X Energy is a startup solving the flaring problem
and monetizing traditionally uneconomic gas
streams.

We are relying on established partners and
advanced manufacturing techniques to accelerate

our development timeline. : G

Implementing Vault early will allow us to build a reliable
system for equipment designs, change management,
\ documentation, while collaborating with our partners. ®
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Special Thanks to the Autodesk Foundation

AUTODESK
FOUNDATION

Tech Lead Developmem Program

FELLOW 2022

Jorge Bravo Villegas
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