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Executive Summary 

 

The National Highway Traffic Safety Administration competitively awarded a 
contract to Southwest Research Institute (SwRI) to conduct research in support of the 
next phase of Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and 
Vehicles. SwRI’s work focused on evaluating the effectiveness of potential engine and 
vehicle fuel savings technologies for Class 2b to 8 vehicles over a wide range of duty 
cycles. As part of this effort, SwRI engaged Tetra Tech, Inc. under subcontract to 
evaluate the costs of implementation, in constant 2011 U.S. dollars, of these 
technologies in the areas of incremental retail prices and life cycle cost elements. 

 
The Tetra Tech, Inc. work effort produced a cost analysis report that underwent 

independent peer review before final publication.[1]  The peer review was organized by 
a separate contractor, Eastern Research Group, Inc. (ERG), which provided six external 
reviewers for the report.  The cost analysis report completed the peer review process 
during the February to April 2015 timeframe, and was revised by the original authors in 
response to review comments. All details of the peer review such as the selection and 
conduction process, reviewer’s biographies, charge questions, and the raw comments 
received are documented in a final peer review report.[2]  

 
The authors of the cost analysis report separate the peer review comments and 

suggestions into discrete points, and then provide a response to each point along with a 
description of any changes made to the final report content.  The information in this 
report is organized in a tabular format.  Reviewer comments and suggestions are listed 
in the left hand column on each page and are “as received” with no edits or 
typographical corrections.  The report author’s responses, and a description of any 
changes made to the final report text are provided in the right side column.  Bold text in 
the left hand column represents either a question from the list of prompts provided to 
the peer reviewers, or it represents bold text used by the reviewers in their comments.  
Bold text in the right hand column represents changes (if any) that were made in 
response to reviewer comments.  Standard text in the right hand column provides the 
author’s explanation for any changes that were made. 
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Abbreviations 

A/C air conditioner 

AMT automated manual transmission 

APU auxiliary power unit 

ATI automated tire inflation 

BMEP brake mean effective pressure 

Cd drag coefficient 

Crr rolling resistance coefficient 

CARB California Air Resources Board 

D diesel 

DOT Department of Transportation 

ECM engine control module 

EGR exhaust gas recirculation 

EPA Environmental Protection Agency 

EV electric vehicle 

G gasoline 

GDI gasoline direct injection 

GHG greenhouse gas 

HD heavy-duty 

HEV hybrid electric vehicle 

ICF indirect cost factor 

LRR low rolling resistance 

MD medium-duty 

MY model year 

n/a not applicable 

NA naturally aspirated 

NAS National Academy of Sciences 

NHTSA National Highway Traffic Safety Administration 

NNI no net increase 

O&M operation and maintenance 

OEM original equipment manufacturer 
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OHC overhead camshaft 

OHV overhead valve 

PFI port fuel injection 

SCR selective catalytic reduction 

SwRI Southwest Research Institute 

TBD to be determined 

VMT vehicle miles traveled 

VVA variable valve actuation 

VVL variable valve lift 

VVT variable valve timing
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Reviewer Comments and Responses 

 

1. Bruce M. Belzowski 
 

Comment Response 
Overall, I admire this attempt to investigate the total costs 
involved in developing, manufacturing, and selling these new 
technologies. It is a difficult task because of the uncertainty 
surrounding the development of many of these technologies 
for the truck market.  

Estimating the prices/costs connected with direct costs, 
production overhead, corporate overhead, selling and dealer 
support, and net income is ambitious, and I commend the 
authors on tackling such a complex topic. The ways the authors 
use to try to account for all of these elements of the total costs 
analysis are very interesting. I wish I could comment on how to 
improve them, but this is outside my expertise. 

One area of concern has to do with the audience for this report. 
The report tries to simplify the complex analyses that were 
devised to generate estimates for each technology, but I think 
the resulting document still is difficult to understand. This is 
always a challenge for a technical report. How does one make 
the complex results understandable to the people who want to 
use the results for developing policy? One way is to summarize 
the results in an executive summary, especially since many 
people will not read the full text either because of time or 
because of its complexity. 

