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I. Introduction 
As the U.S. Environmental Protection Agency (EPA) Office of Transportation and Air Quality (OTAQ) 
develops its programs to control greenhouse gas (GHG) emissions from light-duty highway vehicles, 
there is a need to evaluate the effectiveness of technologies likely to be used to meet these 
standards. EPA has further developed the Advanced Light-Duty Powertrain and Hybrid Analysis 
(ALPHA) vehicle simulation model to perform simulations for electrified vehicles. The Electrified 
Vehicle Simulations module of the EPA ALPHA model uses the industry standard MathWorks 
software products, MATLAB and Simulink (version 2020a). The entire model and all subsystems are 
unlocked for complete transparency.  A comprehensive peer review of the new ALPHA simulation 
capabilities of electrified vehicles is imperative to assess the technical approach and accuracy of 
the ALPHA model as EPA’s regulatory data analysis tool by the regulated light-duty automotive 
vehicle community. 

EPA’s guidelines specify that all highly significant scientific and technical work products shall 
undergo independent peer review according to specific agency protocols. This process is designed 
to ensure the use of the highest quality science in its predictive assessments and to assure 
stakeholders that each analysis/study has been conducted in a rigorous, appropriate, and defensible 
way. Therefore, EPA submitted the model for external peer review to assess whether the model has 
been developed in a rigorous, appropriate, and defensible way.  

The peer review was conducted from June to November 2022 in accordance with the current 
version of EPA’s Peer Review Handbook.1  At the conclusion of the review process, ICF collected all 
unedited peer reviewers’ comments and provided them to EPA. This technical report contains a 
summary of the reviewers’ comments to EPA’s charge questions, along with the unedited answers 
presented by each peer reviewer. The document also describes how peer reviewers were selected, 
the process that ICF took to administer the peer review, and how the peer review was concluded. 
Supporting documentation collected from the reviewers, including their curriculum vitae (CV) and 
conflict of interest (COI) statements, is also provided.  

The following materials are included in this technical report: 
• Description of the Peer Review Process (Section II) 
• Reviewer Responses to Charge Questions (Section III) 
• EPA’s Responses to Peer Reviewer Comments (Section IV) 
• Unedited Comments by Reviewers (Appendix A) 
• Reviewer Supporting Documentation (Appendix B and Appendix C) 
• Notes from mid-review teleconference (Appendix D) 

 

1 U.S. Environmental Protection Agency, Peer Review Handbook, 4th Edition, October 2015. Prepared for the U.S. 
EPA by Members of the Peer Review Advisory Group, for EPA’s Science Policy Council, EPA/100/B-15/001. 
Available at http://www.epa.gov/osa/peer-review-handbook-4th-edition-2015-0, including OMB’s Information 
Quality Bulletin for Peer Review (Handbook, Appendix B) provisions for the conduct of peer reviews across 
federal agencies. 

http://www.epa.gov/osa/peer-review-handbook-4th-edition-2015-0
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• Peer Reviewer Selection Memo (Appendix E) 

II. Peer Review Process 
ICF conducted the peer review in three stages. First, ICF identified a qualified set of reviewers; 
second, ICF contracted with the selected peer reviewers and conducted the review; then, ICF 
collected reviewers’ feedback on the model. Finally, ICF documented the peer review process, as well 
as the comments and feedback from the peer reviewers in a technical memo that was submitted to 
EPA. Ultimately, EPA will convey results of the peer review process to the developers of the ALPHA 
model, who will respond to the comments received. The following sections provide details on these 
steps.  

Selecting Reviewers 
To assemble the panel of three independent peer reviewers, ICF reviewed a pool of subject matter 
experts both suggested by EPA OTAQ and identified by ICF through independent research. ICF first 
assessed the experts’ availability to perform the peer review within the timeline agreed upon with 
the EPA Task Order Contracting Officer Representatives (TO COR). After that, ICF reviewed 
curriculum vitae and other relevant work to select peer reviewers that represent a combined 
expertise that cover, at a minimum: understanding of vehicle technology packages including battery 
technology, hybrid and electric powertrains, e-motors, transmission systems (e.g., shift strategy), 
and vehicle accessories as well as engine fuel consumption map, and vehicle behavior. 

The initial list of peer reviewers was based on both EPA’s initial recommendations and ICF’s 
suggestions for additional potential reviewers. Twelve candidates (five recommended by EPA and 
seven identified by ICF) were considered. ICF also prioritized peer reviewers based on the relevance 
of their background and experience with the topic of the report. Through an initial contact with the 
selected peer reviewers, ICF assessed each potential reviewer’s ability to perform the work during 
the period of performance and to identify any association they have with the work that would 
preclude them from being objective. ICF contacted and communicated with all candidates by e-mail.  

In our outreach we identified ourselves as independent contract employees and provided initial 
information on the ALPHA model, including the newly added electric vehicle model and the expected 
time commitment to exercising the model. We asked the potential reviewers to assess their 
availability for this study and for their hourly rate. We also collected a curriculum vitae for each peer 
reviewer that expressed availability and interest in participating. 

Upon completion of the initial contact, the top three peer reviewers selected for this project agreed 
to participate in this peer review process. The rest of the peer reviewer candidates were either not 
available, not interested (e.g., retired), or had concerns with the limited time allocated for the review 
(i.e., 20 hours). The resumes for the three selected candidates were collected and shared with U.S. 
EPA TO COR. Upon approval from EPA TO COR, ICF initiated the subcontracting process with the 
selected peer reviewers.  
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The three selected peer reviewers (including the ICCT team) provide a diverse combination of 
expertise in evaluating the ALPHA model. Sujit Das, with 37 years of experience in energy efficiency 
research, has served as the peer reviewer of the ALPHA model back in 2016, and has published 
articles related to powertrain design for advanced fuel vehicle technologies. Shawn Midlam-Mohler is 
a Professor of Mechanical Engineering at Ohio State University, with expertise in engine selection, 
modeling, and control development for an extended range electric vehicles as well as vehicle 
simulations and powertrain optimization. Oscar Delgado and ICCT team also bring in years of 
experience in modeling advanced technologies and developing tools to support global commercial 
fleets in their transition to zero-emission vehicles. 

 

** Note that while Oscar Delgado will be our point-of-contact, ICCT has decided to review the model as a team (Oscar 
Delgado, John German, Hussein Basma). 
 

1) Sujit Das 
Strategic Analysis, Inc. 
300 Harp Street 
Alpharetta, GA 30009, USA 
sujit_das2021@outlook.com  

2) Shawn Midlam-Mohler 
ModelTek, LLC 
PO BOX 3590 
Columbus OH 43210 
dr.smm.llc@gmail.com  

3) Oscar Delgado, Ph.D. 
John German 
Hussein Basma, Ph.D. 
The International Council on Clean Transportation 
1500 K St NW Suite 650, Washington DC 20005 

             Oscar@theicct.org  

ICF anticipated that this selected group of reviewers would provide extensive and complementary 
expertise to conduct the peer review. ICF provided an overview of the final list of reviewers in the 
July 1, 2022, Peer Review Selection Memo to EPA.2 

Administering the Review and Receiving Comments 
In conducting the peer review, ICF composed and delivered a charge letter to the three selected 
peer reviewers along with the model codes and documentation, and a conflict of interest (COI) form 

 

2 Peer Review Selection Memo for Task Order 68HERC22R0170 for Peer Review of Electrified Vehicle Simulations 
within EPA’s ALPHA Model, to Jeff Cherry, US EPA OTAQ, from: Sam Pournazeri, ICF.  

mailto:sujit_das2021@outlook.com
mailto:dr.smm.llc@gmail.com
mailto:Oscar@theicct.org
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for peer reviewers to fill out and return to ICF along with their comments. The charge letter included 
EPA’s charge questions to the reviewers, instructions on how to complete the review, and a timeline 
of when comments were due to ICF. ICF sent these materials to each individual reviewer on 
September 29, 2022. The charge questions submitted to each peer reviewer were as follows: 

1) Does EPA’s overall approach to the stated purpose of the model (demonstrate technology 
effectiveness for various fuel economy improvement technologies) and attributes embody that 
purpose? 

2) What is the appropriateness and completeness of the overall model structure and its 
components, such as: 

i. The breadth of component models/technologies compared to the current/future light-duty 
fleet 

ii. The performance of each component model, including the reviewer’s assessment of the 
underlying equations and/or physical principles coded into that component. 

iii. The input and output structures and how they interface with the model to obtain the 
expected result, i.e., fuel/energy consumption and CO2 over the given driving cycles. 

iv. The use of default or dynamically generated values to create reasonable models from limited 
data sets. 

3) Does the ALPHA model use good engineering judgement to ensure robust and expeditious 
program execution? 

4) Does the ALPHA model generate clear, complete, and accurate output/results (CO2 emissions 
or fuel efficiency output file)? 

5) Do you have any recommendations for specific improvements to the functioning or the quality 
of the outputs of the model? 

ICF then arranged and hosted a teleconference on October 6, 2022, with the selected peer reviewers 
and EPA. The goal of the meeting was to introduce the peer reviewers to the EPA staff and address 
early questions or concerns. The meeting included an overview of the review process, background 
information on the model, and a discussion on technical and practical aspects. ICF’s notes from this 
meeting are included in the kick-off meeting notes that ICF shared with EPA TO COR on October 6, 
2022 (Appendix D). 

ICF requested that the peer reviewers provide responses to the charge questions and complete COI 
form within two weeks, however ICCT as well as Dr. Shawn Midlam-Mohler requested an extension of 
the deadline by one week, respectively. All peer reviewer comments and completed COI forms were 
received by October 31, 2022. ICF organized all comments into tables so that the individual 
comments could be easily grouped and compared for review purposes.  

III. Summary of Peer Reviewer and EPA Comments 
Section III presents an overview of the peer reviewers’ comments received on the five charge 
questions, as well as a summary of EPA’s responses. This overview is followed by Section IV, which 
provides EPA’s detailed responses to the direct, unedited peer reviewer responses to each of the 
charge questions. In Appendix A, the unedited responses by reviewer appear in a table format. In 
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those tables, the left column lists the EPA’s charge question, and the right column provides the 
reviewer’s comments.  

Comment Overview and Summary 
The following section summarizes the peer reviewers’ comments to the charge questions. The 
questions have been abbreviated for easier presentation. These summaries do not rewrite the 
responses or supersede the unedited comments presented in Section IV.  

All three reviewers provided additional comments beyond those requested by the five prescribed 
charge questions. Those are not summarized here but are presented in their entirety in Section IV.   

  

The reviewers found that EPA’s overall approach to the stated purpose of the model and attributes 
embody the goals as outlined. Sujit Das added that considering that ALPHA model was primarily 
developed to assess the GHG emissions of internal combustion engines (ICE) light-duty vehicles, it 
may not be well suited to evaluate alternative pure EV technologies. Shawn Midlam-Mohler raised 
that ALPHA in its current state does not offer any novel features compared to the current tool 
portfolio in the public domain. If one goal for ALPHA model is to be widely accepted to quantify 
technology effectiveness and CO2 emissions of electric vehicle technologies, Shawn warns that 
there may not be enough distinct features for ALPHA to be preferred over other models of its class. 
ICCT suggests that ALPHA developers provide greater clarification on powertrain components’ 
characteristics and what electric motor-generator technologies they are based on. Users may be 
interested in the assessment of other electric motor-generator technologies that scale differently 
based on vehicle type. ICCT also raised a question on the exclusion of the fuel-cell powertrains from 
the model.         

EPA Summary Response: EPA supports the reviewers’ finding that our overall approach to the 
stated purpose of the model and attributes embodies the goals as outlined. We also agree with Sujit 
Das that the earlier versions of ALPHA were focused on CO2 production; however, implementing a 
pure EV model (which uses the same non-powertrain sub-models within ALPHA) was a relatively 
minor expansion of ALPHA’s capabilities for version 3.0.  In reference to Shawn’s concern about the 
lack of distinct features, ALPHA is explicitly not intended to compete with commercial vehicle 
simulation products or supplant manufacturers’ own modeling packages, and thus its user interface 
features should not be expected to be at the same level as commercial simulation tools. EPA’s goal 
of the public release of ALPHA is to provide sufficient documentation and transparency to allow 
thorough review by stakeholders of EPA rulemakings. EPA also agrees that providing greater 
clarification on powertrain components would be useful to stakeholders. EPA is in the process of 
documenting the electric component data used in ALPHA modeling and will be publishing the 
information on a new EPA web page dedicated to electric components. 

Question 1: Does EPA’s overall approach to the stated purpose of the model (demonstrate 
technology effectiveness for various fuel economy improvement technologies) and 
attributes embody that purpose?  
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Regarding clarification of powertrain characteristics, peer reviewers were provided four electric 
motor maps with detail specifications, one for use in each model (i.e., one for the BEV, one for the 
PowerSplit strong hybrid, one for the P2 strong hybrid, and one for the P0 mild hybrid). Any of these 
component maps can be scaled and ALPHA is also capable of accepting other motor maps as input. 
Finally, the exclusion of fuel cells is not unique. The electrified configurations currently populated 
within ALPHA – BEVs, PowerSplits, P2s and P0s – represent the most popular high-volume electrified 
configurations.  Based on its analysis, EPA concluded that other currently lower volume 
configurations, such as series parallel hybrids, P1 mild hybrids, and fuel cell electric vehicles, were 
likely to remain lower volume and not significantly affect  EPA’s  characterization of the overall future 
fleet  

 

The reviewers agreed that the ALPHA model’s structure and its components are sufficiently 
appropriate and complete to achieve the stated purpose. However, each expressed that there is 
room for improvement across the breadth of model components, model performance, input and 
output structures, and use of limited data sets. 

Sujit Das qualifies that ALPHA model’s parameter files at the five major EV component levels are 
accessible, provided that users are moderately experienced with MathWorks software. Although the 
model as provided was unlocked for complete transparency, Sujit recommends that a separate 
document with equations and their descriptions would be invaluable to users regardless of 
MATLAB/Simulink aptitude. An explicit list of equations would enable a higher level of input data 
validation. 

Shawn Midlam-Mohler and ICCT both agreed after an extensive look at control algorithms for the BEV 
and PHEV platforms that there is room for improvement.  Shawn expressed concern with ALPHA's 
use of relatively simple rule-based control code and with the presence of some developmental 
comments in the control code provided to the peer reviewers. Another weakness of the current 
control algorithm is the relationship it has to the model’s seemingly calibration-based data, which 
makes it difficult to discern how well components of controls can be scaled to create other 
reasonable models. 

  ICCT concluded the different technology and modeling choices are all reasonable, and special 
attention was given to the hybrid powertrain controllers. However, ICCT questioned whether the 
current control strategy for the P2-PHEV platform is representative.  ICCT offered credit to the rule-
based control strategy’s ability to be computationally efficient but countered that there are other 
alternative control strategies that can better reduce total fuel and energy consumption. ICCT also 
posed that although constant-power auxiliary modeling, as provided, is complete and appropriate, 
there are recent developments in the literature that can inform ALPHA developers of how to 
incorporate dynamic auxiliary operation and impacts.   

Question 2: What is the appropriateness and completeness of the overall model structure 
and its components? 
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EPA Summary Response: EPA agrees with the reviewers that the ALPHA model’s structure and its 
components are sufficiently appropriate and complete to achieve the stated purpose, and 
improvements could be made to the ALPHA package. As suggested by Sujit Das, EPA will work to 
incorporate a description of the underlying equations and/or physical principles coded into 
components.  

EPA agrees with Shawn Midlam-Mohler that ALPHA’s control code is rule-based (focused on rules 
observed in testing of production hybrid and battery electric vehicles) but does not view this as a 
concern or deficiency.   EPA models representative production (or production-ready) components 
and control strategies that can, on average, be used to simulate the performance of the current fleet 
to provide reasonable CO2 and energy consumption estimates for technologies and strategies 
manufacturers might choose to employ in future fleets.  This approach grounds our vehicle models in 
the actual control calibration and performance of production vehicles and avoids overlooking any 
design constraints present in a vehicle manufacturer implementation of new or existing technology.  

In addition, EPA agrees with Shawn that any unused experimental code should be cleaned up.  EPA 
plans to add more appropriate comments to the code but leave the commented-out code itself in 
place as a basis for potential future development.   

