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Notation and Scenario Sets
The supplementary material documents the data-generation equations and scenario tables used in the 2030 stochastic case study. The extensive-form stochastic program uses route set , scenario set , freight-density classes , owned truck options , truck-copy candidates , and hired service options . Scenario probabilities satisfy  and are applied once per operating-day scenario, not once per route row.
The first-stage variables are the owned fleet count  and truck-copy activation ; they are selected before the operating scenario is known and are shared across all scenarios. After demand, freight composition, and route distance are observed, the scenario-indexed second-stage variables select owned and hired route-cycle counts, pallet assignments, stacking, truck energy use, and off-shift, daytime-depot, and route-associated energy purchases.
[image: ]
Figure S1: Illustration of the two-stage stochastic fleet-composition model. Fleet acquisition is selected before the operating scenario is observed; route service, freight loading, energy replenishment, and hired service adapt after demand, freight composition, and route distance are realized. The epsilon-constraint method generates the expected-cost--WTW-emissions tradeoff.
[bookmark: freight-class-construction]Freight-Class Construction
Freight classes are derived from standard pallet geometry and representative freight density. Representative density intervals for NMFC classes 175, 85, and 60 follow the Freightquote density chart [S3]. The pallet footprint is 48 in by 40 in and the cargo height is 45 in, giving

For freight class , pallet weight in short tons is

[bookmark: tab:si_freight_classes]where ρg is in lb/ft³. Table S1 summarizes the representative classes.
Table S1: Representative freight-density classes.
	Class
	Density
	Weight
	Volume
	Stack.

	
	(lb/ft³)
	(ton/pallet)
	(ft³/pallet)
	

	NMFC 175
	5.0
	0.1250
	50
	No

	NMFC 85
	13.5
	0.3375
	50
	Yes

	NMFC 60
	32.5
	0.8125
	50
	Yes


[bookmark: route-time-and-distance-scenarios]Route-Time and Distance Scenarios
The stochastic distance model uses route-family-specific short, main, and long distances. Base route-cycle time is

[bookmark: tab:si_route_distances]where  is the scenario-specific route-cycle distance,  is the route-family average speed, and  h is the hook/drop allowance. Table S2 gives the route families.
Table S2: Route-family distances and base travel-time assumptions.
	Route
	Short
	Main
	Long
	Speed
	Drop/hook

	
	(mi)
	(mi)
	(mi)
	(mph)
	(h)

	route_200
	100
	150
	200
	30
	0.5

	route_400
	325
	400
	475
	45
	0.5

	route_600
	500
	600
	700
	55
	0.5


Scenario-specific route-cycle distances are assigned from the short, main, and long values in Table S2. The low-light scenario uses short distances on all routes; mixed-medium and low-heavy scenarios use main distances; route-specific surge scenarios use the long distance on the surged route family; regional-long-surge uses long regional and long-haul distances; and cube-peak and weight-peak scenarios use long distances on all routes. These levels determine  and  in Eq. (S3).
[bookmark: throughput-based-baseline-demand]Throughput-Based Baseline Demand
Baseline demand is constructed from a reference truck-throughput calculation rather than by repeatedly solving the optimization model. For each route,

where  is route cycles per reference truck per day. Baseline pallets are

[bookmark: tab:si_baseline]with load factor . Table S3 reports the resulting baseline.
Table S3: Throughput-based baseline pallet demand.
	Route
	Main mi
	
	
	Cycles
	
	Pallets

	route_200
	150
	5.50
	10
	1
	12
	61

	route_400
	400
	9.39
	14
	1
	26
	155

	route_600
	600
	11.41
	14
	1
	26
	155


Scenario total pallets are computed as

where  is the route-scenario demand multiplier. Integer freight-class demands use the floor-plus-largest-remainder rule. Let  and . The residual  is assigned by adding one pallet to the  classes with the largest fractional remainders . Thus