An Executive Summary 
was added. 
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Comment Response 
1.1• I do not know of any other potential sources for this 

data, but because many technologies are in the development 
stage, constant updating of their progress is needed in order 
for policy makers to make good decisions. We will see this 
during the mid-term assessment for light duty vehicle CAFE. 
The regulators meet with the manufacturers and suppliers 
frequently to discuss where they are in developing and 
marketing the technologies the industry said they would 
pursue over the next 10-15 years. And the regulators find 
that some new technologies that they didn’t expect to play a 
role are now in development. All this communication 
provides regulators important input that goes along with 
reports such as this one. It would be nice if the authors could 
easily update their models dynamically as new information 
becomes available or else the report will become dated. 

 

Methodology and source 
data are presented for 
transparency and 
replication (modification if 
desired) of the results. No 
change required. 

1.2 • Very few people will understand why the authors used a 
squared term in their regression equations. But for reviewers 
such as myself, I need to know how estimates were 
generated. I need to know the details. For this report the 
authors are very thorough about describing what other 
reports have found about these technologies. One of my 
issues with the Incremental Cost Analysis is the lack of 
explanation, either in the body of the report or in the 
appendices, of how the estimates for each of the variables 
(production overhead etc.) were created. The authors show 
the reader the main outline of the analysis, but they do not 
show the details. I know the details are complex, but I would 
like to see them, either in the body or in an appendix. 

Methodology description 
revised to include more 
detail starting on page 15. 
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Comment Response 
1.2 • My other issue focuses on the lack of discussion of the 

results for each technology. Is the model for a particular 
technology a good estimate of all the costs/prices or is it a 
weak model? I have concerns about the strength of the 
models for some of the technologies. Because of the lack of a 
teardown analysis that examines all the parts of a 
technology, the reliance on others’ estimates sometimes 
creates a wide range of possible prices. When I look at the 
appendices to see what the estimates from other sources 
are, I see a wide range of estimates for some of the 
technologies. It looks like the authors are showing this in the 
vertical bars in the graphs in the body of the report (though 
this is not noted anywhere that this is the case). 

 

The vertical bars in the 
charts represent the low 
and high values used to 
calculate the median. Text 
added on page 15 to 
explain. 

1.2 • Nearly all the technologies have wide ranges, whether 
the technologies are very expensive or even if the 
technologies are not considered very expensive. Even if a 
technology is considered less expensive, a wide range of 
these values will affect the average price as well as the 
estimates for the components (production overhead, 
company overhead, etc.) Below, I have broken the 
technologies with relatively wide ranges into three groups: 
more expensive technologies with wider ranges, moderately 
expensive technologies with wider ranges, and less 
expensive technologies with wide ranges: 

o More expensive technologies 

• Advanced bottom cycling ($22,500 range)  

• Hybrid-electric powertrains ($21,000) 

• Diesel APU ($6,000) 

• Battery APU ($5,000) 

• Class 4 to 6: Dual clutch automatic ($1,900) 

• Class 8: Dual clutch automatic ($5,000) 

• Class 2b and 3 Weight reductions ($2,000) 

The categorization of less 
expensive up to more 
expensive is left to the 
reader. No change to the 
text. 
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Comment Response 
• Class 4 to 6 Weight reduction ($4,000) 

• Class 8 Weight reduction ($12,000) 

o Moderately expensive technologies 

• Lean Burn GDI with SCR: Class 2b and 3 / Class 4 to 6 
($1450) 

• Turbocharging and downsizing: ($700) 

• Engine downspeeding: ($2,000) 

• Stop/Start diesel: ($1,000) 

• Air handling improvements: ($725) 

• Mechanical turbo compound: ($1,000) 

• Electric turbo compound: ($1,500) 

• Fuel-fired heater ($600) 

• Shore power ($1,800) 

• Boat tail ($800) 

• Full trailer skirt ($325) 

• Full tractor skirt ($500) 

• Class 4 to 6 improved transmissions: gas ($500) 

• Class 4 to 6 improved transmission: diesel ($600) 

