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This is the quarterly status report for the 21st Century Locomotive Technology project, DOE  
Award DE-FC04-2002AL68284.  This report covers activities performed January 1 2010 to 
March 31 2010. 
 
Task 5: Demonstrate hybrid locomotive concept with full-
scale storage modules, and fuel optimizer  
Solution of the Hybrid Trip Optimizer (HTO) Problem 
 
In the last quarter of 2009, we formulated mathematically the problem of optimizing overall 
performance of the hybrid locomotive system. 
 
In this quarter, we completed the development of the mathematical formulation for the Hybrid 
Trip Optimizer (HTO) and also coding of the nonlinear large-scale optimization problem which 
results from the mathematical formulation. This allowed us to build an entitlement analysis tool 
which, given the track geometry and the train and locomotive make-up, allows us to predict the 
fuel savings from the hybrid locomotive system with great accuracy. It also allows one to 
compute the sequence of locomotive throttle and brake settings, the charge and discharge 
commands to the batteries, and the corresponding speeds that the locomotive achieves (subject to 
speed limits and track grade and drag parameters). 
 
As mentioned in the last report, the problem of optimizing the train throttle and brake inputs 
without the hybrid battery has already been solved using techniques developed in Task 4 of the 
project, and resulted in a product called “Trip Optimizer” (TO). In this quarter, we extended the 
locomotive propulsion model to include energy storage (i.e., the sodium battery), solved the 
resulting optimal control problem, and obtained excellent results over two tracks in the Powder 
River Basin (for typical coal-haul service trains). On the way, we needed to simplify and 
reformulate the optimal control formulation developed in the last quarter. 
 
The enhanced tool developed during this quarter to simulate the performance of the Hybrid 
Battery system includes a GUI to prepare data for a powerful nonlinear programming (NLP) 
optimization algorithm. Using the GUI, the locomotive consist, the train weight parameters, and 
the route are selected. The optimization uses train physics models, track parameters, speed limits, 
and a propulsion model (including the Hybrid Battery model and the locomotive prime mover) to 
find the optimal driving and hybrid charge-discharge control for the train, such as shown in 
Figure 1. 
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Figure 1: Optimal Control Profiles 

 
Figure 2 shows the optimal system behavior, including the diesel prime mover and battery power 
flows, and the evolution of the battery state of charge.  
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Figure 2: Optimal solution 

 
The optimization algorithms have allowed us to get the first rigorous results on optimized hybrid 
locomotive fuel savings and also to develop an optimization strategy which is similar in nature to 
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(and an extension of) the commercially successful Trip Optimizer product. For example, Figure 
3 shows (as a function of increasing the number of hybrid locomotives in the 3-locomotive 
consist) the fuel savings relative to Trip Optimizer on a coal-haul route. The baseline Trip 
Optimizer fuel savings is the leftmost point on the graph. Our future work will be to better 
understand the fuel savings picture on a variety of tracks with a realistic baseline. Our advanced 
optimization tool positions us ideally for breakthrough results. 
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Hybrid Locomotive Fuel Savings vs Number of Hybrid Locos

 
Figure 3: Fuel Savings on top of Trip Optimizer Baseline 
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