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Know Your Audience
Decarbonization Drivers
Definitions

Status of Our Industry
Facility Considerations
Clean Energy Options
Economics

Process & Optimization




Overall Workshop Technical Agenda

1 Rail Decarbonization Strategies from Around the World, Part | & |l

2  Advancing Clean Energy Technologies and Strategies for Rail Applications
3 Moving North American Rail Industry Towards Decarbonization, | & |l

4 Global Trek Towards Decarbonization

5 Infrastructure & Resiliency — The Missing Link!

6 “Standing Up” the Standards

7 Optimizing Current Technologies and Operations for More Efficient Rail
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Pulse of the Industry

Audience Poll

* Presented on similar topics
already this year?

* Presenting on similar topics

yet this year?

* Presenting outside of this
industry?

 Led or participated in internal
workshops or strategy
meetings on this topic?




Why
Decarbonization?

Looking Outside the Walls
* Regulations

 Shareholder or
Owner Pressure

« Community &
Stakeholder Input

« Customer Requests

* New Opportunities
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Why Decarbonization?

Looking Inward

 Business Growth/Client
Opportunities

* Innovation & Technology
Opportunities

* Improve Resiliency

« Employee Recruitment & Retention

 It's the “Right Thing”



Zero Emissions vs.
Net Zero Emissions vs.
Electrification vs.

Decarbonization vs.

Embodied Carbon vs....
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Rail — Small but Mlghty7 Ships & Boats

All Other 2% \

Transportation
Sources*
5%

How, What, and Where Freight Moves? 3

Truck: 39.6%
. Rail: 27.9%

Pipeline: 17.5%

Medium- and Light-Duty
Heavy-Duty Trucks Vehicles
26% 57%

B Multiple Modes: 7.8%
(Includes mail)

. Water: 6.9%
Air: 0.1%

Source: U.S. Department
of Transportation,

2019 Pocket Guide to
Transportation, 19.

Share of U.S. Transportation Sector
GHG Emissions by Source, 2020**

Note: Totals may not add to 100% due to rounding.
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Consider the Sustainable Return on Investment (SROI)
for Potential Impacts and Opportunities

Lifecycle Costs Resiliency Environment Social Economic
Capital
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Clean Energy and Zero
Emission Options

« Solar
* Wind
« +Battery Energy Storage

* “Other” — Hydrogen, Fuel
Cell, Biofuels, etc.
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Utility or Energy
Customer Supplier

Onsite vs. Virtual
Agreements

 PPA vs. VPPA
Settlement

Transfer ® ConSider the
$/kWh stakeholders involved

% * Understand your need

Power

PPA Contract Market A * |dentify your goals

9 * Weigh the Pros and
# ;.,,, — 4 ﬁ Cons
I «—

Renewable $/kwh Power
Energy Generator Market B

Source: Christopher Kent, US Environmental Protection Agency (EPA) Webinar



US solar PV installations and forecasts by segment, 2020-2033
80

60

50

40

30

Capacity (GW )

20

10

S° g S S°

Source: Wood Mackenzie

m Residential

S

S

@’ﬁ’ @qu‘

® Non-residential

(qu,‘b

@q’%

Q
oS
Utility

s




Levelized Cost of Energy Comparison—Unsubsidized |Analysis

Selected renewable energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances

Solar PV—Utility-Scale

Solar PV + Storage—Utility-Scale

Renewable Energy

Geothermal'”

Wind—Onshore $24

Wind + Storage—Onshore
Wind—Offshore
Gas Peaking?!
Nuclear
Conventional

Coal®

Gas Combined Cycle'®

$0 $25 $50 $75 $100 $125 $150 $175 $200 $225 $250 $275 $300
| Levelized Cost of Energy ($/MWh) |

Source: Lazard and Roland Berger estimates and publicly available information.



Solar
Turnkey
Costs
2021-22

Modeled US national average system prices by market segment,

Q4 2021 and Q4 2022
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Battery Storage Growth and Pricing Trends

Figure 15. U.S. large-scale battery storage power capacity, standalone and co-located //f:\
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Battery Storage Growth and Pricing Trends

60-MW Utility-Scale BESS Cost Projections for SFS

Moderate 60MW 240MWh 450
(5/kW)

2021 400

$1,475.46 [l Battery Central Inverter 350
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legend to see how cost components change for each scenario.




Understanding Impacts with the
Fleet + Energy Modeling Tools

VEHICLE DETAILS
* Dimensions

* Weight

* Power Train

= Fuel Supply

« Etc.

ROUTE DETAILS
(GTFS or GPS)

« Path
+ Stops
* Etc.

@ 06

ZERO+

INPUT MODULE
USGS Elevation
Acceleration
Speed Limits
Etc.

ZERO+
SIMULATOR
(Customized FASTSim)
» Energy

Consumption
» Fuel Consumption
* Energy Efficiency

ZERO+

SCHEDULER

* Vehicle
Assignments

» Managed Charging

» Multiple Scenarios

ENERGY CONSUMPTION

= Electric or Hydrogen
« By Trip/Block/Vehicle

* By Fueling Location

=

EN-ROUTE CHARGING
INFRASTRUCTURE

+ Power Level
* Location(s)

FACILITY CHARGING
INFRASTRUCTURE
* Power Level

= Location

* Number

OPERATIONAL IMPACTS

» Hours and Miles

* Number of Vehicles
Vehicle Swaps

+ GHG Emissions

Ec:onMOVES DECISION
SUPPORT TOOL

+ |Implementation Scenarios

« ROI and Break-Even Analysis
* Financial Planning

DER ANALYSIS

= Solar

* Energy Storage

» Firm Generation

* Resiliency, Emissions, and
Economic Assessement




Optimizing Energy Resources with Power Needs

b S EIGIGI I PERFORMANCE & TECHNICAL SPECIFICATIONS
' Model

COST ASSUMPTIONS

ANTICIPATED PV PRODUCTION

COST ASSUMPTIONS

Generator PERFORMANCE & TECHNICAL SPECIFICATIONS
Model COST ASSUMPTIONS

: EV Fleet Model OPTIMIZED LOAD PROFILE
Zero+

S Utility Tarrif
($) structure

DER
Techno-Economic

Optimization
Model

Optimal System Size & Dispatch Plan

Resiliency Benefits

Emissions Metrics

Cash Flow/ROl

= Decisions







Questions?

Will.Kirby@hdrinc.com
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