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Today’s Topics

Hydrogen Energy — A global perspective

Hydrogen — Production and Distribution

The Northeast — Status of Projects

Vehicles — An update from Toyota

Hydrogen in Massachusetts — Impacts and opportunities
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See the cars — we have vehicles available today
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For your consideration
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The Role of Hydrogen as
an energy vector

Part of the renewable grid

As a transportation fuel
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Hydrogen Council Roadmap
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The History of Hydrogen

1880s 1930s 1950s 1990s

Town Gas Fertilizer Space Refineries and Power Applications
Production Programs High Tech
Used for its Enabled by fuel cell
thermal Used as a Rocket Clean Fuel Regs  technology development
properties reactant propulsion Semlcoqductor & new ZEV regs
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Hydrogen Today

Reformation

Natural Gas Pipeline

Traditional Markets

Refining

Fertilizers
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Hydrogen “The Next 50 years”

Bio Methane Sources Lo

Reformation

Natural Gas Pipeline

Renewable Power Sources

Water

Electrolysis
Electric Grid
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Enable the renewable energy system > Decarbonize end uses —

Decarbonize
transportation

Distribute energy
across sectors and
regions

Enable large-scale
renewables integration

and power generation Decarbonize

industrial energy
use

Help decarbonize
building heat and
power

_ Act as a buffer
|\ to increase
system resilience

Serve as renewable
feedstock
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Denholm et al. 2008

35,000 opy
30,000 A I\ N 0 Gas
Turbine
O Pumped
25,000 4 Storage
W Hydro
g 20,000 @ Combined
— Cycle
c W Imports
.g 15,000
o O Coal
€
5 10,000 O Nuclear
O
5,000 | \Wind
O Geo
D | | | | | | | | | | | T | | | | | | | |
Exports
-5,000 Base 29 6% 10%
(no PV) PV Penetration and Hour
This document is PUBLIC
2018 ‘ Air Liquide Hydrogen Energy |

The world leader in gases, technologies and services for Industry and Health @ le lIQUIde
CrQative oXyreh




Denheolm, P.; M. O'Connell; G. Brinkman; ). Jorgenson {2015) Overgeneration from Solar Energy in California: A Field Guide to the Duck Chart. NREL/TP-6A20-65023
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Curtailment will lead to an abundance of low value electrons, and we need
solutions that will service our multi-sector demands
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What is the potential US market for renewable H2 at scale?

e Refineries
e Ammonia
 Medium- and heavy-duty vehicles
e Light-duty vehicles (LDV)

e Methanol

e Synthetic fuel

* Biofuels

e Seasonal storage for electricity

e Natural gas injection

* Metals
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Where will it be used?

Demand Technical Metric Ton of Hydrogen per County, Mormalized by County Area

potential
(MMT* / year)
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Metals 6 {metric ton/mi‘/yr
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Natural Gas 7
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Industrial sector was summarized by county to identify the total hydrogen demand for the industrial sector and ‘ ’
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Other 3 =

Data Source: NREL analysis HATIONAL RENEWABLE ENERGY LABORATORY
Transport

Electricity 28 Technical Potential Demand: 87 MMT/yr

Storage

Total 87 Current U.S. market: = 13 MMT/yr
Including captive generation for ammonia and refining
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Key results: Hydrogen has significant potential across all applications

{:} Bubbie size indicates hydrogen potential in 2050 in EJ (1 EJ)
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Key results: Industry sees technology ready to scale

Start of Mazs market
commercialization ‘ acceptability?
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Hydrogen:
Global Status Update
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2015 — 2018: Building up scale all over the world!

From From
1 000 100
to to

10 000 300
FCEVs ! H2 Stations !
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US / California — the ZEV effect

FCEV's:
18 000

5 000
100 1 200

2015 2016 2018 2020

H2 stations:
49

s @
0

2015 2019
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Germany — H2 Mobility: Deploying at full speed!

=

H, MOBILITY

FUELLING HYDROGEN

&
@

.

Air Liquide, Daimler, Linde, OMV, Shell
and Total have agreed an action plan for
the construction of a Hydrogen station
network in Germany

400 Hydrogen Stations by 2023
(100 by 2017)

350m € investment

Max. 90 km distance between each
station on motorways

10 Hydrogen Stations in each
metropolitan area
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Japan: Largest H2 station infrastructure in the world

FCEV's: 40 000

H2 stations:
092
3 000
1 500 40
o 9GS

O

2015 2016 2017 2020 4 2015 2017
gess **°

Nagoya Atsuta
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France: Innovative business models for clean mobility

HYPE Taxi Fleet Project - Paris
r X
f“!.. V | hg_ﬁe The «taxi of tomorrow»

An emission-
free Paris

Air Liquide

Key Enabler : -

of the project " " 600
m

10

2016 2017 2020
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Denmark — A nationwide H2 network powered by wind

Country-wide HRS network by 2015 | DENMARK
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Korea — Rolling out an ambitious roadmap!