ICCT commented the different technology and modeling choices are all reasonable.  There was 
concern with the representativeness of ALPHA’s P2-PHEV strategy related to the modeled control 
strategy. EPA constructed the P2 model based on the operation of a popular and well-performing 
vehicle in the fleet (in this case a Hyundai Sonata). The engine control strategy in ALPHA 
demonstrates a good match with test data from the vehicle operating on the regulatory cycles. 
Although other more optimal control strategies may become available in the future, for the purposes 
of the current rulemaking, EPA incorporated vehicle components and control strategies that already 
exist within the current fleet and are representative of the performance of a broad range of vehicles.  

 

The three reviewers expressed that although the general approach ALPHA model takes is sound and 
comprehensive, that some of the techniques and priorities of the model could be shifted to provide 
greater functionality without much compromise. Sujit Das shared that in one instance, he 
experienced a model run-time exceeding 10 minutes, without indication of progress through the 
duration of the run.  

Although Shawn found that ALPHA model as-is delivers fast program execution, he countered this 
goal with a suggestion for developers to implement more complex control algorithms to potentially 
increase model run-time. Rather than prioritizing time-savings during model execution, Shawn 
proposes that ALPHA model with more complex control algorithms achieves parity with current run-
times since users will spend less time calibrating and validating data overall.  

  ICCT initially stated they could not determine if the ALPHA model uses good engineering judgement 
without a thorough comparison between simulation results and real-world testing data at the 

Question 3: Does the ALPHA model use good engineering judgement to ensure robust and 
expeditious program execution? 
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component and vehicle level. After discussing their comment with EPA, ICCT concluded the general 
approach of using real-world testing data in the model validation process was reasonable and the 
modeling run demos provided by EPA demonstrate good agreement between simulation results and 
real-world data, but a more robust assessment was beyond the scope of their peer review. 

EPA Summary Response: EPA agrees with reviewers that the general approach ALPHA model takes 
is sound. The runtime experienced by Sujit Das was primarily due to the setup of the demo cases 
sent to the reviewer, which logged every signal and recompiled between runs. In larger batch 
simulations, runtimes are generally quite short for each simulation. The more complex algorithms 
proposed by Shawn Midlam-Mohler might be valuable to some users, but EPA does not have the 
need to implement these types of algorithms in support of current regulatory work. The current 
algorithms are relatively simple in part due to the purposeful replication of the narrow vehicle 
operating conditions occuring during hot start EPA regulatory cycles (e.g., room temperature, no 
HVAC, warmed up operation, etc.). EPA agrees with ICCT that a robust, deep-dive assessment of 
model fidelity through the comparison of simulation results and real-world testing data is a time-
consuming task, and notes that each sub-model within ALPHA was thoroughly validated against 
component and system data collected from vehicle dynamometer testing by EPA’s laboratory and 
by others.  

 
The three reviewers found that the output results and output files are labeled appropriately and are 
relatively complete. Shawn Midlam-Mohler noted that “results” are generated across log files, 
console output, and figures, which should provide users with a good amount of summary and 
detailed results. However, Shawn and ICCT note a few user-friendly changes that ALPHA model 
developers should consider making or need to make. For example, some of the plots automatically 
generated are missing axes labels, making what is to be interpreted unclear. Other user quality of life 
enhancements could organize console output as .csv files so that users do not have to copy, paste, 
and reformat data for their specific purpose. ICCT suggests that certain data, such as energy 
consumption metrics, should be disaggregated by component so as for ALPHA model to provide 
more clear and complete evaluations.  

EPA Summary Response: EPA agrees with reviewers that output results and output files are labeled 
appropriately and are relatively complete. EPA also agrees that some figure axes were not properly 
labeled  and will update the scripts in ALPHA to ensure axes contain units. For the console output, 
the data are primarily intended to be used for diagnostics and are formatted for that purpose. While 
console values were not included in the peer review output files, they are accessible in the 
workspace and thus could manually be added to the CSV result files if desired.  

The accessory energy consumption referred to by ICCT can be defined by the user either for each 
component individually or as aggregated energy consumption of all accessories. For the peer review, 
the aggregated energy consumption was defined as a single generic loss, whose value is derived 

Question 4: Does the ALPHA model generate clear, complete, and accurate output/results 
(CO2 emissions, or fuel efficiency output file)? 
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from chassis dynamometer test data. Users may instead choose to define losses disaggregated by 
component.  

 

All reviewers fall in alignment with ICCT’s specific recommendations. For example, reviewers 
expressed that better model documentation, particularly regarding equations and modeling 
assumptions, be made available in the next iteration of ALPHA model. In the additional comment 
section, Shawn mentioned that the model documentation was very much focused on the 
programming structure of the model and not much on the actual modeling approach. He noted that 
for others to adopt the methodology developed by EPA, these details need to be readily available to 
the users.  

The ICCT reviewers also found through their experience with ALPHA model that one “master” input 
file would expediate initial model parameterization. Additionally, reviewers expressed some concern 
or curiosity regarding the core data used to develop the vehicle models. Some aspects of the ALPHA 
model, such as its robustness or fidelity to alternative vehicles and emissions, will gain greater 
approval and acceptance when the underlying data are made available for users to understand the 
breadth of validation against real-world data. 

EPA Summary Response: EPA agrees with reviewers that additional documentation would be useful 
to include in the next iteration of ALPHA, especially on the modeling approach, and will work to do so. 
Some additional model details have been included in previous EPA publications, which were not 
included with the ALPHA documentation, but will be integrated into the ALPHA manual to be readily 
available for future users.  

Referring to ICCT’s comments, EPA notes that ALPHA includes a batch processing script where all 
inputs can be listed and multiple simulations can be performed, thereby expediating initial model 
parameterization. EPA also agrees with the reviewers that explaining core data collection and its 
relevance is essential for a robust, transparent modelling process. EPA is in the process of 
documenting the electric component data used in ALPHA modeling and will be publishing the 
information on a new EPA web page dedicated to electric components.  

 

IV. U.S. EPA’s Responses 
 

ICF forwarded all peer reviewers’ comments as a draft report package to EPA for their review. Upon 
reviewing the comment, EPA provided detailed responses to peer reviewers’ comments that are 
listed in this section of the report. The remainder of the document contains responses from ALPHA 
Model development team. EPA organized responses to the peer reviewer comments grouped by 
charge letter questions, addressing each reviewer’s comments. 

Question 5: Do you have any recommendations for specific improvements to the functioning 
or the quality of the outputs of the model? 
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Summary Observations By EPA 
EPA’s responses included additional information regarding a) the purpose of ALPHA, b) the reasoning 
behind releasing ALPHA and its associated documentation to the public, and c) the goal for this 
ALPHA peer review. The intent of the additional information is to provide further clarifications and 
helpful context for EPA’s responses to specific peer review comments associated with public use of 
the simulation tools, supporting documentation for ALPHA model structure and execution, and the 
user-friendliness of the tool. 

ALPHA’s Purpose 
EPA uses ALPHA for regulatory purposes to simulate the CO2 emissions and energy usage of vehicles 
in the current fleet and potential future fleets. EPA recognizes there are a wide variety of vehicle 
components and control strategies within the fleet, both in conventional and electrified vehicles. 
Rather than precisely simulate all aspects of every vehicle, ALPHA uses a limited library of vehicle 
components and control strategies to reasonably represent performance across the fleet. This 
approach endeavors to strike a balance between two separate goals – to precisely simulate the 
performance of every vehicle while also having an easily adaptable model capable of delivering 
acceptable vehicle simulation results across a vast variety of known current, and unknown future, 
vehicle fleets.   

To meet the simulation needs for EPA’s regulation development, ALPHA was designed with a fit-for-
purpose approach that does not require precise implementation of all control strategies for each 
current and future vehicle variation. Rather, EPA selects representative production (or production- 
ready) components and control strategies that can, on average, be used to simulate the 
performance of the current fleet to provide reasonable CO2 and energy consumption estimates of 
the technologies and strategies manufacturers might choose to employ in a future fleet.  This 
approach grounds our vehicle models in the actual control calibration and performance of 
production vehicles and avoids overlooking any design constraints present in a vehicle 
manufacturer’s implementation of new or existing technology.  This approach to fleet simulation is 
very similar to the approach EPA has taken in the past to model conventional vehicles for the current 
fleet3 and the future fleet4. 

Although ALPHA can easily incorporate a wide variety of component maps, to simplify the peer 
review process only one version of each type of component was supplied to the peer reviewers. 
Likewise, each model included in this peer review contained a typical control strategy and a single 
calibration. These can be altered by the user; however, the strategy and calibrations provided in the 
peer review models reflect those used in the operation of well-performing vehicles that are 

 

3 Kevin Bolon, Andrew Moskalik, Kevin Newman, Aaron Hula, Anthony Neam, and Brandon Mikkelsen, "Characterization of GHG 
Reduction Technologies in the Existing Fleet," SAE Technical Paper 2018-01-1268, 2018 
 
4 Andrew Moskalik, Kevin Bolon, Kevin Newman, and Jeff Cherry, “Representing GHG Reduction Technologies in the Future Fleet 
with Full Vehicle Simulation,” SAE International Journal of Fuels and Lubricants, 11(4):469-482, 2018) 



Peer Review of Electrified Vehicle Simulations within EPA’s ALPHA Model - Final Report December 2022 

11 | P a g e  

 

representative of their type of configuration (P0 mild hybrid, P2 or PowerSplit strong hybrid, or 
battery electric vehicle). 

Reason for ALPHA and Associated Documentation Release to the Public  
Although ALPHA is primarily used by in-house EPA experts in support of regulatory development 
programs, it is publicly released in conjunction with proposed rulemakings to increase transparency.  
ALPHA is not intended to be used as a general-purpose vehicle simulation model when versions are 
released to the public. Instead, ALPHA intentionally incorporates only features needed to estimate 
CO2 emissions and energy consumption over the US EPA regulatory drive cycles under laboratory 
conditions as specified under the proposed rulemaking.  EPA does not require, for example, the 
additional fidelity or flexibility to estimate real world in-use emissions. 

The goal in posting versions of ALPHA on the EPA website is to provide sufficient documentation to 
allow transparent review by stakeholders of our rulemakings.  ALPHA’s documentation and user 
interface are intended to allow the public to observe and review the simulation inputs, modeling 
assumptions & behavior, and simulation outputs as a mean of understanding how the ALPHA 
simulations were conducted in support of EPA’s regulatory programs. ALPHA is not intended to 
produce wide-ranging, detailed vehicle simulations like those generated by commercial simulation 
tools (such as Autonomie, GT-Drive and AVL Cruise). For this reason, overall documentation, user 
interface features, and user support for the ALPHA tool should not be expected to be at the same 
level as commercial simulation tools. 

Likewise, the ALPHA interface and documentation are not created for the novice user and do require 
some expertise in both vehicle modeling and MatLab usage. The ALPHA documentation and user 
interface provided should allow experts in the automotive community to re-create provided 
simulations using their own in-house simulation tool, a commercially available tool, or even ALPHA.  
The model itself is fairly straightforward and the MatLab data Classes provide formatted 
documentation for most critical components. 

The Goal of ALPHA Peer Review 

The goal for this ALPHA peer review is to examine the structure, operation, and simulation results 
used by EPA to determine the effectiveness of various technologies via simulation.  The examination 
of this peer review is centered on ALPHA’s recently added electrified vehicle models: 

• Battery electric vehicle (BEV) model 

• PowerSplit hybrid vehicle model  

• P2 hybrid vehicle model 

• P0 hybrid vehicle model 

In its performance work statement to peer-reviewers, EPA requested “the reviewer’s opinion of the 
concepts and methodologies upon which the model relies and whether or not the model can be 
expected to execute these algorithms correctly”.  The documentation and user interface provided 
for the peer review (and planned as part of the ALPHA release in conjunction with our current 
rulemaking) were primarily intended to allow observation and review of the structure, operation, and 
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simulation results of the supplied electrified models.  Although the documentation and user interface 
provided was not intended to be the focus of the peer review, EPA welcomes comments on these 
aspects to help guide future development of ALPHA. 

Responses to Peer Reviewer’s Comments by Charge Question 
In this section, comments from the peer reviewers are grouped by charge letter topic. EPA’s 
responses to each reviewer’s comments by charge letter topic are shown below. 

 
Peer Reviewer: Sujit Das 

A. Four major types of electrified vehicles have been considered in ALPHA and it is appropriate 
that the ALPHA simulations of two most important vehicle types (i.e., BEV and PowerSplit 
HEV) in the near-term have been selected for the peer review. Of the electrified vehicles, U.S. 
DOE/EIA projects new BEV sales increase faster than any other type of battery-powered 
vehicles, both electric hybrid and 300-mille electric vehicles reaching at ~1.2 million/year and 
both BEVs and PHEVs combined would account for 13% of total LDV sales in 2050, according 
to the AEO2022 reference case. 
 
EPA Response: Thank you for the comment; EPA agrees with the reviewer’s assessment of 
the two most important vehicle types. 

B. As ALPHA model has been primarily created to evaluate the GHG emissions of ICE Light-Duty 
vehicles, it is less appropriate to evaluate alternative pure EV technologies. It is also to 
include other specific electric vehicle types, i.e., sedan, SUV, CUV, and pickup in the future 
model updates. 

EPA Response: ALPHA was primarily created to simulate vehicle behavior on regulatory 
dynamometer cycles. Although the first iterations of ALPHA were focused on CO2 production, 
implementing a BEV model, and tracking electrical energy usage was deemed to be a minor 
expansion of ALPHA’s capabilities.  In fact, the non-powertrain sub-models within ALPHA are 
used to simulate both conventional and electrified vehicles. 
 
Additionally, the vehicle package included in the ALPHA model sent to peer reviewers included a 
set of vehicle parameters which reflected a specific generic vehicle. These parameters can be 
altered to model any other vehicle; thus, the capability to simulate the behavior other specific 
electric vehicle types, such as sedans, SUVs, CUVs, or pickups, is a capability that already exists 
within the ALPHA model. 

  

Question 1: Does EPA’s overall approach to the stated purpose of the model (demonstrate 
technology effectiveness for various fuel economy improvement technologies) and 
attributes embody that purpose?  
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Peer Reviewer: Shawn Midland-Mohler 

A. The scope of the review is focused mainly on the BEV model and the PowerSplit HEV model 
with a secondary focus on the Strong P2 HEV and the Mild P0 HEV model.  In all of these 
cases, the modeling approach is able to meet the goal of modeling energy consumption.  I 
have concerns about the current state of the model with some concerns about how the 
control algorithms are implemented. 

A main concern is regarding the likely adoption of this model or the utility for the intended 
purpose given the observation that:  a) this class of model is already in the market; and b) 
the vehicles that this model focuses on (BEV, PowerSplit HEV, etc.) are available from many 
OEMs and, thus, there performance across many different vehicle classes is well-understood.   

The modeling approach used is typical to that used in industry and academia, thus, it is 
appropriate.  However, the approach also does not lend itself to easy adoption outside of 
expert users.  In general, people with sufficient expertise to modify this type of model and 
yield reasonable results likely already have existing models available to them.  One of the 
stated goals is that ALPHA will gain wide acceptance in the light-duty vehicle automotive 
community, and I do not feel that is likely to occur in the current implementation. 

EPA Response: The intended purpose of ALPHA is to support EPA’s regulatory actions in a 
robust and transparent way. ALPHA is explicitly not intended to compete with commercial 
vehicle simulation products or supplant manufacturer’s own modeling packages. The goal of 
the public release of ALPHA is to provide sufficient documentation to allow transparent 
review by stakeholders of the rulemaking.  ALPHA’s documentation and user interface are 
intended to allow the public to observe and review the simulation inputs, modeling 
assumptions & behavior, and simulation outputs as a means of understanding how the 
ALPHA simulations were conducted in support of EPA’s regulatory programs. For this reason, 
the overall documentation and user support for ALPHA should not be expected to be at the 
same level as commercial simulation tools (such as Autonomie, GT-Drive and AVL Cruise). 

B. The model approach is very similar to that used in Autonomie which has the benefit of many 
years of development.  A main feature in Autonomie that distinguishes it from ALPHA is the 
availability of a GUI for model creation, modification, and data analysis for users to exercises 
models.  The ability to scale component models via a GUI, queue up different drive cycles, 
adjust control parameters, etc. seem to make it better suited for the intended purpose.  
Autonomie also has a more robust library of component options as well as more robust 
control algorithms. 

Because of the availability of tools like Autonomie, in-house tools, commercial tools like AVL 
Cruise, and even example models provided within MATLAB, it is unclear how ALPHA in its 
current form will meet the objectives.  To be very clear, the technical approach of ALPHA 
seems to be sound.  My concerns are that it is not providing a solution that is not already in 
the market with more established products. 