• Class 8 improved transmissions: ($1,700) 

• Class 4 to 6 automated manual transmissions: ($700) 

• Class 8 automated transmissions: ($2,000) 

• Automated tire inflation ($800) 

• 6 X 2 axles ($1,600) 
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Comment Response 
o Less expensive technologies 

• Class 2b and 3 ($300 range) / class 8 variable 
displacement pump (D) ($300 range) 

• Variable valve actuation: Class 8 High 1 and 2 ($450) 

• Cylinder deactivation: Class 2b and 3 / Class 4 to 6 ($525) 

• Low friction engine oil: Class 8 ($95) 

• Engine friction reduction: ($225) 

• Reduced aftertreatment backpressure: ($575) 

• Air-conditioner improvements: ($350) 

• Cab insulation ($250) 

• Air compressor ($300) 

• Aero gap filler ($350) 

• Class 2b and 3 improved aerodynamics ($425) 

• Class 2b and 3 Improved gas transmissions ($400) 

• Class 2b and 5 / Class 4 to 6 low rolling resistance tires 
($38) 

• Single wide tires ($100) 

• Low friction axles and lubricants ($300) 
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Comment Response 
1.2 • Fitting a line through the four points on the graph is very 

likely the best/most conservative estimate for a set of data, 
but the practical use one can take away from the wide range 
of values, I argue, is not as useful as it is for the analyses 
where the range of costs/prices is narrower. The wide range 
of values also plays a role in the accuracy of the estimates for 
components of the Incremental Cost Analysis. Generating 
estimates for the components (production overhead, etc.) 
based on this wide range of values needs to be addressed by 
the authors in order to help the reader make better use of 
the results. 

Data used to determine 
the range is included in 
Appendix A for the 
reader/user interested in 
more detailed knowledge. 
Future researchers can 
determine if the range 
should be adjusted. Text 
added directing reader to 
Appendix A. 

1.2• P.14 onwards: “Example using the methodology and 
application of Indirect Cost Factors (ICF)”. I find these 
“Examples” very confusing. Are they there to show me how 
all the different combinations of adjusting variables 
described earlier are used to create the estimates that are 
used throughout the following tables of technologies? If so, 
they sow more confusion than clarity. I think it would be 
much better to walk through one of the technologies, 
showing all the calculations used to come up with each of 
the estimates on the graph and in the table. This gives the 
reader a better understanding of how the authors used all 
the different adjustments they discuss earlier in the report. 

Methodology revised to 
include more detail 
starting on page 15. 

1.2 • I can see the regression analysis the authors are using is 
very complex, but not being able to describe what they are 
doing makes the whole process less understandable. I’ve 
used complex equations like this in other reports, and I 
found that though much of it is lost on the people reading 
the report, at least showing them the variables that make up 
one of the equations would be helpful, if not in the main text 
then in an appendix. 

Each curve is a simple best 
fit 2nd order polynomial 
curve through the four 
points. Text added to page 
15 to explain. 

1.2 • I think it is a matter of clearly showing what they are 
doing as well as describing what the results mean. This is 
missing from this report overall. 

Only limited conclusions 
can be drawn from cost 
results. These cost results 
will be combined other 
analyses to calculate 
cost/benefits ratios. Text 
added to page 17. 
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Comment Response 
1.3 • P. 27: “In cases where single technologies are combined 

into a technology package, the price of the package is 
defined as the sum of the prices of the components.” While 
this seems reasonable, one would think that a 
package/system of technologies should reduce costs. 

The sum of the component 
prices is the conservative 
estimate. No change in 
methodology or text. 

1.3 • P.13: Compared to the North American light duty 
market, the market for Class 2b through Class 8 trucks is 
small. This is a key issue for any company considering 
investing in developing these technologies. This means that 
various suppliers and manufacturers that are developing and 
selling new technologies are fighting over small shares of the 
market and potentially low volumes. Of course, a company 
that comes up with a great new technology will have the 
lead for a few years, but industry leadership in one 
technology does not last long in the auto industry because 
competitors quickly adjust and develop their own versions of 
a technology, if they think they can do it profitably. Also, the 
volume assumptions for technologies do not seem to 
account for potential global volumes as well as North 
American-only volumes. Auto manufacturers and suppliers 
are global, and they make business decisions based on 
potential volume wherever it is. 

