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ZE Freight Railroad Propulsion

Risks, Uncertainties & Variabilities
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Overview

o Discussing future ZE for freight rail-only

o “Silver bullet” (”winner take all”) technology is unlikely (unlike dieselization)

o Multiple ZE technologies likely to be adopted (following semi-ZE transition)
• Battery locos. (BELs) = short-medium hauls (& yards)
• H2 fuel cell locos. (H2FCLs) = longer hauls (& yards)
• Electrification = high-density routes ~9% & ~15% energy of Class 1s

o Grid dependency; rolling stock and infrastructure need attention, analysis

o Economic analyses: ROI; sensitivity risks & uncertainties; practical trade-offs

Grid > Charger                  Grid > Electrolysis > GH2 or LH2 > Tender                                Grid > OCS

Nominal 77 MWh “usable to the 
rails” energy in 5000 USG fuel
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https://www.trains.com/ctr/railroads/railroad-operations/railroad-electrification-proposals/

Previous analyses; current traffic densities 

https://railroads.dot.gov/sites/fra.dot.gov/files/fra_net/14659/The%20Energy%20and%20Environmental%20
Impact%20of%20Railroad%20Electrification%20Aug%201984%20Report%20date%20Sept%201977.pdf

FRA 1984 analysis

2018 density (waybill samples)
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Risk & Uncertainty  
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Historical RR concerns re electrification

1. Does grid have adequate capacity?

2. ROI sensitivities?
a. Cost of elec. locos.
b. Grid access & connections
c. Construction delays
d. Cost/availability of materials

3. $ risks of grid power v diesel fuel?

4. Are electric locos. available/when?

(v H2 & Batteries)

➢ All ZE modes will be grid dependent
(H2, batteries & electrification)

➢ ROI sensitivities: same +1
➢ H2FCL & BEL costs unknown
➢ Grid access & connections
➢ Construction delays
➢ Cost/availability of materials
➢ Different grid-to-rail energy 

efficiencies (input-waste=work)

➢ Cost of grid power & net grid-to-rail 
energy efficiency

➢ U.S. v global sourcing
➢ Electric locos. = existing tech.
➢ H2FCL & BEL = new technologies
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Locos. & Infrastructure:  mature v new; simple v complex

Technology Development Shops “Refueling” Infra. dependencies
(1) (2) (3) (4)

Diesel Mature Existing Existing Minor (flexible refueling)

Battery (BEL) Experimental “ mod. TBDesigned Grid energy; fixed sites

H2 (H2FCL) Experimental New TBDesigned "  "; H2 tenders; "  "

Electrified Mature “ min. N/A "  "; OCS

(1) "Experimental" is years away from fully-vetted and ready for commercialization 
(2) H2FCL will require shops protected against H2 ignition, etc (NFPA, etc)
(3) Charger network for BELs; H2 production network etc plus H2 fuel tenders
(4) High energy density of liquid diesel fuel is "tough to beat"; diesel = "infrastructure by the gallon"
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Grid-to-rail traction* energy efficiencies

o BEL (shorter op. range than H2FCL) est. 82% energy to rails
• Grid-to-BEL, charge/discharge 90%
• Loco. eff. (inverters, TMs, etc) 91%

o H2FCL (longer op. range than BEL) est. 33% energy to rails *
• Grid-into-electrolysis H2 75%
• H2 compression or liquefaction 80%
• FC eff. onboard loco. 60%
• Loco. eff. (inverters, TMs, etc) 91%

o Electric est. 87% energy to rails
• Xformer, power conditioning, etc 96%
• Loco. eff. (inverters, TMs, etc) 91%

* Regenerative Dynamic Braking:   BEL and H2FCL limited by onboard battery capacities;  Electric regeneration ~unlimited with return-to-grid capability

94 MWh > 77 MWh              
but needs 3-4 charging cycles

233 MWh > 77 MWh

88 MWh > 77 MWh
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ZE rail in the UK

https://www.imeche.org/docs/default-source/1-oscar/reports-policy-
statements-and-documents/imeche-hydrogen-

trains.pdf?sfvrsn=44848c12_2
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“Separate fleets” concern
o Diesel-electric now continental, ubiquitous

• Canada-U.S.-Mexico interoperability, common fuel, infra., etc
• A “best case” scenario today (unlikely to repeat without a "silver bullet")
• Dieselization required 20 years R&D + 20 years replacement (1940-60)

o Diesel v Electric fleets (valid, but same issue with H2FCL & BEL fleets)

o Diesel-electric replacement not a trivial task
• ~27,000++ diesel locos. in U.S. + Canada + Mexico
• Transition, best case based on past ~1,800 units/year 
• Assuming no traffic growth = 15 year conversion
• Extensive R&D & field testing must precede commercialization
• Infrastructure for loco. energy, maintenance, etc?
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Trade-offs

o Batteries (BELs)
• Moderately-high grid-to-rails energy efficiency
• Short operating range
• Tethered to large recharging network
• More recharging enroute (high grid demand $s for fast charging)

o Hydrogen (H2FCLs)
• Lowest grid-to-rails energy efficiency
• Longer operating range with H2 tender
• Tethered to H2 production & transfer (refueling) network
• H2 production/storage can be an "energy flywheel"

o Electrification (Electric under OCS)
• Highest grid-to-rails energy efficiency
• Tethered to large OCS ("last mile battery" can power beyond-OCS)
• Greatest ability to regenerate Dynamic Braking energy
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Unconventional alternatives

BEL in-motion recharge from discontinuous OCS

No optimum for variable speed/tonnage/topographies (see 2 routes below)
Same total energy to the rails as Electric but higher demand charges

Dual-Mode (modified) Diesel w/ Power Tender (ZE as OCS is installed/energized)

Accelerated ROI & GHG reductions as OCS is extended

Gap Gap

Tunnel/Bridge            … OCS Gap …

Gap
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Financial lessons learned:  large rail projects in the UK

o Plan work properly

o Avoid optimistic assumptions & underestimated costs

o Institutional knowledge & skills are critical (if unavailable, obtain)

o Standardize for economies of scale (but also …)

o Optimize for reasonable cost reductions 

o Rapid start-ups & super-accelerated programs are most risky
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