EPA Response: EPA agrees the modeling approach is very similar to that found in Autonomie 
and appreciates the reviewer for recognizing the technical approach taken with ALPHA is 
sound. The intended purpose of ALPHA is to support EPA’s regulatory actions in a robust and 
transparent way and explicitly not compete with available commercial products. We 
recognize that Autonomie, AVL Cruise, and other packages, as commercial tools, may have a 
more user-friendly interface and a larger library of components and algorithms. 
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C. Furthermore, the marketplace now has a wide variety of electrified vehicles available and 
there is data associated with these vehicles in the public domain.  Organizations have access 
to this data from their own vehicles as well as competitor assessments.  From a planning 
perspective, it is not clear what a model like this is able to provide.  In the area of BEVs, the 
increasing offering from many OEMs gives us the ability to reliably estimate things like range 
and energy consumption based on actual vehicle data.   

EPA Response: ALPHA is used to support regulation development, which requires 
projections of CO2 emissions and energy usage in future years as the US vehicle market 
adapts to consumer demand and regulatory requirements. The simulation models in ALPHA 
were developed using actual electrified vehicle data and performance. ALPHA can then be 
applied to simulate vehicle configurations anticipated in future fleets but not necessarily 
currently available.  Because the model inputs, vehicle parameters, and outputs are 
transparently provided in support of EPA’s rulemaking, any of the commercial tools (or a 
stakeholder’s own in-house tool) can be used to re-create the simulations provided to the 
public. 

D. The core energy consumption of the energy storage system and traction motors which 
ALPHA focuses on is quite well understood and apparent from test data that is in the public 
domain via certification requirements.  Aspects like HVAC load, battery cooling during fast 
charging, etc. which are areas which are more challenging which can significantly impact real-
world energy usage and range are not well modeled in ALPHA or most models.   

EPA Response: EPA agrees these effects could be modeled better in ALPHA and most other 
models. However, the focus of ALPHA is on vehicle performance over room-temperature 
regulatory cycles, where the effects from the aspects highlighted by the reviewer above are 
not a factor. We believe that possibly incorporating these effects into future versions of 
ALPHA may be appropriate, to the extent that actual on-road emissions and/or energy 
consumption becomes important to directly quantify in any future rulemaking program. 

E. None of the above should be taken as a comment on the modeling approach or skills of the 
developers.  The approach seems to be typical of the class of models that others have 
deployed for this purpose.  The main concern is if ALPHA will serve the intended purpose in 
terms of being impactful in the technical community.  Given the availability of public domain 
data on these vehicles, the availability of internal data on their own vehicles to OEMs, the 
availability of competitor assessments, and the availability of other simulation products 
capable of the same type of analysis it is not clear how widely this tool will be used. 

EPA Response: EPA does not expect ALPHA to be used widely in place of other commercial 
simulation packages or manufacturer’s internal tools. Rather, we hope the impact is through 
the acceptance of ALPHA’s simulation inputs, modeling assumptions & behavior, and 
simulation outputs in support of EPA’s the regulatory analysis.  The goal is to provide enough 
information that allows direct comparison of ALPHA simulation results to similar simulations 
or estimates completed by any stakeholder’s internal analysis. 

Peer Reviewer: ICCT 

A. The proposed model looks comprehensive and of high fidelity enough to serve its purpose of 
quantifying the fuel economy, energy efficiency, and CO2 emissions of different powertrain 
typologies under a variety of operating conditions for several technology choices. 

EPA Response: Thank you for the comment; EPA agrees. 
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B. The main issue that needs clarification at this stage is the powertrain components’ sizing and 
scaling approach. The process seems to be technology agnostic. For example, in the case of 
electric motor-generator scaling, the model appears to rely on one electric motor data-
driven model reflecting a specific motor technology. We are not sure if this is only the case 
for the shared demo version of the tool and if the complete ALPHA model already includes 
several components’ technologies. If that is the case, please disregard this comment. 

EPA Response: Thank you for your comment.  EPA agrees ALPHA’s sizing and scaling 
approach deserves clarification and will provide more explanation of our sizing and scaling 
methodology as part of the Regulatory Impact Analysis for our current rulemaking.  The 
version of ALPHA provided to the peer reviewers included four electric motor maps, one for 
use in each model (i.e., one for the BEV, one for the PowerSplit, one for the P2, and one for the 
P0). Any of these component maps can be scaled to model a component of different power. 
We believe these component maps are reasonably representative of the motors used in 
industry; however, ALPHA is also fully capable of accepting other motor maps as input. EPA 
has used alternate component maps to simulate specific vehicles, some of which contain CBI 
and cannot be publicly released. We did utilize these alternate component maps to confirm 
our conclusion these four electric motor maps are reasonably representative of the motors 
used in the industry. 

C. While the model is clear regarding technology choices focusing on hybrid-electric and pure- 
electric powertrains, it remains unclear why fuel-cell powertrains are excluded from the 
model. 

EPA Response: When choosing which electrified configurations to include in ALPHA, EPA 
surveyed which configurations existed in the current fleet. The most popular high-volume 
configurations – BEVs, PowerSplits, P0s, and P2s – were chosen for inclusion in ALPHA. Other 
currently lower volume configurations – series parallels, P1s, and fuel cell electric vehicles, for 
example – have not been included but may be candidates for inclusion in future versions of 
ALPHA, especially if their market penetration increases. 

 
Peer Reviewer: Sujit Das 

A. ALPHA model is fairly straight forward tool only for an experienced MATLAB user for 
understanding vehicle behavior, greenhouse gas emissions and the effectiveness of various 
powertrain technologies of current and future vehicles by appropriately changing input 
values in five major vehicle parameter files. Parameter files are organized at the level of five 
major EV components, i.e., Base (Driver and Controls), Vehicle, Electrical, Accessory, and 
Transmission for running a desired EV technology. Battery and the electric machine are a 

Question 2: What is the appropriateness and completeness of the overall model structure and 
its components, such as: 
2a) The breadth of component models/technologies compared to the current/future light-duty 
fleet 
2b) The performance of each component model, including the reviewer’s assessment of the 
underlying equations and/or physical principles coded into that component. 
2c) The input and output structures and how they interface with the model to obtain the 
expected result, i.e., fuel/energy consumption and CO2 over the given driving cycles. 
2d) The use of default or dynamically generated values to create reasonable models from 
limited data sets. 
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part of the Electrical component. The ALPHA model is currently limited to CO2 emissions for 
five different EPA driving cycles including custom driving cycles based on test fuel properties 
and vehicle fuel consumption.  
 
EPA Response: EPA agrees that fully exercising ALPHA requires some experience with 
MATLAB; the ALPHA interface and documentation are not created for the novice user. 
Additionally, although earlier versions of ALPHA are limited to simulating CO2 emissions from 
vehicles with IC engines, with the incorporation of electrified models into ALPHA the model 
can now also simulate electric energy consumption. Although the version of ALPHA provided 
to peer reviewers included the city, highway and US06 regulatory drive cycles, any pre-
defined drive cycle may be incorporated into ALPHA and used in the simulation. 

B. An assessment of the underlying model equations and/or physical principles couldn’t be 
made as they were limited to the original Simulink code without any appropriate model 
documentation available including the limited peer review time. ALPHA model 0.2.0 
documentation is an excellent resource for a MATLAB model user in terms of the contents of 
various files, but no description of types of equations including the source and validation of 
the equation parameter values used. A Data Dictionary of variables used in the model would 
be useful for better understanding of a novice user. 
 
EPA Response:  EPA agrees that information on the model equations and/or physical 
principles is not currently contained in the documentation provided for the peer review and 
can only be found in the Simulink code.  In an updated version of the ALPHA documentation, 
EPA will work to incorporate a description of the underlying equations and/or physical 
principles coded into components, along with additional overview information we plan to 
include in our Regulatory Impact Analysis.  

C. The model is completely input data driven, which need to be collected by either engine or 
chassis dynamometer testing by specific vehicle system technology case. The model 
application is thereby limited to the extent of validated data availability. The overall model 
performance is dictated by calibration of numerous technology-specific parameters used to 
determine final vehicle fuel economy and CO2 emissions for various vehicle drive cycles.  
 
EPA Response: EPA agrees ALPHA is data driven and limited by (or dependent on) data 
availability.  EPA believes this approach is appropriate for a model used to support regulatory 
activities, as our projections are based on real world information.  The majority of ALPHA 
inputs are built from component and vehicle benchmarking conducted on production 
vehicles, while others are derived, and quality checked using data in technical reports and 
papers based on work done by others.  ALPHA’s electrified models were calibrated against 
specific, popular, and well-performing vehicles that contain technology packages considered 
reasonably characteristic of the overall fleet. While EPA recognizes there are a wide variety of 
unique components and operational strategies in the fleet, EPA has concluded that modeling 
these representative examples of various configurations, and not every variation, is sufficient 
for our purposes in characterizing a potential future fleet. However, it is important to note 
ALPHA was constructed to easily allow incorporation of any data or control parameters made 
available from stakeholders which might improve our projections.  

D. The input structure is defined by five major component MATLAB files, in which the input 
parameter values can be changed for the simulation of new technologies. The expected 
results of fuel/energy consumption and CO2 over the given driving cycles for the two vehicle 
types reviewed were reasonable. For PS HEV HWFET drive cycle, CO2 emissions was 
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estimated to be 4%-21% higher than for the UDDS cycle. 
 
EPA Response: Thank you for the comment; EPA agrees. 

E. The use of default or dynamically generated values could only be assessed by the final 
summary output results. A documentation on the approach and the sources used for the 
input parameter values would be useful for the model user to develop or any new 
technologies. 
 
EPA Response: The default values used in ALPHA are primarily derived from data taken 
during chassis dynamometer testing. These specifically include hybrid control parameters, 
accessory loads, and battery pack parameters. Those few values which are not based 
directly on test data (for example, the boost converter losses in the powersplit model) are 
taken from published research. EPA agrees that documentation on the approach and sources 
for default or dynamically generated values within ALPHA could be improved and will work to 
do so. 

Peer Reviewer: Shawn Midland-Mohler 

A. Overall, the model has the overall systems that one would expect for the stated goal.  Given 
the importance of HVAC and battery thermal management to BEV and PHEV platforms, this is 
one area that is not well-developed in the model.  The mechanical and electrical accessories 
are divided into four sub-models, generic loss, power steering, air conditioning, and fan loss.  
In the BEV model, there was no energy usage associated with the engine fan, power steering, 
or air conditioning system.  This could indeed be the case; however, the modeling approach 
is map-based and would require this information to be specified by the user.  Given that the 
loads from these systems can cause significant reductions in in-use energy efficiency, higher 
fidelity of these models would certainly add to the capability of the model. 
 
EPA Response: ALPHA is used to simulate room-temperature regulatory cycles performed 
on a chassis dynamometer with the HVAC system turned off. In this case, there are no losses 
due to HVAC loads, although ALPHA does provide a tunable parameter to represent those 
losses if the user wishes. For the remaining losses, rather than individually modeling them, the 
effects of all accessory losses (including energy used for battery thermal management) are 
combined into one generic accessory load, whose value is set based on vehicle test data. 
However, EPA agrees higher fidelity modeling of accessory losses would enhance ALPHA’s 
capability and plans to begin developing ALPHA’s battery thermal management modeling 
(especially for BEVs) to support potential future regulations.  

B. The control models deployed in the models reviewed also poses a challenge.  As with any 
model of this class, a controller is necessary to manage the torque split and gear as well as 
other important vehicle functions.  The quality of the control algorithm can have a major 
impact on the efficiency of the simulated vehicle – a great vehicle component design with a 
marginal control algorithm/calibration will perform marginally.  There are optimization 
techniques that have been applied to this class of models to allow a more refined control to 
be deployed without excessive calibration by the user. 
 
EPA Response: EPA agrees the quality of the controller affects the efficiency of the vehicle. 
The electrified models in ALPHA were calibrated against specific, popular, and well-
performing vehicles in the fleet that contain technology packages reasonably characteristic 
of the fleet as a whole, and the control algorithms in the model replicate the behavior of 
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these vehicles. Although other techniques could be used, EPA chose to replicate the 
behavior of manufacturer-calibrated vehicles rather than optimize their efficiency. This 
approach ensures that all NVH and other reliability issues that manufacturers must consider 
are accounted for in the calibrations used in our simulation.  
 
Additionally, ALPHA is used to simulate room temperature dynamometer cycles rather than 
in-use operation where much of the calibration complexity resides. EPA does not intend to 
implement numerous calibration packages for each electrified vehicle, but instead plans to 
use fewer calibrations that are reasonably characteristic of the performance of the whole 
fleet over dynamometer regulatory cycles. However, EPA does recognize the advantage of 
implementing an optimal control algorithm which perhaps dynamically tunes its behavior for 
both the powertrain and drive cycles mirroring further technological advances in industry 
and will consider doing so. 

The control algorithm used for the Power Split vehicle was inspected which is in the 
PS_control.m function.  The “working” part of the code consists of less than 100 lines of code 
and is what one would refer to as rule-based for the most part.  There are comments 
included that say “% ::What is this?” and “% ???” which I can understand as a person who has 
done these things before – but also does not lend confidence in the maturity of the control 
algorithm provided.  Given the importance of control algorithms for predicting the efficiency 
of vehicles it is critical that these be matured. 
 
EPA Response:  EPA agrees the working code in PS_control.m consists of about 100 lines of 
rule-based code.  Please note there are additional sources of code associated with 
PowerSplit hybrids throughout ALPHA.   

To meet the narrow simulation needs for EPA’s regulation development, ALPHA’s control 
strategies were designed with a fit-for-purpose approach.  As a result, they do not require 
full and precise implementation of all possible control strategies for current and future 
vehicle variations, over every operating condition. For example, ALPHA only needs to simulate 
vehicle operation at room temperature, over standard regulatory drive cycles.  In addition, 
ALPHA needs to simulate production (or production-ready) components and control 
strategies that can, on average, be used to replicate the CO2 and energy consumption 
estimates of the current fleet (which are ultimately used to forecast what technologies and 
strategies manufacturers might choose to employ in a future fleet).   

This control strategy approach grounds our vehicle models using specific vehicle data that 
reflects production control strategies and calibrations which meet the performance of 
production vehicles, thereby including the performance results due to design constraints 
incorporated in a vehicle manufacturer’s implementation of new or existing technologies. 

EPA agrees the comments quoted are uninformative. The portion of the code referenced 
contains experimental code with an alternative methodology for determining additional 
emissions from hybrids during an FTP cold start and was not being used functionally. EPA 
eventually opted to use a post-processing adjustment for the cold-start FTP (similar to the 
one used for conventional vehicles) and ceased work on the alternative methodology but did 
not remove the associated code. The comment remained from the time when the code base 
was being refactored and cleaned, as a method of communicating within the coding team, 
and reflects the work-in-progress state of the code. Rather than delete this section of code, 
EPA will clean up the code, add comments, and leave the code as a basis for potential future 
development. 
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C. Overall, this is more or less an implementation of a force balance on the vehicle.  The 
components are modeled via maps and the basic relationships between the components.  
No errors were noted in the summation of torques/forces that acted on the vehicle inertia.  A 
model of this class relies on appropriate component maps and appropriate controls.  
Without a more rigorous look at these with comparison data it is not possible to provide a full 
assessment of this.  

When inspecting the driver commands (brake and accelerator) and high-level control inputs 
like gear shifts and torque commands, I did not find anything of concern.  Depending on the 
underlying control algorithm and driver model, there can sometimes be high-frequency 
behaviors on these signals that are not representative of actual vehicle controls or driver 
behaviors.  This was not noted in the model outputs reviewed. 
 
EPA Response: EPA agrees with the reviewer on these points. We have intentionally tuned 
the driver model to avoid these high-frequency behaviors. Additionally, the ALPHA shifting 
algorithm was developed to replicate actual vehicle behavior and has not exhibited these 
behaviors. (See, for example: Newman, K., Kargul, J., and Barba, D. (2015) "Development and 
Testing of an Automatic Transmission Shift Schedule Algorithm for Vehicle Simulation," SAE 
Int. J. Engines 8(3):2015, doi:10.4271/2015-01-1142.) 

D. I was not able to find much documentation on the actual models used outside of the overall 
vehicle mass and loss model.  This made it challenging to review the modeling approach as it 
needed to be interpreted from the model and input/output. 
 