No assumptions of global 
volumes were made. Text 
added on page 13 to 
explain. 

1.4 • P. 14 “It is important to note that because prices are for 
cumulative volumes, volumes across vehicle classes may be 
additive. For example, if the same gasoline engine is used in 
both Class 2b&3 and Vocational vehicles, the industry total 
volume for a technology on that engine will include volumes 
from both vehicle categories. As a result, the incremental 
price of the technology may be lower than the price 
according the volume in a single vehicle category.” I think 
this should be noted where possible in the graphs, so the 
reader knows when the authors are crossing boundaries and 
when they are not. 

Table 1 shows how many 
vehicle categories each 
technology applies to. Text 
added on page 15. 
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Comment Response 
2.1 • Two major issues are of concern for this section: Missing 

data and timeliness. There is a lot of missing data in this 
section. This makes it of less value to the policy makers, 
except for technologies where data is available. But then 
there is the issue of timeliness. It is 2015. Showing me 
production volume for 2012 is useless at this point in time. It 
makes me wonder how old the data is in the section overall. 
Some of the lifecycle costs have probably not progressed 
much since 2012, while others probably have. This is always 
an issue with research that is focused on developing 
technologies. By the time the report is out, some of the 
lifecycle costs have already changed, while others are still 
where they were in 2012. I think there needs to be a 
discussion of this issue in the report in order to help the 
reader who may want to use the information for policy 
decisions. It sounds like I’m asking the authors to update this 
section or maybe drop it altogether if the estimates are 
dated at this point. 

There is limited 
maintenance, 
replacement, and residual 
value data due to the 
technologies being new 
and not being widely 
deployed for long periods 
of time. Text added on 
page 113. 

2.1 • For the Lifecycle Analysis, I was expecting the results of 
this analysis to be rolled into the Incremental Cost Analysis 
(or vice versa), but too much missing data in this section 
looks like it precludes this happening. The authors note that 
others have addressed this issue more thoroughly begs the 
question of whether this section should even be in the report 
or maybe the results of the other reports should be 
incorporated into this section. 

Life cycle cost elements 
are intended to inform full 
life cycle analysis with 
inputs outside the scope of 
this report. Section title 
changed to Life Cycle Cost 
Elements. 

2.2 •  I can’t address this point other than to say that there to 
be too much missing data for too many technologies. 

No change required. 

3.1 • This analysis seems to have covered the relevant 
indirect effects, but like the lifecycle section, I was expecting 
the impact of these effects to be incorporated into the 
Incremental costs models (or vice versa). 

Indirect Effects section 
deleted from report. 
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Comment Response 
3.2 • For Fleet Turnover Effects, the 2007 rule was designed 

so that fleets had to be in compliance by 2010.   The graph 
for this section should show more updated info on sales to 
see the effect of the rule during and after its implementation 
in order to see the total effects of the rule on sales. 

• For Human Health Effects, Table 52 is confusing. What 
does an 11 mean? $11 dollars annually? 

• For Incremental Weight Effects: “Additional weight of new 
vehicle technologies could partially offset the fuel 
efficiency gains from the new technology.” Doesn’t the 
improved fuel economy that the new technologies boast 
of include the weight of the technology itself? Doesn’t the 
fuel economy of the hybrid system of the Prius assume a 
certain increase in weight? 

Indirect Effects section 
deleted from report. 

4.1 • I have a mixed view about this report. On the one hand 
it tries and succeeds for the most part in modeling a very 
complex relationship among very diverse components of 
new vehicle technology (production overhead et al). Yet, I 
see some major issues related to the need for a conclusion 
and executive summary that discusses the results of the 
analyses, as well as the need for a clearer description of how 
the models were assembled and how the graphs are to be 
interpreted.  