[bookmark: expert-scenario-tables]Expert Scenario Tables
[bookmark: tab:si_scenarios]Tables S4 and S5 give the scenario design. The first table reports scenario probabilities and route-level demand multipliers; the second reports freight-density composition. Density share triples are ordered as NMFC 175/NMFC 85/NMFC 60. The three route-family columns correspond to local, regional, and long-haul routes, respectively.
Table S4: Expert-scenario probabilities and route-level demand multipliers.
	ID
	Scenario
	Prob.
	Local
	Reg.
	Long

	W1
	mixed medium
	0.45
	1.00
	1.00
	1.00

	W2
	low light
	0.10
	0.70
	0.70
	0.70

	W3
	low heavy
	0.10
	0.80
	0.80
	0.80

	W4
	local bulky surge
	0.05
	2.30
	0.85
	0.85

	W5
	local heavy surge
	0.05
	1.90
	0.90
	0.90

	W6
	regional surge
	0.05
	0.85
	2.40
	0.85

	W7
	long-haul surge
	0.05
	0.80
	0.80
	2.70

	W8
	regional–long-haul surge
	0.05
	0.75
	2.20
	2.30

	W9
	cube peak
	0.05
	1.80
	1.60
	1.40

	W10
	weight peak
	0.05
	1.50
	2.00
	2.40


[bookmark: tab:si_density_shares]
Table S5: Freight-density composition by scenario and route family. Scenario IDs follow Table S4; shares are NMFC 175/85/60.
	ID
	Local
	Reg.
	Long

	W1
	0.50/0.30/0.20
	0.30/0.40/0.30
	0.15/0.35/0.50

	W2
	0.70/0.20/0.10
	0.55/0.30/0.15
	0.35/0.40/0.25

	W3
	0.25/0.40/0.35
	0.15/0.35/0.50
	0.10/0.25/0.65

	W4
	0.75/0.20/0.05
	0.30/0.40/0.30
	0.15/0.35/0.50

	W5
	0.15/0.30/0.55
	0.30/0.40/0.30
	0.15/0.35/0.50

	W6
	0.50/0.30/0.20
	0.10/0.35/0.55
	0.15/0.35/0.50

	W7
	0.50/0.30/0.20
	0.30/0.40/0.30
	0.05/0.20/0.75

	W8
	0.50/0.30/0.20
	0.05/0.25/0.70
	0.05/0.25/0.70

	W9
	0.75/0.20/0.05
	0.60/0.30/0.10
	0.50/0.35/0.15

	W10
	0.10/0.30/0.60
	0.05/0.25/0.70
	0.05/0.15/0.80


[bookmark: X94494e06ee98160d4b59da3fcc322f4509a97c5]Truck Option Screening and Hired-Service Cost Construction
The owned option set contains 21 truck options after filtering the 2030 techno-economic data. Local service can use Class 7 day cabs with 100 or 200 mile range tiers and Class 8 day cabs with 150 or 300 mile range tiers. Regional and long-haul service can use Class 8 sleeper trucks with 300 or 600 mile range tiers. Candidate powertrains are DICET, BET, and HFCET–350bar with gray, blue, or green hydrogen pathways. The underlying vehicle techno-economic and performance inputs follow the prior heavy-duty-powertrain study [S1], which uses the T3CO framework [S2].
Hired service is modeled as an all-in route-cycle cost. Regular local spot service is available with Class 7 DICET and BET trucks on the local route. Emergency diesel service uses a Class 8 sleeper DICET 600-mile option and is available on all route families. Emergency green-HFCET service uses a Class 7 day option on the local route and a Class 8 sleeper option on the regional and long-haul route families. Let  be the S1 TCO value for hired option  in USD/ton-mile and let  be the representative payload in short tons. The hired route-cycle price is

[bookmark: tab:si_hired]where  for regular local hired service and  for emergency service.
Table S6: Hired-service tiers used in the stochastic recourse model.
	Tier
	Class/cab
	Powertrain
	Routes
	Mult.