EPA Response: EPA agrees information on the modeling approach was limited in the 
documentation provided for the peer review.  EPA plans to share more details on the 
modeling approach in an upcoming technical paper, but the content of this was not available 
prior to the peer review. Additionally, EPA plans to include a description of the model 
architecture, model inputs, and simulation results in comparison to validation vehicles and 
similar vehicles in the fleet in its Regulatory Impact Analysis (RIA) supporting the upcoming 
rulemaking.  Finally, EPA plans to add some of the content from the technical paper and RIA 
to the ALPHA documentation. 

E. I provided very detailed comments on the output in response to the fourth Charge Question 
below.  In this discussion, I will focus on the input structures.  In the demo files provided, the 
input structure was clearly defined and using variants in the model appropriate subsystems 
were enabled. 

It was not clear to me if there was scaling that could be applied in the input structure – there 
did not appear to be.  That is one aspect that is generally quite useful to be able to slightly 
adjust component sizes without having to generate new component data files.  
 
EPA Response: Any of the component maps within ALPHA can be scaled to model a 
component of different power. EPA agrees ALPHA’s sizing and scaling approach deserves 
clarification and will provide more explanation of our sizing and scaling methodology as part 
of the Regulatory Impact Analysis for our current rulemaking. 

 

F. Compared to more mature projects like Autonomie, there are not many options.  The 
capability is there, but I did not locate any library of models or the ability to scale them.  
Likewise, the control algorithms were very likely highly specific to the particular set of 
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components they were calibrated to work with.  I was not able to locate documentation on 
the nature of the controls but after inspecting the model and the input files it seemed to be 
very calibration-based.   
 
EPA Response: ALPHA is built on component and vehicle mapping conducted on specific 
production vehicles. EPA recognizes there are a wide variety of components and operational 
strategies in the fleet. Although EPA plans only on modeling representative examples of 
various configurations and not every variation, ALPHA was constructed to allow stakeholders 
to incorporate their own data if they wish. 

Peer Reviewer: ICCT 

A. The different technology and modeling choices are all reasonable. Special attention has been 
given to the hybrid powertrain controllers, one of the main fuel economy drivers.  

The P2-PHEV controller, as an example, seems to utilize a charge-depleting charge-
sustaining strategy depending on the battery state-of-charge (SoC) and the physical 
constraints of the different energy conversion devices. During the charge-sustaining mode, 
the algorithm seems to try to operate the engine at its minimum BSFC line as much as 
possible. Assuming that this is the only modeled control strategy, the question here is about 
the representativeness of this control strategy. 
 
EPA Response: EPA constructed the P2 model based on the operation of a popular and well-
performing vehicle in the fleet (in this case a Hyundai Sonata). The engine control strategy in 
ALPHA demonstrates a good match with test data from the vehicle operating on the 
regulatory cycles. Although we recognize there are a wide variety of operational strategies in 
the fleet, we believe over regulatory cycles this strategy would produce energy and fuel 
consumption results that are reasonably representative of a wide swath of the present and 
future fleet. 

B. Other more complex and efficient controllers, such as the ECMS (equivalent consumption 
minimizing strategy) based on Pontryagin’s Maximum Principal optimization techniques, can 
reduce total fuel and energy consumption, and several vehicle manufacturers have 
considered it. While on the other hand, other simpler heuristics rule-based controllers can 
also be implemented. In addition, the domain of hybrid vehicle controllers has been going 
beyond the traditional optimization-based or rule-based methods as more advanced neural 
network- and machine learning-based control strategies are under continuous development. 
So, the question here is mainly about the representativeness of the adopted control strategy. 
 
EPA Response: EPA has chosen to incorporate vehicle components and control strategies 
that already exist within the current fleet and are representative of the performance of a 
broad range of vehicles as part of our updates to ALPHA. At this time, we are not 
implementing hybrid control strategies that have not been brought to production. However, 
for future development of ALPHA we may consider evaluating more efficient algorithms as 
part of our ongoing research programs. 

C. In the generated results file in MATLAB workspace, there is a mention of a “s_factor,” which 
seems drive cycle dependent. It is unclear why this factor is defined and how it is used in the 
model. This question is raised here as the “s_factor” is a common notion in the academic 
literature regarding hybrid vehicles’ control strategies which is defined as a conversion factor 
between fuel energy and battery energy. 
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EPA Response: The S factor is used to correct the fuel consumption to a zero-change in 
battery SOC, using the method outlined in Appendix C of SAE procedure J1711 
(Recommended Practice for Measuring the Exhaust Emissions and Fuel Economy of Hybrid-
Electric Vehicles, Including Plug-in Hybrid Vehicles). In this way, the effective CO2 impact of 
charging or discharging the battery over the length of the cycle is included in the final tally. 
The S factor used is indeed cycle dependent; the values come from test data informing a 
draft (not yet finalized) update to the J1711 standard. Once the J1711 standard is updated, 
these values will be altered if necessary. An explanation of the definition and use of the S 
factor will be added to the documentation. 

D. The battery model is a resistance-capacitance (RC) equivalent circuit model that captures 
the dynamic battery voltage drop as a function of the battery’s main state variables, such as 
SoC and temperature. RC equivalent circuit models are proven to be robust models and 
widely used in battery modeling for vehicle energy assessment. The battery model also 
includes a thermal sub-model where the battery temperature and different heat transfer 
phenomena are estimated. The battery’s internal heat generation due to the exothermic 
chemical reactions is well presented. The battery heat exchange with its surroundings, either 
with the ambient or the cooling system, seemed to be simplified in a single parameter: the 
battery pack’s total conductance. It is unclear to us what battery cooling technologies are 
considered and to what extent this approach can consider different cooling techniques, such 
as active/passive air or liquid cooling. While this issue might not be a game changer in hybrid 
powertrains, the battery temperature is more critical on pure electric powertrains, given the 
size of the battery, which would affect the battery performance and total energy 
consumption. In addition, the battery efficiency seems to be quite high (96.9% on UDDS_1, 
97.7% on UDDS_2, 98.7% on highway cycle, 91.8% on US06_1, 97.3% on US06_2). 
 
EPA Response: The battery pack parameters (Open Circuit Voltage – OCV, and Series 
Internal Resistance – R) were tuned to match the terminal voltage and current response of 
the battery pack data collected on chassis dynamometer during the drive cycle testing. This 
ensured the modeled charge flowing on and out of the battery during dynamometer testing 
correlated with the test data and we found the battery losses and battery efficiency also 
corresponded with test data. For example, the internal resistance of the BEV battery pack – 
and thus the expected losses – is very similar to published data from a VW iD.3 (see Nikolaos 
Wassiliadis, Matthias Steinsträter, et al., “Quantifying the state of the art of electric 
powertrains in battery electric vehicles: Range, efficiency, and lifetime from component to 
system level of the Volkswagen ID.3,” eTransportation, Volume 12, May 2022, 100167). 

Beyond the cycle efficiency numbers, there are additional battery losses associated with 
battery charging from an AC power source. As these charging losses do not occur during the 
dynamometer operation, they are not included in the quoted battery efficiency number. 
Instead, they are postprocessed within ALPHA using a nominal “charging efficiency” factor 
which includes both losses within the charging system and losses in the battery during 
charging. This “charging efficiency” factor is the ratio of DC energy used during the 
dynamometer test to AC energy supplied to the vehicle, and is set to 0.90, based on average 
values recorded during multicycle tests of BEVs. 

E. The electric machine model is mainly data-driven, summarized in dynamic look-up tables 
focusing on the maximum torque curves and energy conversion efficiency. It is unclear 
whether the model differentiates between continuous and peak torque. The electric machine 
losses seem to be quite high (23% on UDDS_1, 29% on UDDS_2, 15% on highway cycle, 26% 
on US06_1, 14% on US06_2). It is not clear if these are losses during both propulsion and 
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regenerative braking modes. 
 
EPA Response: Regarding continuous versus peak torque, the dynamic lookup tables within 
ALPHA are capable of varying available torque based on a thermal model or other criteria. For 
the included demo simulations, a static map was used. This is an area where further 
development is planned.  

The losses quoted are not the throughput losses (i.e., 1 – efficiency).  Rather, they are the 
percentage of propulsion energy that is lost within the electric drive unit (specifically for the 
BEV, this would be the percentage lost with respect to the total battery energy used during 
the cycle). The electric drive unit includes the emotor, power electronics, and gearing, and 
the electric machine losses quoted reflect losses in all three components. The efficiency of 
the EDU in the BEV model supplied to the peer reviewers tends to be in the range of 87% - 
92% when operating over the EPA regulatory cycles.  

EPA notes the electric machine efficiency was not reported in any output file which would be 
a helpful quantity to provide ALPHA users. Therefore, EPA will add columns to the 
“results.csv” file for future public releases to allow easier review of key simulation run 
parameters (e.g., emotor efficiency, engine efficiency, battery efficiency, etc.).  In addition, 
EPA notes the demo files provided for the peer review had the output verbosity set to 1, 
which produced a fairly limited “results.csv”. Higher verbosity levels will automatically include 
additional parameters in the results file. EPA plans to insert comments into the sample 
scripts to better alert the user that additional data can be output.      

F. The different transmission systems and the engine are developed with high fidelity. The gear- 
shifting strategy behaved as expected for some sample runs. The transmission system 
model is highly complex, which raises the concern of data availability for model calibration 
for different vehicles.  
 
EPA Response: The ALPHA shifting algorithm was developed to replicate actual vehicle 
behavior. (See: Newman, K., Kargul, J., and Barba, D. (2015) "Development and Testing of an 
Automatic Transmission Shift Schedule Algorithm for Vehicle Simulation," SAE Int. J. Engines 
8(3):2015, doi:10.4271/2015-01-1142.) We have used the shifting algorithm to validate multiple 
conventional vehicles and have found there is a reasonably good match between ALPHA shift 
results and shifting over the regulatory cycles with vehicles whose transmissions are 
calibrated to emphasize fuel economy. 

G. The powertrain auxiliaries, such as the air conditioning (AC) unit, fan, pump, and other electric 
auxiliaries, seemed to be modeled simply as constant power demand from the battery or 
torque demand from the engine. While this simplification is acceptable for most auxiliaries, 
such an approach can misestimate the AC/heating unit energy consumption, which is highly 
sensitive to dynamic operating conditions such as external temperature and trip duration. 
Detailed vehicle cabin thermal and AC/heating models would enhance the model capabilities 
to model the AC energy consumption providing a more accurate estimation of the vehicle’s 
fuel economy/energy efficiency. Although the user can still input different auxiliary 
consumption in kW to mimic additional heating and cooling needs, quantifying such metric is 
a complex process that may incur inaccuracies. Thus, modeling such behavior is quite 
essential. 

The academic literature has grown rich recently with modeling techniques to integrate 
vehicle powertrain and vehicle cabin thermal modeling into a single platform. Some examples 
of such literature are: 
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- Marcosa, D., Pinob, F.J, Bordonsa, C., Guerrab, J.J., “The development and validation of  
a thermal model for the cabin of a vehicle” Applied Thermal Engineering, 
https://doi.org/10.1016/j.applthermaleng.2014.02.054.  

- Doyle, A., Muneer, T., “Energy consumption and modeling of the climate control 
system in the electric vehicle”. Energy Exploration & Exploitation, 
https://doi.org/10.1177/01445987188064.  

EPA Response: ALPHA is used to simulate room-temperature regulatory cycles performed 
on a chassis dynamometer (with the HVAC system turned off). In this case, there are no 
losses due to HVAC loads, although ALPHA does provide a tunable parameter to represent 
that loading if the user wishes. For the remaining losses, rather than individually modeling 
them, the effects of all accessory losses (including energy used for battery thermal 
management) are combined into one generic accessory load, whose value is set based on 
vehicle test data. 

However, EPA agrees that higher fidelity modeling of these losses would enhance ALPHA’s 
capability to perform other types of simulations, and we are planning to develop HVAC and 
thermal control modeling capability in ALPHA (especially for BEVs) to support future 
laboratory research programs. We thank the reviewer for the specific literature 
recommendations. 

H. Regarding the drive cycles, it appears that the US06 drive cycle is split into two phases, with 
the first phase incorporating the hard accelerations and the second phase incorporating the 
high speeds. We recommend adding a combined US06 audit. 
 
EPA Response: The US06 drive cycle is customarily divided into “city” and “highway” phases 
as described by the reviewer.  EPA feels there is a benefit in analyzing the two phases 
independently (for both the US06 and UDDS) and thus report them as such.  A combined 
“EPA_UDDS & EPA_HWFET & EPA_US06 audit” is already included to allow a quick visual 
verification of 100% conservation of energy for the entire simulation run. 

I. The output file structure looks appropriate and complete. The model, however, lacks a 
master input file where the user can easily visualize all inputs. While this is understandable for 
a non-commercial model, a master input file would ease model validation and allow the user 
to conduct parametric studies more easily, which would help provide a more solid idea of the 
entire model’s robustness.  
 
EPA Response: The version of ALPHA provided to the reviewers contained only a few 
electrified model simulations configured via scripts and run independently. Using different 
scripts, ALPHA is capable of loading simulation parameters from a file either as a list of 
individual simulations or by using the full factorial expansion capability built into ALPHA. EPA 
plans to add an additional demo file to its public release of ALPHA to demonstrate this 
functionality. 

J. While a data-driven modeling approach is reasonable for vehicle fuel economy estimation, a 
significant amount of data must be collected or provided to parametrize the model correctly. 
Engine test benches and vehicle chassis dynamometers are well-developed standard 
practices for data collection for conventional powertrain technologies. However, it is unclear 
how data for batteries and electric machines were developed and the extent to which such 
data collection methods are well developed. While this review covers the modeling approach 
in general, clarifying the electric components’ data collection approaches via proper 
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documentation is essential for the user to understand the potential limitations of the model. 
 
EPA Response: EPA agrees that robust data collection to sufficiently represent the operation 
of components is essential. To model the behavior of electric machines, EPA uses emotor 
test data from suppliers, contractors, and other national laboratories. These data are 
collected from electric components using dynamometers, with methodologies similar to 
those used in engine testing. EPA independently evaluates the data to ensure the resulting 
ALPHA input maps reflect physically reasonable component performance.  

Data on battery performance are developed using widely recognized battery models whose 
parameters are then tuned so the current and voltage response match test data. For 
example, the BEV battery model was developed using published data from a VW iD.3 (see 
Nikolaos Wassiliadis, Matthias Steinsträter, et al., “Quantifying the state of the art of electric 
powertrains in battery electric vehicles: Range, efficiency, and lifetime from component to 
system level of the Volkswagen ID.3,” eTransportation, Volume 12, May 2022, 100167). 

EPA also agrees that explaining data collection and properly documenting the processes for 
obtaining electric component data is essential for a robust, transparent modelling process. 
We are documenting the electric component data used in ALPHA modeling and will be 
publishing this information on the EPA web site in conjunction with the rulemaking. Users of 
ALPHA can easily substitute their own emotor efficiency maps into ALPHA if they wish, 
without altering the underlying vehicle control strategy. 

 
Peer Reviewer: Sujit Das 

A. The ALPHA model is a MATLAB/Simulink based full vehicle computer simulation model 
capable of analyzing various vehicle types combined with different powertrain technologies. 
Although both current and future advanced vehicle technologies can be explored by defining 
appropriate parameters in five major EV component files but requires a fairly knowledgeable 
of the specific MATLAB version (e.g., 2022a for the review version) to ensure robust and 
expeditious program execution. 
 
EPA Response: EPA agrees with the reviewer that exploring the full capabilities of ALPHA 
requires a fair amount of knowledge of MATLAB. ALPHA 3.0 was developed using MATLAB 
2020a and should be compatible with subsequent versions of MATLAB. For regulatory 
purposes, we provide pre-populated input files so stakeholders can replicate EPA’s analyses. 
Independent analyses which involve explorations of various parameters can be 
accomplished by stakeholders using ALPHA; however, this type of operation is best suited 
for users who are skilled in MATLAB and vehicle analysis. ALPHA does not have the extensive 
user support a similar commercial package would have. 

B. A specific simulation runtime is significantly high, more than 10 mins. without providing any 
indication to the user progress made so far. A user-friendly front end useful for an 
expeditious sensitivity analysis of key input parameters. 
 