• Table 1 is full of abbreviations that are not noted on the 
abbreviations section. These abbreviations need to be 
added to the abbreviations section. 

Executive Summary added 
and abbreviations section 
updated. 
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Comment Response 
4.2 • P.1 “Incremental retail prices are evaluated relative to 

the prices of the specific baseline technologies that would 
otherwise be used in the vehicles if the fuel efficiency and 
emissions reduction technologies were not implemented.” 
Does this mean they are subtracting the cost of the current 
(specific baseline technologies) from the cost of new 
technologies with the resulting cost for that component 
being part of the “incremental retail price?” 

• The intro to the report needs to spend more time describing 
the market in order for the reader to understand the impact 
of these technologies on manufacturers and suppliers. How 
big is this market in the US? How big is it globally? Is the 
report focusing on the US or the global market? This is very 
important because it will affect the investment global 
manufacturer and supplier companies will put into 
developing new technologies. Also, a large number of 
manufacturers and suppliers fighting over relatively small 
volumes is a disincentive to invest in this market. So 
understanding the potential volume in this market is 
important. 

• Are these technologies that are estimated based on the 
number of new trucks sold per year or are there aftermarket 
implications? If a technology can be installed in the 
aftermarket, then potential volumes increase dramatically. If 
they cannot, then volumes are much lower. 

Incremental retail prices 
were the reported 
information provided by 
stakeholders and from 
peer reviewed documents. 
Market analysis is outside 
of the scope of the report. 
Regulations only apply to 
new vehicles/engines. No 
change to the text. 
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Comment Response 
4.3 • The strongest parts are the attempts to model complex 

cost/price processes in the Incremental Cost Analysis, and 
the thoroughness of the secondary research that appears in 
the Appendices. 

• The weakest parts are the lack of analysis of the results of 
the study at the beginning and end of the report, the lack 
of a detailed explanation of how the graphs in the 
Incremental Cost Analysis were created and an evaluation 
of the value or strength of each of the models, the missing 
data and timeliness of the data in the Lifecycle section, 
the lack of connectivity among the three sections in terms 
of modeling, and the need for more info about the Class 
2b to Class 8 truck market. 

Some smaller issues include: 

• The graphs starting on P. 21 are hard to read, but the 
accompanying tables help the reader understand the data 
in the graphs. 

• The vertical lines in the charts need explanation. I assume 
they are the high and low values for the data gathered 
from the outside sources, especially for the 50K 
assumption.  

Also sometimes when the lines cross the total incremental 
price and the direct costs lines, it is hard to tell which 
variable the line is representing? (Figures 1-7  ) 

Report addressed these 
points as described above. 
No additional changes 
beyond what has been 
stated above. 

4.4 None. No change required. 
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Comment Response 
5.1 I think this report is acceptable with revisions. Whether 

NHTSA, EGR, and the authors consider them major revisions 
is up to them. I refer to my listing of the weaknesses of the 
report for justification. From the weaknesses section: The 
weakest parts are the lack of analysis of the results of the 
study at the beginning and end of the report, the lack of a 
detailed explanation of how the graphs in the Incremental 
Cost Analysis were created and an evaluation of the value or 
strength of each of the models, the missing data and 
timeliness of the data in the Lifecycle section, the lack of 
connectivity among the three sections in terms of modeling, 
and the need for more info about the Class 2b to Class 8 
truck market. 

Report addressed these 
points as described above. 
No additional changes 
beyond what has been 
stated above. 
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2. Roger H. Bezdek 
 

Comment Response 
P. 1, ¶ 1: “This report examines the costs of implementation, 

nominally in 2011 U.S. dollars.” 

This wording is confusing and incorrect. By definition, 
“nominal dollars” are not inflation-adjusted and refer to the 
dollars of the year in question. The correct terminology is 
“constant 2011 dollars” and the report should reflect this. 

Nominal dollars text 
replaced with constant 
dollars text. 