FCEV's:

9 000 < H2 stations:

20
100
=

2015 2016 2017 2020

-

=»Green Car roadmap being actively implemented

=s|nnovative fleet business models

=Creation of H2 Korea to accelerate infrastructure investments gue
O 1210rEA
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Massachusetts Status
Update
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US — Entering the Northeast

Network of 12 Stations

Start-up over Q3-Q4 2018

. MA .
- Q3 2018 ............ - Dedicated H , supply chain by @ﬂ|rl_|qu|de

Project in collaboration with @
TOYOTA

New York Connecticut Massachusetts New Jersey Rhode Island
Hempstead, NY Hartford, CT Braintree, MA (2) Site locations TBA Providence, RI
(3) Site Locations TBA Mansfield, MA

Newton, MA

Lexington, MA
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Distribution Model- Hub & Spoke

LH2 Source
Quebec

H; Hub Location

LH; Pumps Analytical

LH,Storage GH; Trailer Filling .

MCEETE
450bar GH; Transport w

/’ .
Littleton, MA E)
hﬁ«ﬁ

NE Stations

2018 Air Liquide Hydrogen Energy The world leader in gases, technologies and services for Industry and Health @ Air I-lqu ide
CrQative oxyaen




East Coast Planned Fueling network- Hubs

2 Hubs to supply the NYC and Boston clusters
0 Delivered liquid from Canada with (5) back-up sources
O Capacity - 2,100 kg/d (each hub) or 4,200 kg/d total
0 Allows for flexible demand growth
0 Uses proven technology used in forklift applications

Boston Hub — Littleton, MA, colocated at Fiba Technologies

O Lease signed, approved by planning, and construction
completed

O Room for expansion

NYC Hub
O Using existing Air Liquide fill facility
QO Other sites being evaluated for planned expansion
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Mass — Next steps

Station openings and vehicle introductions are imminent

1. Vehicle access — Mass DOT, access to tunnels

2. Station leases — Mass DOT property signoffs
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Hydrogen - an energy vector that enables renewables and ZEVs

Scale enables transition and cost reductions

Global projects — transitioning from demonstration to market
development

Mass - Station openings and vehicle introductions are imminent
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Thank youl!

For your consideration
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Backup Slides - Beyond Personal Mobility
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FC Buses: EU and China showing the way

Ongoing EU-funded fus cell

Ongoing EU-funded fual cell

bus projects bus project
cCHIC @
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Freight Movement - Nokola

NEWS
Nikola Motor gets $2.3B worth of preorders for 2,000HP, electric semi-trailer
truck

;N’iNMDLA

The Nikola One utilizes a fully electric drivetrain powered by high-density lithium batteries.
Energy will be supplied on-the-go by a hydrogen fuel cell giving the Nikola One a range of 800 -
1,200 miles while delivering over 1,000 horsepower and 2,000 ft. Ibs. of torque — nearly double
that of any semi-truck on the road. Never has a production model class 8 truck achieved best-
in-class fuel efficiency while also dramatically improving performance over its diesel

competition — all with zero-emissions.
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Freight Movement - Toyota

Toyota Opens a Portal to the Future of Zero Emission Trucking

"Project Portal" hydrogen fuel cell system designed for heavy-duty truck at the Port of Los Angeles

Feasibility study will examine potential usage of fuel cell technology in heavy-duty applications

April 2017
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Freight Movement — US Hybrid

¢

US Hybrid

H>Truck™

1: SAE 12601 Standard

fL 25 kg, 350 BAR

Li-lon Battery Fuel Cell, 80kW

FekWhr

Iﬂ-ﬁai?m, :'Et'l i 'Ek.'-'n-' -
Hydraulic and Air System

Direct Electric Drive Power:
320kW (500hp)
Torque: 3,750 Nm

Fuel Cell Electric Class-8 Truck Powertrain System Configuration
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Freight Movement - California

MEDIUM- & HEAVY-DUTY FUEL CELL ELECTRIC TRUCK Zero Emifrﬁ'mn Cargo Transportation Fuel Cell Drayage
ACTION PLAN FOR CALIFORNIA Tf‘fl’f‘lf"ﬂleﬂl

Summarized Version
| October 2016

Kenworth fuel cell truck. (Illustration: Kenworth)
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Parcel Delivery

UPS to Deploy Hydrogen Fuel Cell Truck in California

FedEx Fuel Cell Chassis
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Ontario studying using hydrogen fuel cells to power GO
trains

THE CGANADIAN PRESS

FIRST POSTED: THURSDAY, JUNE 15, 2017 12:32 PM EDT | UPDATED; THURSDAY, JUNE 15, 2017 04:41 PM EDT

Alstom’s hydrogen train Coradia iLint first successful run
at 80 km/h
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