EPA Response: There are a few factors driving the high run time for simulations. The provided 
demo cases were all set up using the REVS_log_all logging. This logs every signal in the model 
and requires a significant amount of memory. Additionally, whenever ALPHA reconfigures 

Question 3: Does the ALPHA model use good engineering judgement to ensure robust and 
expeditious program execution?  
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(changing powertrains or component models) it must be recompiled causing the first 
simulation to require additional time. Had the simulations instead swept parameters such as 
vehicle mass that do not require recompilation, subsequent simulations would have run 
significantly faster. In larger batch simulations, where a limited set of signals is logged, 
runtimes are generally under 30 seconds for each simulation. 
 
Regarding a progress display, there is a disconnect between MATLAB and Simulink, where 
once the Simulation is requested, feedback is not generated until the simulation is 
completed. For batch simulations there is a progress display that updates after each 
simulation. Considering the included demos only include one or two long running cases this 
functionality was probably not visible to the user.  
 
EPA thanks the reviewer for the suggestion of a graphical front end. Given the flexibility of 
ALPHA, a user interface covering all features would probably be confusing, but a simplified 
version could help new users get acclimated, and EPA will consider implementing such a 
feature. 

Peer Reviewer: Shawn Midland-Mohler 

A. Overall, the modeling approach used seems appropriate to the technical goals.  The fidelity 
selected provides fast execution. This does have drawbacks as it is heavily reliant on 
experimental maps as input.  As outlined in a previous comment, the use of relatively simple 
control algorithms rather than techniques that have some manner of optimal control is a 
weakness.  Adding this could result in slower execution time, however, it would likely result in 
better results with less overall run time for the user as it would require less runs to calibrate 
and adjust the control. 
 
EPA Response: The models within ALPHA are calibrated to replicate the performance of 
specific vehicles in the fleet which have been tuned by the manufacturer. The use of input 
maps and control algorithms measured/observed in the testing of representative vehicles 
grounds our ALPHA control algorithms in reality.  These are simple in part due to the 
purposeful replication of the narrow vehicle operating conditions of hot start EPA regulatory 
cycles (e.g., room temperature, no HVAC, warmed up operation, etc.).  Although the models 
within ALPHA could be re-tuned to increase their control strategy flexibility and scope 
(which might be valuable to some users), EPA does not have the need to do so in support of 
its current regulatory work. 

Peer Reviewer: ICCT 

A. It is not possible to provide a solid opinion about engineering judgment and model 
robustness without a thorough comparison between simulation results and real-world 
testing data at the component level and vehicle level. The peer reviewers asked EPA if ALPHA 
has been validated against real-world results. EPA answered that each sub-model had been 
thoroughly validated against data collected from vehicle dynamometer testing internally and 
externally, where the tested vehicle behavior was reproduced with the model. The general 
approach of the model validation process, as shared by EPA, sounds reasonable and 
comprehensive. The modeling run demos provided by EPA demonstrate good agreement 
between simulation results and real-world data, but a more robust assessment is beyond the 
scope of our review. 
 
EPA Response: EPA thanks the reviewer for this comment and acknowledges that a robust, 
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deep-dive assessment of model fidelity through the comparison of simulation results and 
real-world testing data is a time-consuming task. We appreciate the reviewer’s expertise and 
observations on the importance of using real-world vehicle data to improving model 
robustness. 

B. One important point to mention is the impact of the simulation step size on the simulation 
error. While it is understood that a smaller step size would yield a lower error at the expense 
of higher computation resources, it is unclear how the simulation step size is set and what 
simulation error is considered acceptable. 
 
EPA Response: EPA agrees with the reviewer that simulation step size and resultant error is 
important to robust simulation. We feel we set an appropriate step size (100 Hz) and our 
energy audits (documented in the “console.txt” files) confirms that energy is being 
conserved within the model during simulations.  Additionally, simulation step size is a 
parameter which can be changed by the user if desired. 

 
Peer Reviewer: Sujit Das 

A. The output Excel file is fairly simple with summary results of fuel economy (MPGe and 
Whr/mile). Fuel efficiency output file is detailed and clear with both Phase and Weighted 
aggregate results of energy economy, efficiency, and consumption by drive cycles. Energy 
Audit report by the drive cycle is fairly detailed in terms of energy balance at the gross level 
and by major EV components. 

Energy consumed by Accessories has been accounted as the sum of Generic and DCDC 
Converter Losses. Fuel consumed (grams and gallons) including CO2 emissions for 
conventional vehicles are reported under Phase Results by drive cycles.  

The simulated AC usage in UDDS and HWFET drive cycle results of a 2019 Tesla Model S 
Standard Range compared well (within less than 2%) with EPA certification values.   
 

EPA Response: Thank you for the comment; EPA agrees. 

Peer Reviewer: Shawn Midland-Mohler 

For this charge question, the output will be considered the log file, the console output file, the results 
file, and the figures that are generated from the model run. 

Clear Output/Results: 

A. Log File:  Overall, this was reasonably well organized.  See comments below on some items 
that led to some confusion. 
 
EPA Response: Thank you for the comment; EPA agrees. 

B. Console Output:  This was clear. Given the tabular nature of the data, it would be helpful to 
output this as a .csv or use the Report Generator capability in MATLAB to give it structure as 
a pdf.  I can see users having to do cutting and pasting to use this data for whatever their 
purpose was. 
 
EPA Response: The console output is primarily intended to be used for diagnostic purposes 

Question 4: Does the ALPHA model generate clear, complete, and accurate output/results 
(CO2 emissions, or fuel efficiency output file)?  
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to confirm conservation of energy. The values displayed in the console output’s energy audit 
are accessible in the workspace and thus could be manually added in the CSV result files. 
Developing scripts to add any desired columns for the energy audit will be considered for 
future development. 

C. Results File:  This was clear, but the horizontal format is not what I would have preferred.  It 
seems like it would be more readable as a .csv in a spreadsheet app if it were arranged 
vertically.   
 
EPA Response: The peer reviewers were supplied with individual example runs for each 
electrified technology. However, ALPHA is typically run in a batch mode with either multiple 
vehicles or multiple permutations of parameter values, and the output file contains results 
from all vehicle simulations. In these cases, with dozens or hundreds of vehicle simulation 
outputs, the horizontal .csv format lends itself more easily to post-processing analysis and 
manipulation. 

D. Figures:  Many of the figures did not contain proper units for some of the axes. I was able to 
infer the likely units but that is clearly not good practice. Given that the figures are only 
generated upon run, I would have appreciated them being saved or, at a minimum, written 
into a pdf file and logged with the above files. 
 
EPA Response: EPA agrees with the reviewer that properly labeling figure axes is desirable. 
We will update the scripts in ALPHA to ensure axes contain units.  For the provided sample 
simulation scripts, the plot generation was done at the end of the script, outside of the batch 
simulation operation. To generate and organize plots for each simulation case would require 
moving the plot generation into a case post-processing script. Calling the DOR plot scripts 
with the MATLAB publish command can be used to send the resulting figures to a pdf. EPA 
agrees this is a useful feature and will work on developing the postprocessing script and a 
demo showcasing its usage. 

Complete Output/Results: 

E. Log File:  The log files that I inspected did not seem to fully be populated with data or I may 
have been misunderstanding the intent.  In the “Configuration Keys” section there were many 
entries without values, for instance the A, B, and C coefficients did not list values.  I expected 
these to be the values that were used to generate the results.  There were many other areas 
where this was the case. 
 
EPA Response: The “Configuration Keys” section of the log files are intended to document 
how the batch was configured, and not to document the individual simulations. Regarding the 
ABC coefficients not having values, those configuration keys are intended to override values 
that would otherwise be set via the vehicle param files. For a simple simulation, most model 
parameters are set in the various component parameter files rather than in the log file, and 
the blank configuration keys represent those parameters whose values default to the values 
in the vehicle param files. The documentation can be revised to better clarify the use of the 
configuration keys and the distinction between values set in the log file and those set in the 
vehicle param files. 

F. Console Output:  The console output contained a good summary of overall cycle energy 
flows.  
 
EPA Response: Thank you for the comments; EPA agrees.  



Peer Review of Electrified Vehicle Simulations within EPA’s ALPHA Model - Final Report December 2022 

28 | P a g e  

 

 
G. Results File:  The results file contains an effective summary of each cycle and the overall 

composite of the cycles run from an energy perspective. 
 
EPA Response: Thank you for the comments; EPA agrees.  

H. Figures:  The set of figures shown was satisfactory.  Obviously, a person can generate their 
own.  A concern is that I did not see that the data from a simulation was logged.  I would 
prefer to have that option to avoid having to rerun a simulation.  I was able to locate the time 
series output in the “model_data” structure.  I assumed that this was the model parameters 
based on the “data” label – instead it was the output.  I think “model_output” would have 
been a more appropriate name or something even more descriptive. 
 

EPA Response: ALPHA contains a couple different mechanisms for saving the simulation 
data which are more thoroughly described in the documentation and configured within the 
sim_batch object. If retain_output_workspace is set to “true”, then simulation data is saved 
in memory and is accessible with the extract_workspace method for each simulation case. 
Alternatively, data can be logged to a mat file by setting save_output_workspace to “true.” 
The “model_data” nomenclature is carried over from our model validation activities where it 
is compared to a similarly organized “test_data” object. The comment is appreciated and will 
be a topic for further discussion by the developers. 

Accurate Output/Results: 

I. Overall, the accuracy is difficult to assess because the models provided are only 
representative of classes of vehicles and no direct comparison data is provided. Upon 
request by the reviewers, the EPA provided simulation results that were representative for a 
2019 production EV.  The results cycle-based results agreed very well with the experimental 
results provided.  This demonstrates that it can generate valid results. 
 
EPA Response: EPA agrees ALPHA can generate valid results and acknowledges that a 
robust, deep-dive assessment of model fidelity through the comparison of simulation results 
and real-world testing data is a time-consuming task. 

J. Overall, the modeling approach is known to be able to predict cycle energy usage well under 
nominal conditions.  Additional factors like HVAC loads and cold/hot weather performance 
can be challenging to model with the current fidelity of the models.  I do not feel that is 
something that the model is expected to be able to do at this point, so this compromise is 
understood.  To bring those factors into the model, additional systems need to be directly 
modeled or the resulting loads on the system need to be brought in via the existing 
accessory load and efficiency models.  This typically requires detailed information on 
components/controls and/or experimental data that is often not easily obtained outside of 
OEMs. 
 
EPA Response: ALPHA simulates room-temperature regulatory cycles performed on a 
chassis dynamometer as a result, there are no losses due to HVAC loads. However, EPA 
agrees higher fidelity modeling of these losses would enhance ALPHA’s capability and we are 
considering improving this modeling for future versions of ALPHA. 

Additional Comments/Questions: 
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K. It was not clear to me if there is a warning issued if the drive trace is violated.  If not, this 
would need to be added because results when this occurs may not be valid. 
 
EPA Response: EPA agrees tracking drive trace violations is necessary. ALPHA does track 
drive trace violations (if any) and can report the percentage of time the simulation is outside 
the drive trace envelope. In the peer review outputs, this can be found in the console.  EPA 
normally also indicates trace violations in the CSV results file.  EPA will consider ways to 
make any trace violation more obvious in the simulation output files. 

L. It was not clear to me if there is a correction for SOC variation for non-plug-in hybrids. 
 
EPA Response: ALPHA accounts for the SOC variation by using an S factor to correct the fuel 
consumption to a zero-change in battery SOC. The method used is outlined in Appendix C of 
SAE procedure J1711 (Recommended Practice for Measuring the Exhaust Emissions and Fuel 
Economy of Hybrid-Electric Vehicles, Including Plug-in Hybrid Vehicles). EPA will update 
ALPHA documentation to note the use of the S factor to account for SOC variation. 

 

M. It was not clear to me in the structure of the model if the translational mass of the rotational 
components were factored appropriately.  There was some discussion of this in the manual 
but without having time to really investigate this I could not be certain.  I noted how the 
rotational inertia was carried forward in the model to be added into the overall mass where 
the vehicle inertial integrators were.   
 
EPA Response: The physics within ALPHA are simulated via torques and rotational inertias 
which are carried down through the powertrain to either a disconnection point, an open 
clutch for example, or the wheels. Within the tire model the torque is translated into force 
while the rotational inertia of upstream components is translated into an equivalent mass 
which can be added to the static mass of the vehicle. From these values the acceleration 
and speed can be computed. We agree the graphical nature of a Simulink model can make it 
difficult to determine whether the physics are represented properly. A more thorough 
description of these models has been included in some of our prior publications and could 
be included within the user documentation to clarify the matter. Concerns regarding 
conservation of energy was a primary reason the energy auditing was implemented, allowing 
the changes in stored energy to be vetted against the sum of the energy consumed by each 
of the component losses. 

N. In reviewing the model_data variable, I noted that the model_data.controls part of the 
structure was not populated with data.  There were variables there in the EV and PS model, 
but they did not contain data vectors. 
 
EPA Response: Controls is an area where EPA has not often used the model_data variable 
during development, preferring instead to use the signals in datalog.controls which are more 
powertrain specific.  The model_data variable is constructed from class_test_data which 
was originally developed to provide a standard structure into which data from vehicle testing 
could be loaded and is integral to the DOR functionality. ALPHA only generates a subset of 
the signals class_test_data is capable of loading; thus, many variables are left unused. 

Peer Reviewer: ICCT 
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A. The ALPHA model generates automatic plots describing the physical behavior of the main 
powertrain components, in addition to a console text file summarizing the energy 
consumption, fuel economy, and CO2 emissions. We recommend the following to make the 
results file more readable: 

- The accessory’s energy consumption doesn’t show the share of each component 
(fan, AC, pump, etc.). These are aggregated under one value. Although the generated 
results files contain placeholders for these accessories, they show a value of zero. 

EPA Response: For these variables, users have the option of defining energy 
consumption for each component individually or defining the total energy 
consumption for all accessories. For the peer review, the total energy consumption 
was defined as a single generic loss, whose value is derived from chassis 
dynamometer test data, without defining the breakdown into individual accessory 
systems. The zero values represent placeholders for the individual quantities not 
itemized. 

- There is no mention of the battery’s thermal needs as an accessory consumption. Is 
battery cooling/heating consumption considered part of the battery losses? It is 
worth documenting how the model handles battery thermal needs. 

EPA Response: EPA agrees that documenting how ALPHA incorporates battery 
thermal management losses is preferred. The accessories are modeled in ALPHA as a 
single generic loss, whose value is derived from chassis dynamometer test data. 
However, EPA plans to begin developing ALPHA’s battery thermal management 
modeling (especially for BEVs) to support potential future regulations. 

- The results file mentions “kinetic energy” as a potential energy source in addition to 
fuel and stored energy. It is unclear whether this refers to brake energy recovery or 
another indicator. 

EPA Response: Kinetic energy mentioned in the file refers to the kinetic energy of the 
vehicle, and therefore the amount of energy available for recovery when braking. EPA 
will clarify this term in the documentation. 

- The fuel energy could be further detailed into direct flow to the driveline or energy 
flow from the engine to the battery, depending on the powertrain architecture. This 
can provide a clearer idea of the control strategy under different drive cycles, 
operating conditions, and system boundary conditions. 

EPA Response: ALPHA does track electrical energy into and out of the battery which, 
like fuel energy flow, can be used to provide an idea of the control strategy. The 
advantage of tracking electrical energy is that it directly coincides with a measurable 
quantity in the vehicle, as opposed to fuel split which must be calculated. However, 
EPA will also consider incorporating a similar fuel energy calculation. 

B. In the model, it is mentioned that the final drive efficiency is already included in the electric 
drive unit. This is probably why the final drive losses are always set to zero in the results 
report. However, the final drive is separate from the electric motor, and combining their 
efficiencies limits the model’s flexibility. We recommend fixing this issue. 

EPA Response: ALPHA has the option of modeling the final drive as part of the motor (in 
which case the separate final drive block losses are zero) or separately in the final drive 
block. For the peer review, the e-machine map used for the BEV model was based on test 
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data from an entire electric drive unit (EDU), which included the gearing and the gearing 
losses. However, if the user wishes to incorporate an e-machine which does not include 
gearing, the gearing losses and ratio can be defined within the final drive. 

 
Peer Reviewer: Sujit Das 

A. Detailed sixty complementary graphical output files as a function of drive cycle time to the 
three summary output files provided would have useful for the evaluation of the model 
functioning. Unless an expert MATLAB/Simulink user, it is not intuitive to track down the 
logical flow of summary final results from its initial parameter values used in underlying 
equations. 
 
EPA Response: EPA agrees the overall process from input parameters, simulation 
configuration, simulation, and output processing can be confusing in part due to the effort to 
make the simulation process in ALPHA highly configurable. Additional documentation 
explaining the process from a higher level will be added in the future. 