	Regular local
	Class 7 day, 200 mi
	DICET
	Local
	2.0

	Regular local
	Class 7 day, 200 mi
	BET
	Local
	2.0

	Emergency
	Class 8 sleeper, 600 mi
	DICET
	All
	3.0

	Emergency
	Class 7 day, 100 mi
	HFCET green
	Local
	3.0

	Emergency
	Class 8 sleeper, 300 mi
	HFCET green
	Reg./long
	3.0


[bookmark: energy-service-equations]Robustness and Sensitivity Analyses
The central case uses the 2030 Program Success technology future and medium energy prices. The following tests vary one assumption family at a time while retaining the formulation, truck-option filter, ten operating scenarios, route definitions, demand multipliers, and emissions accounting. Program Success and No Program are treated as alternative exogenous technology futures rather than daily operating scenarios.
Technology-development future
Both futures retain the same 21 owned options. Relative to No Program, Program Success reduces median annualized fixed cost by 10.17%, non-energy mileage cost by 17.48%, no-load energy intensity by 4.82%, payload energy intensity by 8.20%, and WTW emissions intensity by 8.23%; median payload increases by 2.52%. 
[image: ]
Figure S2: Cost-emissions Pareto frontiers under the Program Success and No Program 2030 technology futures.
Delayed technology progress shifts the frontier upward and to the right. The No Program no-cap solution costs $2.785 million/yr and emits 1,972 t CO2e/yr, compared with $2.670 million/yr and 1,647 t CO2e/yr under Program Success. The No Program minimum-emissions endpoint costs $3.627 million/yr at 182 t CO2e/yr, compared with $3.266 million/yr at 160 t CO2e/yr. The two middle No Program points retain feasible incumbents at 1.01% and 1.96% gaps after extended bound-focused solves; the other points meet the 1% target.
Technology future and energy prices
Table S7 evaluates the repository low, medium, and high energy-price cases under both technology futures at the fixed 1,275 t CO2e/yr limit. Fleet counts are reported as DICET/BET/HFCET.
	Future
	Price
	Cost (M$/yr)
	Owned
	Fleet D/B/H
	Gap (%)

	Program
	Low
	2.526
	21
	14/3/4
	1.00

	Program
	Med
	2.696
	21
	14/3/4
	0.97

	Program
	High
	2.944
	22
	12/8/2
	1.22

	No program
	Low
	2.757
	22
	14/3/5
	2.01

	No program
	Med
	2.953
	22
	14/3/5
	1.95

	No program
	High
	3.206
	26
	15/11/0
	2.03


Table S7: Technology-future and energy-price sensitivity at 1,275 t CO2e/yr.
Energy-Service Equations
Owned route energy consumption is affine in empty route cycles and realized payload ton-miles:

The no-load term  and payload slope  are computed within retained truck-option groups using range-tier-specific loaded and tare energy-intensity data when available. The fitted slope is the incremental loaded-minus-tare energy per payload ton-mile.
For BETs, pre-window depot charging is limited to 70% of battery storage and does not consume dispatchable operating time:

Daytime depot charging and route-associated megawatt charging are both allowed as recourse modes and consume truck and driver time. For DICET and HFCET options, all refueling needed for the operating day consumes dispatchable truck and driver time. The truck-copy daily energy balance is

Route-associated service is also constrained by onboard route-cycle capability:

No fixed non-energy stop overhead is included because the aggregate trip-count model does not schedule physical stop counts or station locations.
Truck-copy operating time is

The dispatch windows used in the optimization are 10 h for day cabs and 14 h for sleeper trucks. These values are case-study operating assumptions and are not modifications of the underlying TEA data.
[bookmark: emissions-accounting]Emissions Accounting
WTW emissions are computed from realized ton-miles, not from purchased energy. Scenario emissions are

The annual expected emissions cap is
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