Peer Reviewer: Shawn Midland-Mohler 

A. I provided some specific recommendations in the above section.  I do not have any 
additional comments to provide. 
 
EPA Response: EPA thanks the reviewer for the detailed and thoughtful comments above. 

Peer Reviewer: ICCT 

A. Hybrid and plug-in hybrid vehicles’ controllers (energy management strategy) are rigid and 
developed based on specific strategies and algorithms. Providing the option to simulate 
several hybrid control strategies as part of the batch simulation runs would be more 
comprehensive and may cover a broader range of vehicles. 
 
EPA Response: The models within ALPHA are calibrated to replicate the performance of 
specific vehicles in the fleet which have been tuned by the manufacturer. Although the 
models within ALPHA can be re-tuned by EPA or stakeholders, for its current regulatory 
modeling EPA does not need to replicate the wide array of control algorithms in the fleet.  
Please also see EPA’s response to Charge Question 3, Shawn Midland-Mohler, comment A. 

B. A bottom-up approach is recommended to estimate the vehicle weight. Estimating the 
components’ weights and aggregating these weights to calculate the total vehicle weight can 
provide a more accurate estimation of the impact of different technology choices, especially 
different battery, and electric motor sizes. 
 
EPA Response: ALPHA is used to simulate vehicle behavior during chassis dynamometer 
testing which is performed using the equivalent test weight (ETW) provided by the 
manufacturer. EPA agrees with the reviewer that estimating the effect on weight of various 
technology choices can be useful, but that analysis is beyond the scope of ALPHA. 

C. A master input file can ease the execution of parametric studies and help validate the 
model’s behavior and the component and system levels. 
 

Question 5: Do you have any recommendations for specific improvements to the functioning 
or the quality of the outputs of the model?  
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EPA Response: The version of ALPHA provided to the reviewers contained only a few 
electrified model simulations which were run independently. However, ALPHA also includes a 
batch processing script where all inputs can be listed and multiple simulations (e.g., 
parametric studies as suggested by the reviewer) with different inputs can be simulated 
together with both input and output parameters collected in a single file. 

D. Improve the model documentation with explicit modeling assumptions, especially regarding 
hybrid controllers. 
 
EPA Response: EPA agrees with the reviewer that improving the documentation for ALPHA 
would aid users, and specifically that an expanded description of hybrid controllers would be 
beneficial. We will work to implement this in the ALPHA documentation.  Please also see 
EPA’s response to Charge Question 2, Shawn-Midland-Mohler, comment E. 

E. It is essential to provide insights into the representativeness of the core data used to 
develop these models. It is not entirely clear when these data were collected, how relevant 
they are today, and how relevant they will be in the long term. 
 
EPA Response: EPA agrees with the reviewer that explaining data collection and relevance, 
and properly documenting the processes for obtaining electric component data is essential 
for a robust, transparent modelling process. These data were collected using methods similar 
to those used in engine testing which is described in detail on our website: 
https://www.epa.gov/vehicle-and-fuel-emissions-testing/benchmarking-advanced-low-
emission-light-duty-vehicle-technology.  EPA independently evaluates the data to ensure 
the resulting ALPHA input maps reflected physically reasonable component performance as 
described on our website:  https://www.epa.gov/vehicle-and-fuel-emissions-
testing/combining-data-complete-engine-alpha-maps. EPA is in the process of 
documenting the electric component data used in ALPHA modeling and will be publishing all 
the information on a new EPA web page dedicated to electric components. However, users of 
ALPHA can easily substitute their own emotor efficiency maps into ALPHA if they choose 
without altering the underlying vehicle control strategy. 

 
Peer Reviewer: Sujit Das 

A. A different detailed simulation model primarily for electrified vehicles needs to be developed 
with a focus on life cycle CO2 emissions instead of tailpipe emissions simulated by ALPHA. 
 
EPA Response: ALPHA is intended to simulate vehicle performance on regulatory cycles 
performed on a dynamometer. A life cycle analysis for CO2 would, by definition, need to 
incorporate factors and assumptions beyond vehicle dynamometer behavior and is beyond 
the scope of ALPHA. 

B. Any comparative analysis with the similar forward-looking, full vehicle computer simulation 
model such as AUTONOMIE used by U.S. Department of Energy will be useful towards the 
model validation.  
 
EPA Response: EPA has compared the ALPHA simulation of a conventional vehicle to an 
Autonomie simulation of the same vehicle. We concluded that given the same inputs, not 
only were the CO2 emissions very similar, but the second-by-second vehicle performance 

ADDITIONAL OVERALL COMMENTS PROVIDED (NOT CHARGE QUESTION-SPECIFIC) 
STRETCHINGBOX 
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was very similar as well.  EPA will consider different approaches for providing such analyses 
to the public for consideration. 

C. It is critical that the level of accuracy of vehicle performance results obtained from a 
simplistic model such as ALPHA be frequently demonstrated and documented to meet the 
stringent requirements of any Federal regulation such as CAFE in this case. 
 
EPA Response:  EPA agrees documenting ALPHA and demonstrating its accuracy is 
important. In support of this approach, EPA has spent considerable time and effort producing 
publicly available ALPHA documentation in publications such as the Draft Technical 
Assessment Report (TAR), benchmarking data, key ALPHA input file descriptions, key ALPHA 
result outputs, and technical papers and presentations.  Many of these describe ALPHA 
validations against detailed data captured on the dynamometer. However, an important 
factor to consider is that ALPHA is EPA’s tool internally developed and used to estimate 
future CO2 emissions and is not a regulation compliance tool. 

Peer Reviewer: Shawn Midland-Mohler 

A. In browsing the model documentation, it was very heavy on the programming structure of 
the model and very light on the actual modeling approach.  For instance, the only model that 
seemed to describe in any detail was the vehicle loss and inertia model.  There was very little 
insight provided into other plant models or the control models.  For others to adopt this 
methodology, these details need to be readily available to users.  As it is now, a potential user 
is left to interpret the intent of the model from the structure of the code.  This is possible, 
but it leaves lots of questions and for it to be widely adopted would need to have more 
information provided. 
 
EPA Response: EPA agrees documentation for ALPHA could always be improved and will 
work to do so within our resource constraints. We thank the reviewer for the specific 
suggestion of providing more detail about other plant and control models. Some additional 
model details have been provided in other publications which will be integrated into the 
manual. The initial purpose of the provided documentation was to establish a consistent 
framework for continued ALPHA development which includes a heavy connection with the 
program structure. Please also see EPA’s response to Charge Question 2, Shawn-Midland-
Mohler, comment E. 

Peer Reviewer: ICCT 

A. The review process of the ALPHA model considered both the provided MATLAB/Simulink 
scripts and models and the accompanying documentation. Generally, the different battery-
electric and hybrid powertrain models are developed based on solid methodologies that 
capture state-of- the-art technologies with proper modeling techniques. The modeling 
approach is thorough and presents a comprehensive energy analysis of the different 
powertrain physical domains, where the sub-systems’ interactions are clearly defined and 
well established. The core of the models mainly relies on a data-driven approach, where the 
physical behavior of the main powertrain components, such as the battery, electric machine, 
engines, etc., is captured using multidimensional data sets. This simplification is 
understandable at the powertrain system level, as simulating the dynamic physical behavior 
of every component would be beyond the scope of this model. 
 
The structure of the model is modular, allowing a standardized modeling and simulation 
environment for all powertrain technologies based on a common model core, as presented in 
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the different libraries. The model includes a detailed set of controllers that dictate the 
behavior of the powertrain and permit communication among its components. The model 
architecture is well-organized and self-descriptive, helping the user navigate easily and 
making it less prone to logical and syntax errors. Finally, the model results are communicated 
through an output file summarizing the main key performance indicators at the system level, 
in addition to detailed output files describing the different components’ behavior. 
 
EPA Response: Thank you for the comments; EPA agrees. 

B. Nonetheless, some assumptions at the component model and control levels are not clearly 
presented and require more clarification. These are discussed in more detail in question 2 in 
the responses to the charge questions. 
 
EPA Response: Controls and components for the electrified models were based on the 
operation of specific popular and well-performing vehicles in the fleet (for example, the P2 
model was based on a Hyundai Sonata). The engine control strategy in ALPHA demonstrates 
a good match with test data from these vehicles. Although we recognize there are a wide 
variety of operational strategies in the fleet, we believe our approach produces energy and 
fuel consumption results that are reasonably representative of a wide swath of the present 
and future fleets. 

C. Finally, the provided documentation falls short of what would have been needed to develop a 
high-level understanding of the model structure and its input-output framework. The lack of 
proper documentation forces the user to dig deep into the code and structure of the models 
to understand the model’s inner workings. While it is understood that such documentation is 
not meant for commercial use, a more organized summary of some critical assumptions 
would have been appreciated. This also renders more transparency to the overall data-
driven modeling approach. 
 
EPA Response: EPA agrees documentation for ALPHA could always be improved and will 
continue work to do so. Descriptions of the electrified vehicle architectures modeled will be 
included in our Regulatory Impact Analysis and the validation of these models will be 
described in a future SAE paper.  As these materials develop, we will also add more to the 
ALPHA documentation to describe how the variables get passed into and out of Simulink for 
the actual simulations.
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Appendix A: Comments by Reviewer (Unedited) 
Comments by Sujit Das 

CHARGE QUESTION COMMENTS 

1. Does EPA’s overall approach to the stated 
purpose of the model (demonstrate 
technology effectiveness for various fuel 
economy improvement technologies) and 
attributes embody that purpose? 

Four major types of electrified vehicles have been considered in ALPHA and it is 
appropriate that the ALPHA simulations of two most important vehicle types (i.e., BEV 
and PowerSplit HEV) in the near-term have been selected for the peer review. Of the 
electrified vehicles, U.S. DOE/EIA projects new BEV sales increase faster than any other 
type of battery-powered vehicles, both electric hybrid and 300-mille electric vehicles 
reaching at ~ 1.2 million/year and both BEVs and PHEVs combined would account for 
13% of total LDV sales in 2050, according to the AEO2022 reference case. 

As ALPHA model has been primarily created to evaluate the GHG emissions of ICE 
Light-Duty vehicles, it is less appropriate to evaluate alternative pure EV technologies. 
It is also to include other specific electric vehicle types, i.e., sedan, SUV, CUV, and 
pickup in the future model updates. 

2. What is the appropriateness and 
completeness of the overall model structure 
and its components, such as: 

o The breadth of component 
models/technologies compared to 
the current/future light-duty fleet 

o The performance of each 
component model, including the 
reviewer’s assessment of the 
underlying equations and/or physical 
principles coded into that 
component. 

o The input and output structures and 
how they interface with the model to 
obtain the expected result, i.e., 

ALPHA model is fairly straight forward tool only for an experienced MATLAB user for 
understanding vehicle behavior, greenhouse gas emissions and the effectiveness of 
various powertrain technologies of current and future vehicles by appropriately 
changing input values in five major vehicle parameter files. Parameter files are 
organized at the level of five major EV components, i.e., Base (Driver and Controls), 
Vehicle, Electrical, Accessory, and Transmission for running a desired EV technology. 
Battery and the electric machine are a part of the Electrical component. The ALPHA 
model is currently limited to CO2 emissions for five different EPA driving cycles 
including custom driving cycles based on test fuel properties and vehicle fuel 
consumption.  

An assessment of the underlying model equations and/or physical principles couldn’t 
be made as they were limited to the original Simulink code without any appropriate 
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CHARGE QUESTION COMMENTS 

fuel/energy consumption and CO2 
over the given driving cycles. 

o The use of default or dynamically 
generated values to create reasonable 
models from limited data sets. 

model documentation available including the limited peer review time. ALPHA model 
0.2.0 documentation is an excellent resource for a MATLAB model user in terms of the 
contents of various files, but no description of types of equations including the source 
and validation of the equation parameter values used. A Data Dictionary of variables 
used in the model would be useful for better understanding of a novice user. 

The model is completely input data driven, which need to be collected by either 
engine or chassis dynamometer testing by specific vehicle system technology case. 
The model application is thereby limited to the extent of validated data availability. 
The overall model performance is dictated by calibration of numerous technology-
specific parameters used to determine final vehicle fuel economy and CO2 emissions 
for various vehicle drive cycles.  

The input structure is defined by five major component MATLAB files, in which the 
input parameter values can be changed for the simulation of new technologies. The 
expected results of fuel/energy consumption and CO2 over the given driving cycles for 
the two vehicle types reviewed were reasonable. For PS HEV HWFET drive cycle, CO2 
emissions was estimated to be 4%-21% higher than for the UDDS cycle. 

The use of default or dynamically generated values could only be assessed by the final 
summary output results. A documentation on the approach and the sources used for 
the input parameter values would be useful for the model user to develop or any new 
technologies.  

3.  Does the ALPHA model use good 
engineering judgement to ensure robust and 
expeditious program execution? 

The ALPHA model is a MATLAB/Simulink based full vehicle computer simulation model 
capable of analyzing various vehicle types combined with different powertrain 
technologies. Although both current and future advanced vehicle technologies can be 
explored by defining appropriate parameters in five major EV component files but 
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CHARGE QUESTION COMMENTS 

requires a fairly knowledgeable of the specific MATLAB version (e.g., 2022a for the 
review version) to ensure robust and expeditious program execution. 

A specific simulation runtime is significantly high, more than 10 mins. without providing 
any indication to the user progress made so far. A user-friendly front end useful for an 
expeditious sensitivity analysis of key input parameters. 

4. Does the ALPHA model generate clear, 
complete, and accurate output/results (CO2 
emissions or fuel efficiency output file)? 

The output Excel file is fairly simple with summary results of fuel economy (MPGe and 
Whr/mile). Fuel efficiency output file is detailed and clear with both Phase and 
Weighted aggregate results of energy economy, efficiency, and consumption by drive 
cycles. Energy Audit report by the drive cycle is fairly detailed in terms of energy 
balance at the gross level and by major EV components. 

Energy consumed by Accessories has been accounted as the sum of Generic and 
DCDC Converter Losses. Fuel consumed (grams and gallons) including CO2 emissions 
for conventional vehicles are reported under Phase Results by drive cycles.  

The simulated AC usage in UDDS and HWFET drive cycle results of a 2019 Tesla Model 
S Standard Range compared well (within less than 2%) with EPA certification values.   

5. Do you have any recommendations for 
specific improvements to the functioning or 
the quality of the outputs of the model? 

Detailed sixty complementary graphical output files as a function of drive cycle time to 
the three summary output files provided would have useful for the evaluation of the 
model functioning. Unless an expert MATLAB/Simulink user, it is not intuitive to track 
down the logical flow of summary final results from its initial parameter values used in 
underlying equations. 
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ADDITIONAL OVERALL COMMENTS PROVIDED (NOT CHARGE QUESTION-SPECIFIC): 

A different detailed simulation model primarily for electrified vehicles needs to be developed with a focus on life cycle CO2 emissions 
instead of tailpipe emissions simulated by ALPHA. 

Any comparative analysis with the similar forward-looking, full vehicle computer simulation model such as AUTONOMIE used by U.S. 
Department of Energy will be useful towards the model validation.  

It is critical that the level of accuracy of vehicle performance results obtained from a simplistic model such as ALPHA be frequently 
demonstrated and documented to meet the stringent requirements of any Federal regulation such as CAFE in this case. 
ADDITIONAL COMMENTS BY SPECIFIC ELECTRIFIED VEHICLE MODEL 
N/A 
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Comments by Dr. Shawn Midlam Mohler  

CHARGE QUESTION COMMENTS 

1. Does EPA’s overall approach to the stated 
purpose of the model (demonstrate 
technology effectiveness for various fuel 
economy improvement technologies) and 
attributes embody that purpose? 

The scope of the review is focused mainly on the BEV model and the PowerSplit HEV 
model with a secondary focus on the Strong P2 HEV and the Mild P0 HEV model.  In 
all of these cases, the modeling approach is able to meet the goal of modeling 
energy consumption.  I have concerns about the current state of the model with 
some concerns about how the control algorithms are implemented. 

A main concerns is regarding the likely adoption of this model or the utility for the 
intended purpose given the observation that:  a) this class of model is already in the 
market; and b) the vehicles that this model focuses on (BEV, PowerSplit HEV, etc.) 
are available from many OEMs and, thus, there performance across many different 
vehicle classes is well-understood.   

The modeling approach used is typical to that used in industry and academia, thus, it 
is appropriate.  However, the approach also does not lend itself to easy adoption 
outside of expert users.  In general, people with sufficient expertise to modify this 
type of model and yield reasonable results likely already have existing models 
available to them.  One of the stated goals is that ALPHA will gain wide acceptance in 
the light-duty vehicle automotive community, and I do not feel that is likely to occur 
in the current implementation. 

The model approach is very similar to that used in Autonomie which has the benefit 
of many years of development.  A main feature in Autonomie that distinguishes it 
from ALPHA is the availability of a GUI for model creation, modification, and data 
analysis for users to exercises models.  The ability to scale component models via a 
GUI, queue up different drive cycles, adjust control parameters, etc. seem to make it 
better suited for the intended purpose.  Autonomie also has a more robust library of 
component options as well as more robust control algorithms. 
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CHARGE QUESTION COMMENTS 

Because of the availability of tools like Autonomie, in-house tools, commercial tools 
like AVL Cruise, and even example models provided within MATLAB, it is unclear how 
ALPHA in its current form will meet the objectives.  To be very clear, the technical 
approach of ALPHA seems to be sound.  My concerns are that it is not providing a 
solution that is not already in the market with more established products. 

Furthermore, the marketplace now has a wide variety of electrified vehicles available 
and there is data associated with these vehicles in the public domain.  Organizations 
have access to this data from their own vehicles as well as competitor assessments.  
From a planning perspective, it is not clear what a model like this is able to provide.  
In the area of BEVs, the increasing offering from many OEMs gives us the ability to 
reliably estimate things like range and energy consumption based on actual vehicle 
data.   

The core energy consumption of the energy storage system and traction motors 
which ALPHA focuses on is quite well understood and apparent from test data that is 
in the public domain via certification requirements.  Aspects like HVAC load, battery 
cooling during fast charging, etc. which are areas which are more challenging which 
can significantly impact real-world energy usage and range are not well modeled in 
ALPHA or most models.   

None of the above should be taken as a comment on the modeling approach or skills 
of the developers.  The approach seems to be typical of the class of models that 
others have deployed for this purpose.  The main concern is if ALPHA will serve the 
intended purpose in terms of being impactful in the technical community.  Given the 
availability of public domain data on these vehicles, the availability of internal data 
on their own vehicles to OEMs, the availability of competitor assessments, and the 
availability of other simulation products capable of the same type of analysis it is not 
clear how widely this tool will be used. 
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CHARGE QUESTION COMMENTS 

2. What is the appropriateness and 
completeness of the overall model structure 
and its components, such as: 

o The breadth of component 
models/technologies compared to 
the current/future light-duty fleet 

o The performance of each 
component model, including the 
reviewer’s assessment of the 
underlying equations and/or physical 
principles coded into that 
component. 

o The input and output structures and 
how they interface with the model to 
obtain the expected result, i.e., 
fuel/energy consumption and CO2 
over the given driving cycles. 

o The use of default or dynamically 
generated values to create 
reasonable models from limited data 
sets. 

The breadth of component models/technologies compared to the current/future 
light-duty fleet: 

Overall, the model has the overall systems that one would expect for the stated goal.  
Given the importance of HVAC and battery thermal management to BEV and PHEV 
platforms, this is one area that is not well-developed in the model.  The mechanical 
and electrical accessories are divided into four submodels, generic loss, power 
steering, air conditioning, and fan loss.  In the BEV model, there was no energy usage 
associated with the engine fan, power steering, or air conditioning system.  This 
could indeed be the case; however, the modeling approach is map-based and would 
require this information to be specified by the user.  Given that the loads from these 
systems can cause significant reductions in in-use energy efficiency, higher fidelity 
of these models would certainly add to the capability of the model. 

The control models deployed in the models reviewed also poses a challenge.  As with 
any model of this class, a controller is necessary to manage the torque split and gear 
as well as other important vehicle functions.  The quality of the control algorithm can 
have a major impact on the efficiency of the simulated vehicle – a great vehicle 
component design with a marginal control algorithm/calibration will perform 
marginally.  There are optimization techniques that have been applied to this class of 
models to allow a more refined control to be deployed without excessive calibration 
by the user. 

The control algorithm used for the Power Split vehicle was inspected which is in the 
PS_control.m function.  The “working” part of the code consists of less than 100 lines 
of code and is what one would refer to as rule-based for the most part.  There are 
comments included that say “% ::What is this?” and “% ???” which I can understand 
as a person who has done these things before – but also does not lend confidence in 
the maturity of the control algorithm provided.  Given the importance of control 
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CHARGE QUESTION COMMENTS 

algorithms for predicting the efficiency of vehicles it is critical that these be 
matured. 

The performance of each component model, including the reviewer’s 
assessment of the underlying equations and/or physical principles coded into 
that component. 

Overall, this is more or less an implementation of a force balance on the vehicle.  The 
components are modeled via maps and the basic relationships between the 
components.  No errors were noted in the summation of torques/forces that acted 
on the vehicle inertia.  A model of this class relies on appropriate component maps 
and appropriate controls.  Without a more rigorous look at these with comparison 
data it is not possible to provide a full assessment of this.  

When inspecting the driver commands (brake and accelerator) and high-level 
control inputs like gear shifts and torque commands, I did not find anything of 
concern.  Depending on the underlying control algorithm and driver model, there can 
sometimes be high-frequency behaviors on these signals that are not representative 
of actual vehicle controls or driver behaviors.  This was not noted in the model 
outputs reviewed. 

I was not able to find much documentation on the actual models used outside of the 
overall vehicle mass and loss model.  This made it challenging to review the modeling 
approach as it needed to be interpreted from the model and input/output. 

The input and output structures and how they interface with the model to obtain 
the expected result, i.e., fuel/energy consumption and CO2 over the given driving 
cycles. 

I provided very detailed comments on the output in response to the fourth Charge 
Question below.  In this discussion, I will focus on the input structures.  In the demo 
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CHARGE QUESTION COMMENTS 

files provided, the input structure was clearly defined and using variants in the model 
appropriate subsystems were enabled. 

It was not clear to me if there was scaling that could be applied in the input structure 
– there did not appear to be.  That is one aspect that is generally quite useful to be 
able to slightly adjust component sizes without having to generate new component 
data files.  

The use of default or dynamically generated values to create reasonable models 
from limited data sets. 

Compared to more mature projects like Autonomie, there are not many options.  The 
capability is there, but I did not locate any library of models or the ability to scale 
them.  Likewise, the control algorithms were very likely highly specific to the 
particular set of components they were calibrated to work with.  I was not able to 
locate documentation on the nature of the controls but after inspecting the model 
and the input files it seemed to be very calibration-based.   

3.  Does the ALPHA model use good 
engineering judgement to ensure robust 
and expeditious program execution? 

Overall, the modeling approach used seems appropriate to the technical goals.  The 
fidelity selected provides fast execution. This does have drawbacks as it is heavily 
reliant on experimental maps as input.  As outlined in a previous comment, the use of 
relatively simple control algorithms rather than techniques that have some manner 
of optimal control is a weakness.  Adding this could result in slower execution time, 
however, it would likely result in better results with less overall run time for the user 
as it would require less runs to calibrate and adjust the control. 

4. Does the ALPHA model generate clear, 
complete, and accurate output/results 
(CO2 emissions or fuel efficiency output 
file)? 

For this charge question, the output will be considered the log file, the console 
output file, the results file, and the figures that are generated from the model run. 
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CHARGE QUESTION COMMENTS 

Clear Output/Results: 

Log File:  Overall, this was reasonably well organized.  See comments below on some 
items that led to some confusion. 

Console Output:  This was clear. Given the tabular nature of the data, it would be 
helpful to output this as a .csv or use the Report Generator capability in MATLAB to 
give it structure as a pdf.  I can see users having to do cutting and pasting to use this 
data for whatever their purpose was. 

Results File:  This was clear, but the horizontal format is not what I would have 
preferred.  It seems like it would be more readable as a .csv in a spreadsheet app if it 
were arranged vertically.   

Figures:  Many of the figures did not contain proper units for some of the axes. I was 
able to infer the likely units but that is clearly not good practice. Given that the 
figures are only generated upon run, I would have appreciated them being saved or, 
at a minimum, written into a pdf file and logged with the above files. 

Complete Output/Results: 

Log File:  The log files that I inspected did not seem to fully be populated with data or 
I may have been misunderstanding the intent.  In the “Configuration Keys” section 
there were many entries without values, for instance the A, B, and C coefficients did 
not list values.  I expected these to be the values that were used to generate the 
results.  There were many other areas where this was the case. 

Console Output:  The console output contained a good summary of overall cycle 
energy flows. 

Results File:  The results file contains an effective summary of each cycle and the 
overall composite of the cycles run from an energy perspective. 
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CHARGE QUESTION COMMENTS 

Figures:  The set of figures shown was satisfactory.  Obviously, a person can generate 
their own.  A concern is that I did not see that the data from a simulation was logged.  
I would prefer to have that option to avoid having to rerun a simulation.  I was able to 
locate the time series output in the “model_data” structure.  I assumed that this was 
the model parameters based on the “data” label – instead it was the output.  I think 
“model_output” would have been a more appropriate name or something even more 
descriptive. 

Accurate Output/Results: 

Overall, the accuracy is difficult to assess because the models provided are only 
representative of classes of vehicles and no direct comparison data is provided. 
Upon request by the reviewers, the EPA provided simulation results that were 
representative for a 2019 production EV.  The results cycle-based results agreed 
very well with the experimental results provided.  This demonstrates that it can 
generate valid results. 

Overall, the modeling approach is known to be able to predict cycle energy usage 
well under nominal conditions.  Additional factors like HVAC loads and cold/hot 
weather performance can be challenging to model with the current fidelity of the 
models.  I do not feel that is something that the model is expected to be able to do 
at this point, so this compromise is understood.  To bring those factors into the 
model, additional systems need to be directly modeled or the resulting loads on the 
system need to be brought in via the existing accessory load and efficiency models.  
This typically requires detailed information on components/controls and/or 
experimental data that is often not easily obtained outside of OEMs. 

Additional Comments/Questions: 
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CHARGE QUESTION COMMENTS 

It was not clear to me if there is a warning issued if the drive trace is violated.  If not, 
this would need to be added because results when this occurs may not be valid. 

It was not clear to me if there is a correction for SOC variation for non-plug-in 
hybrids. 

It was not clear to me in the structure of the model if the translational mass of the 
rotational components were factored appropriately.  There was some discussion of 
this in the manual but without having time to really investigate this I could not be 
certain.  I noted how the rotational inertia was carried forward in the model to be 
added into the overall mass where the vehicle inertial integrators were.   

In reviewing the model_data variable, I noted that the model_data.controls part of 
the structure was not populated with data.  There were variables there in the EV and 
PS model, but they did not contain data vectors. 

5. Do you have any recommendations for 
specific improvements to the 
functioning or the quality of the outputs 
of the model? 

I provided some specific recommendations in the above section.  I do not have any 
additional comments to provide. 

ADDITIONAL OVERALL COMMENTS PROVIDED (NOT CHARGE QUESTION-SPECIFIC): 

In browsing the model documentation, it was very heavy on the programming structure of the model and very light on the actual 
modeling approach.  For instance, the only model that seemed to describe in any detail was the vehicle loss and inertia model.  There was 
very little insight provided into other plant models or the control models.  For others to adopt this methodology, these details need to be 
readily available to users.  As it is now, a potential user is left to interpret the intent of the model from the structure of the code.  This is 
possible, but it leaves lots of questions and for it to be widely adopted would need to have more information provided. 

ADDITIONAL COMMENTS BY SPECIFIC ELECTRIFIED VEHICLE MODEL: 

There are no additional comments beyond what has already been provided. 
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Comments by ICCT 

CHARGE QUESTION COMMENTS 

1. Does EPA’s overall approach to the stated 
purpose of the model (demonstrate 
technology effectiveness for various fuel 
economy improvement technologies) and 
attributes embody that purpose? 

The proposed model looks comprehensive and of high fidelity enough to serve its 
purpose of quantifying the fuel economy, energy efficiency, and CO2 emissions of 
different powertrain typologies under a variety of operating conditions for several 
technology choices. 

The main issue that needs clarification at this stage is the powertrain 
components’ sizing and scaling approach. The process seems to be technology 
agnostic. For example, in the case of electric motor-generator scaling, the model 
appears to rely on one electric motor data-driven model reflecting a specific 
motor technology. We are not sure if this is only the case for the shared demo 
version of the tool and if the complete ALPHA model already includes several 
components’ technologies. If that is the case, please disregard this comment. 

While the model is clear regarding technology choices focusing on hybrid-electric 
and pure- electric powertrains, it remains unclear why fuel-cell powertrains are 
excluded from the model. 

2. What is the appropriateness and completeness 
of the overall model structure and its 
components, such as: 

o The breadth of component 
models/technologies compared to the 
current/future light-duty fleet 

o The performance of each component 
model, including the reviewer’s 
assessment of the underlying equations 
and/or physical principles coded into 
that component. 

o The input and output structures and 
how they interface with the model to 

The breadth of component models/technologies compared to the 
current/future light-duty fleet. 

The different technology and modeling choices are all reasonable. Special 
attention has been given to the hybrid powertrain controllers, one of the main fuel 
economy drivers. 

The P2-PHEV controller, as an example, seems to utilize a charge-depleting 
charge-sustaining strategy depending on the battery state-of-charge (SoC) and 
the physical constraints of the different energy conversion devices. During the 
charge-sustaining mode, the algorithm seems to try to operate the engine at its 
minimum BSFC line as much as possible. Assuming that this is the only modeled 
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CHARGE QUESTION COMMENTS 

obtain the expected result, i.e., 
fuel/energy consumption and CO2 over 
the given driving cycles. 

o The use of default or dynamically 
generated values to create reasonable 
models from limited data sets. 

control strategy, the question here is about the representativeness of this control 
strategy. 

Other more complex and efficient controllers, such as the ECMS (equivalent 
consumption minimizing strategy) based on Pontryagin’s Maximum Principal 
optimization techniques, can reduce total fuel and energy consumption, and 
several vehicle manufacturers have considered it. While on the other hand, other 
simpler heuristics rule-based controllers can also be implemented. In addition, 
the domain of hybrid vehicle controllers has been going beyond the traditional 
optimization-based or rule-based methods as more advanced neural network- 
and machine learning-based control strategies are under continuous 
development. So, the question here is mainly about the representativeness of the 
adopted control strategy. 

In the generated results file in MATLAB workspace, there is a mention of a 
“s_factor,” which seems drive cycle dependent. It is unclear why this factor is 
defined and how it is used in the model. This question is raised here as the 
“s_factor” is a common notion in the academic literature regarding hybrid 
vehicles’ control strategies which is defined as a conversion factor between fuel 
energy and battery energy. 

The performance of each component model, including the reviewer’s 
assessment of the underlying equations and/or physical principles coded into 
that component. 

The battery model is a resistance-capacitance (RC) equivalent circuit model that 
captures the dynamic battery voltage drop as a function of the battery's main 
state variables, such as SoC and temperature. RC equivalent circuit models are 
proven to be robust models and widely used in battery modeling for vehicle 
energy assessment. The battery model also includes a thermal sub-model where 
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CHARGE QUESTION COMMENTS 

the battery temperature and different heat transfer phenomena are estimated. 
The battery's internal heat generation due to the exothermic chemical reactions is 
well presented. The battery heat exchange with its surroundings, either with the 
ambient or the cooling system, seemed to be simplified in a single parameter: the 
battery pack’s total conductance. It is unclear to us what battery cooling 
technologies are considered and to what extent this approach can consider 
different cooling techniques, such as active/passive air or liquid cooling. While this 
issue might not be a game changer in hybrid powertrains, the battery 
temperature is more critical on pure electric powertrains, given the size of the 
battery, which would affect the battery performance and total energy 
consumption. In addition, the battery efficiency seems to be quite high (96.9% on 
UDDS_1, 97.7% on UDDS_2, 98.7% on highway cycle, 91.8% on US06_1, 97.3% on 
US06_2). 

The electric machine model is mainly data-driven, summarized in dynamic look-
up tables focusing on the maximum torque curves and energy conversion 
efficiency. It is unclear whether the model differentiates between continuous and 
peak torque. The electric machine losses seem to be quite high (23% on UDDS_1, 
29% on UDDS_2, 15% on highway cycle, 26% on US06_1, 14% on US06_2). It is not 
clear if these are losses during both propulsion and regenerative braking modes. 

The different transmission systems and the engine are developed with high 
fidelity. The gear- shifting strategy behaved as expected for some sample runs. 
The transmission system model is highly complex, which raises the concern of 
data availability for model calibration for different vehicles. 

The powertrain auxiliaries, such as the air conditioning (AC) unit, fan, pump, and 
other electric auxiliaries, seemed to be modeled simply as constant power 
demand from the battery or torque demand from the engine. While this 
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CHARGE QUESTION COMMENTS 

simplification is acceptable for most auxiliaries, such an approach can 
misestimate the AC/heating unit energy consumption, which is highly sensitive to 
dynamic operating conditions such as external temperature and trip duration. 
Detailed vehicle cabin thermal and AC/heating models would enhance the model 
capabilities to model the AC energy consumption providing a more accurate 
estimation of the vehicle’s fuel economy/energy efficiency. Although the user can 
still input different auxiliary consumption in kW to mimic additional heating and 
cooling needs, quantifying such metric is a complex process that may incur 
inaccuracies. Thus, modeling such behavior is quite essential. 

The academic literature has grown rich recently with modeling techniques to 
integrate vehicle powertrain and vehicle cabin thermal modeling into a single 
platform. Some examples of such literature are: 

- Marcosa, D., Pinob, F.J, Bordonsa, C., Guerrab, J.J., “The development and 
validation of  a thermal model for the cabin of a vehicle” Applied Thermal 
Engineering, https://doi.org/10.1016/j.applthermaleng.2014.02.054.  

- Doyle, A., Muneer, T., “Energy consumption and modeling of the climate 
control system in the electric vehicle”. Energy Exploration & Exploitation, 
https://doi.org/10.1177/01445987188064.  

Regarding the drive cycles, it appears that the US06 drive cycle is split into two 
phases, with the first phase incorporating the hard accelerations and the second 
phase incorporating the high speeds. We recommend adding a combined US06 
audit. 

The input and output structures and how they interface with the model to 
obtain the expected result, i.e., fuel/energy consumption and CO2 over the 
given driving cycles. 

https://doi.org/10.1016/j.applthermaleng.2014.02.054
https://doi.org/10.1177/01445987188064
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CHARGE QUESTION COMMENTS 

The output file structure looks appropriate and complete. The model, however, 
lacks a master input file where the user can easily visualize all inputs. While this is 
understandable for a non-commercial model, a master input file would ease 
model validation and allow the user to conduct parametric studies more easily, 
which would help provide a more solid idea of the entire model's robustness. 

The use of default or dynamically generated values to create reasonable 
models from limited data sets. 

While a data-driven modeling approach is reasonable for vehicle fuel economy 
estimation, a significant amount of data must be collected or provided to 
parametrize the model correctly. Engine test benches and vehicle chassis 
dynamometers are well-developed standard practices for data collection for 
conventional powertrain technologies. However, it is unclear how data for 
batteries and electric machines were developed and the extent to which such 
data collection methods are well developed. While this review covers the 
modeling approach in general, clarifying the electric components' data collection 
approaches via proper documentation is essential for the user to understand the 
potential limitations of the model. 

3.  Does the ALPHA model use good 
engineering judgement to ensure robust 
and expeditious program execution? 

It is not possible to provide a solid opinion about engineering judgment and model 
robustness without a thorough comparison between simulation results and real-
world testing data at the component level and vehicle level. The peer reviewers 
asked EPA if ALPHA has been validated against real-world results. EPA answered 
that each sub-model had been thoroughly validated against data collected from 
vehicle dynamometer testing internally and externally, where the tested vehicle 
behavior was reproduced with the model. The general approach of the model 
validation process, as shared by EPA, sounds reasonable and comprehensive. The 
modeling run demos provided by EPA demonstrate good agreement between 
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CHARGE QUESTION COMMENTS 

simulation results and real-world data, but a more robust assessment is beyond 
the scope of our review. 

One important point to mention is the impact of the simulation step size on the 
simulation error. While it is understood that a smaller step size would yield a lower 
error at the expense of higher computation resources, it is unclear how the 
simulation step size is set and what simulation error is considered acceptable. 

4. Does the ALPHA model generate clear, 
complete, and accurate output/results 
(CO2 emissions or fuel efficiency output 
file)? 

The ALPHA model generates automatic plots describing the physical behavior of 
the main powertrain components, in addition to a console text file summarizing 
the energy consumption, fuel economy, and CO2 emissions. We recommend the 
following to make the results file more readable: 

- The accessory's energy consumption doesn’t show the share of each 
component (fan, AC, pump, etc.). These are aggregated under one value. 
Although the generated results files contain placeholders for these 
accessories, they show a value of zero. 

- There is no mention of the battery's thermal needs as an accessory 
consumption. Is battery cooling/heating consumption considered part of 
the battery losses? It is worth documenting how the model handles 
battery thermal needs. 

- The results file mentions “kinetic energy” as a potential energy source in 
addition to fuel and stored energy. It is unclear whether this refers to 
brake energy recovery or another indicator. 

- The fuel energy could be further detailed into direct flow to the driveline 
or energy flow from the engine to the battery, depending on the 
powertrain architecture. This can provide a clearer idea of the control 
strategy under different drive cycles, operating conditions, and system 
boundary conditions. 
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CHARGE QUESTION COMMENTS 

- In the model, it is mentioned that the final drive efficiency is already 
included in the electric drive unit. This is probably why the final drive 
losses are always set to zero in the results report. However, the final drive 
is separate from the electric motor, and combining their efficiencies limits 
the model's flexibility. We recommend fixing this issue. 

5. Do you have any recommendations for 
specific improvements to the functioning 
or the quality of the outputs of the model? 

- Hybrid and plug-in hybrid vehicles’ controllers (energy management 
strategy) are rigid and developed based on specific strategies and 
algorithms. Providing the option to simulate several hybrid control 
strategies as part of the batch simulation runs would be more 
comprehensive and may cover a broader range of vehicles. 

- A bottom-up approach is recommended to estimate the vehicle weight. 
Estimating the components’ weights and aggregating these weights to 
calculate the total vehicle weight can provide a more accurate estimation 
of the impact of different technology choices, especially different battery, 
and electric motor sizes. 

- A master input file can ease the execution of parametric studies and help 
validate the model's behavior and the component and system levels. 

- Improve the model documentation with explicit modeling assumptions, 
especially regarding hybrid controllers. 

- It is essential to provide insights into the representativeness of the core 
data used to develop these models. It is not entirely clear when these 
data were collected, how relevant they are today, and how relevant they 
will be in the long term. 
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ADDITIONAL OVERALL COMMENTS PROVIDED (NOT CHARGE QUESTION-SPECIFIC): 

The review process of the ALPHA model considered both the provided MATLAB/Simulink scripts and models and the accompanying 
documentation. Generally, the different battery-electric and hybrid powertrain models are developed based on solid methodologies that 
capture state-of- the-art technologies with proper modeling techniques. The modeling approach is thorough and presents a 
comprehensive energy analysis of the different powertrain physical domains, where the sub-systems’ interactions are clearly defined and 
well established. The core of the models mainly relies on a data-driven approach, where the physical behavior of the main powertrain 
components, such as the battery, electric machine, engines, etc., is captured using multidimensional data sets. This simplification is 
understandable at the powertrain system level, as simulating the dynamic physical behavior of every component would be beyond the 
scope of this model. 

The structure of the model is modular, allowing a standardized modeling and simulation environment for all powertrain technologies 
based on a common model core, as presented in the different libraries. The model includes a detailed set of controllers that dictate the 
behavior of the powertrain and permit communication among its components. The model architecture is well-organized and self-
descriptive, helping the user navigate easily and making it less prone to logical and syntax errors. Finally, the model results are 
communicated through an output file summarizing the main key performance indicators at the system level, in addition to detailed 
output files describing the different components' behavior. 

Nonetheless, some assumptions at the component model and control levels are not clearly presented and require more clarification. 
These are discussed in more detail in question 2 in the responses to the charge questions. 

Finally, the provided documentation falls short of what would have been needed to develop a high-level understanding of the model 
structure and its input-output framework. The lack of proper documentation forces the user to dig deep into the code and structure of 
the models to understand the model's inner workings. While it is understood that such documentation is not meant for commercial use, a 
more organized summary of some critical assumptions would have been appreciated. This also renders more transparency to the overall 
data-driven modeling approach. 

ADDITIONAL COMMENTS BY SPECIFIC ELECTRIFIED VEHICLE MODEL: 

N/A 
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Appendix B: Peer Reviews Curriculum Vitae (CV) 
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Shawn Midlam-Mohler 
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Appendix D: Notes from Mid-review Teleconference 
To: Jeff Cherry, TO COR, U.S. EPA 

From: Sam Pournazeri, Project Manager, ICF 

Date: October 6, 2022 

Re: 
Peer Reviewers’ Kick-off meeting for Task Order 68HERC22F0351 under Contract 
68HERC21D0016 for Peer Review of Electrified Vehicle Simulations within EPA’s ALPHA 
Model 

 

Meeting Date/Location  
• Date: Thursday, October 6, 2022 

• Location: Virtual using Microsoft Teams 

Meeting Participants: 
• Jeff Cherry, EPA, TO COR 

• Brian Olson, EPA, Alternative TO COR 

• Sam Pournazeri, ICF, Project Manager for the peer review 

• Ramon Molina Garcia, ICF, Support staff for the peer review 

• Oscar Delgado, Ph.D., International Council of Clean Transportation 

• Shawn Midlam-Mohler, Ph.D., Professor, Ohio State University 

• Sujit Das, Principal Engineer, Strategic Analysis Inc. 

Meeting Minutes: 
• Sam Pournazeri from ICF kicked off the meeting with a brief introduction 

• Ramon Molina Garcia from ICF provided a slide presentation (appendix A) walking the peer 
reviewers through the process, charge questions, and timeline 

• ICF, EPA staff, and peer reviewer panel introduced themselves.  

• Jeff Cherry from EPA provided an overview of the model and gave some guidance to peer 
reviewers on the purpose of charge questions and that EPA is looking for peer reviewers to 
look at different aspects of the model.  

• Peer reviewers asked a couple of questions regarding the areas where they should focus on. 

• Sujit Das asked whether there is any other technical documentation aside from the one 
provided that shed light on the logics behind the model simulations where he can look and 
comment. He was concerned that the existing documentation mainly describes the codes 
and not the logic 

• Jeff responded that there are several links provided under the Readme file that might be 
helpful and that the PDF documentation included in the zip folder should have sufficient 
information for the peer reviewers to comment on.  
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• Shawn Midlam-Mohler asked if there are more information available on some 
verification/validation data associated with the model and sub-models that are included in 
demo runs. 

• Jeff recommended Shawn to send his questions through an email to ICF and for EPA to 
respond to them.  

• Oscar Delgado from ICCT also asked whether EPA has validated the ALPHA tool results 
against real-world data or other commercially available vehicle simulation tools?  

• Jeff recommended Oscar to send his questions through an email to ICF and for EPA to 
respond to them.  

• Ramon continued the presentation by going over the materials provided, expected 
deliverables, and the timeline.  

• At the end Sam mentioned that ICCT may need some extension on the peer review and Jeff 
confirmed that it is fine. Later after the meeting, Oscar mentioned that they will make sure to 
get their feedback back to ICF by October 28 

• Both Shawn and Oscar submitted their questions through email, and Ramon forwarded those 
to EPA.  

Next Steps: 
• ICF will compile the reports from peer reviewers and submit those “as is” to EPA by 

November 2.  

• ICF will prepare a technical process memo that describes how peer reviewers were selected, 
the process that ICF took to administer the peer review, and how the peer review was 
concluded. As part of this memo, ICF also include the unedited peer review comments and 
responses into a tabular format, with two columns as described above so that the individual 
comments may be easily grouped and compared for review purposes. 

• Upon receiving the peer review reports from all reviewers, ICF will also start drafting the final 
report and deliver it to EPA two weeks after receipt of peer reviewers’ comments.  
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ICF Slide Presentation 
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Appendix E: Peer Reviewer Selection Memo 
To: Jeff Cherry, TO COR, U.S. EPA 
From: Sam Pournazeri, Project Manager, ICF 
Date: July 1, 2022 
Re: Task Order 68HERC22F0351 - Peer Reviewer Selection 

 

Under Task Order 68HERC22R0170, ICF is coordinating an independent peer review of the Electrified 
Vehicle Simulations within EPA’s ALPHA Model on behalf of the U.S. Environmental Protection Agency 
Office of Transportation and Air Quality (EPA OTAQ). 

To assemble the panel of three independent peer reviewers, ICF reviewed a pool of subject matter 
experts both suggested by EPA OTAQ and identified by ICF through independent research. ICF first 
assessed the experts’ availability to perform the peer review within the timeline agreed upon with 
the EPA Contracting Officer Representatives (COR). After that, ICF reviewed curriculum vitae and 
other relevant work to select peer reviewers that represent a combined expertise that cover, at a 
minimum: understanding of vehicle technology packages including battery technology, hybrid and 
electric powertrains, e-motors, transmission systems (e.g., shift strategy), and vehicle accessories as 
well as engine fuel consumption map, and vehicle behavior. 

While all candidates were highly qualified to act as peer reviewers, ICF sought to select candidates 
that can bring diverse and complementary perspective to the peer review process. ICF also 
evaluated actual or apparent conflicts of interest that would preclude an independent review, in 
accordance with the EPA Peer Review Handbook Sections 3.4.5 and 3.4.6. To the best of ICF’s 
knowledge, no conflicts of interest were found for the proposed peer reviewers in our preliminary 
research but will finalize the COI evaluation as part of the contracting process. This peer review 
selection memorandum presents ICF’s initial selection of three proposed reviewers.  

Upon the selection of the peer reviewers, ICF shared the qualifications and resume for each 
proposed peer reviewer with EPA to discuss the strengths that each peer reviewer will bring into this 
project. Upon discussion with TO COR, ICF finalized the list of peer reviewers.  

Peer Reviewer Selection Process 
ICF first compiled a set of suggested peer reviewers for the report. This list was based on both EPA’s 
initial recommendations and ICF’s suggestions for additional potential reviewers. twelve candidates 
(five selected by EPA and seven identified by ICF) were considered. ICF also prioritized peer 
reviewers based on the relevance of their background and experience with the topic of the report. 
Through an initial contact with the selected peer reviewers, ICF assessed each potential reviewer’s 
ability to perform the work during the period of performance and to identify any association they 
have with the work that would preclude them from being objective. ICF contacted and 
communicated with all candidates by e-mail.  

In our outreach we identified ourselves as independent contract employees and provided initial 
information on ALPHA model, including the newly added electric vehicle model and the expected 
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time commitment to exercising the model. We asked the potential reviewers to assess their 
availability for this study and for their hourly rate. We also collected a curriculum vitae for each peer 
reviewer that expressed availability and interest in participating.  

List of Peer Reviewers 

   

   

   

 
Linda M. Miller 

Ex. Manufacturing Director, Powertrain 
Operations, Ford Motor Co. 

 
Dan Meszler 

Principal Researcher at MES 

 
John M. German 

Senior Fellow for International 
Council on Clean Transportation 
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Final List of Peer Reviewers 
Upon completion of the initial contact, the top three peer reviewers selected for this project agreed 
to participate in this peer review process. The rest of the peer reviewer candidates were either not 
available, not interested (e.g., retired), or had concerns with the limited time allocated for the review 
(i.e., 20 hours). The resumes for the three selected candidates were collected and shared with U.S. 
EPA TO COR. Upon approval from U.S. EPA TO COR, ICF initiated the subcontracting process with the 
selected peer reviewers. Below is the final list of the peer reviewers that will serve on this task order.  

The three selected peer reviewers (including the ICCT team) provide a diverse combination of 
expertise in evaluating the ALPHA model. Sujit Das, with 37 years of experience in energy efficiency 
research, has served as the peer reviewer of the ALPHA model back in 2016, and has published 
articles related to powertrain design for advanced fuel vehicle technologies. Shawn Midlam-Mohler is 
a Professor of Mechanical Engineering at Ohio State University, with expertise in engine selection, 
modeling, and control development for an extended range electric vehicles as well as vehicle 
simulations and powertrain optimization. Oscar Delgado and ICCT team also brings in years of 
experience in modeling advanced technologies and developing tools to support Global commercial 
fleets in their transition to zero-emission vehicles.  

 
** Note that while Oscar Delgado will be our point-of-contact, ICCT has decided to review the model as a team (Oscar 
Delgado, John German, Hussein Basma).  
 
 

 

** 
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