P. 1, ¶ 2: “Incremental retail prices are evaluated relative to the 
prices of the specific baseline technologies that would 
otherwise be used in the vehicles if the fuel efficiency and 
emissions reduction technologies were not implemented. 
These prices include the technology components as well as 
their installation and incorporation in the vehicle. 
Incremental retail prices account for all costs associated with 
the manufacturers and suppliers’ production and sale of the 
technologies to the retail purchaser.” 

This statement is questionable. It is very difficult to 
precisely estimate future retail prices that would occur if the 
new standards were not implemented.   

Text clarified to state that 
prices are assumed to 
remain unchanged in the 
absence of new 
regulations. 

P. 1, ¶ 4: “Indirect economics effects encompass the broader 
impacts not captured through incremental and life cycle 
costs.” 

The report’s conception of indirect economics appears to 
be somewhat flexible in different sections of the report. It 
should also be distinguished from the conventional 
economic direct and indirect effects that are derived via 
interindustry input-output analyses. 

Indirect Effects section 
deleted from report. 
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Comment Response 
P. 2, ¶ 1: “At present, vehicles in this category operate primarily 

with diesel engines, though improving gasoline engine 
technologies may encourage the increased use of gasoline 
engines in the Vocational category.” 

While diesel engines can offer substantial fuel efficiency 
advantages, it should be noted that the cost of meeting new 
emissions standards with gasoline engines is usually much 
less than with diesel engines. Diesel engines start with a 
significant cost disadvantage compared to gasoline engines, 
because of their greater strength (to withstand the high-
cylinder pressures of compression ignition) and their far 
more sophisticated fuel systems. Diesel fuel systems have 
injection pressures of 1,600 to 3,000 bar, while even the 
expensive (by gasoline engine standards) GDI fuel systems 
require only 100 to 200 bar. Port injection systems for 
gasoline engines typically use injection pressures of only a 
few bar. The need to create and control extreme pressures 
has a major effect on diesel fuel system cost.  

When the higher cost of diesel engines is added to the 
significantly higher cost of diesel emissions control after-
treatment, there is a powerful market incentive to move 
toward gasoline engines, except where the durability of the 
diesel engine is required. In recent years, diesel engines have 
lost market penetration to gasoline engines in some classes 
of MD/HD vehicles. Studies also indicate that recent 
emissions regulations may be accelerating the trend toward 
gasoline engines in medium-duty trucks. Will this also be the 
case with MD/HD vehicles? The draft report should address 
this important issue.   

This topic is covered in 
Section 4.1 of SwRI’s 
Report #2.  The discussion 
there agrees with the 
reviewer’s points made 
here. No change required 
in this Cost report. 
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Comment Response 
1.1: The published studies and data cited do not include all key 

relevant data sources for the target technologies.   
Numerous additional sources could have been consulted, or 
at least listed. Examples of some (but not all) of these 
potential sources are listed below at the end of my formal 
comments. 

In the whole draft report, “peer reviewed studies” is 
mentioned only once, on p. 133. Virtually all references cited 
in the draft report are not peer reviewed. This is very 
disturbing and weakens the report’s credibility. 

Further, of the approximately 45 references listed, there 
is only one that is a published peer reviewed study (Lepeule, 
J., F. Laden, D. Docker, J. Schwartz, "Chronic Exposure to Fine 
Particles and Mortality: An Extended Follow-up of the 
Harvard Six Cities Study from 1974 to 2009," Environmental 
Health Perspectives; 120:965-970, July 2012), and even it 
does not directly address MD/HD Truck Fuel Efficiency 
Technology issues. 

I have listed at the end of my formal comments some 
additional sources that could have been consulted. These are 
meant to be indicative, not comprehensive. It is the job of 
the draft report authors, not the report reviewers, to 
conduct a rigorous and comprehensive literature review – 
including peer reviewed studies published in the literature -- 
as an integral part of the research. 

SwRI Report #1 was 
provided as a reference to 
Cost report reviewers, and 
contains target technology 
source information. 

The majority of the cost 
data came from a few peer 
reviewed sources such as 
the 2010 NRC MD/HD 
report. Information gaps 
were filled with available 
data (with preference to 
highly credible sources) at 
the time of analysis. Since 
the peer review period, 
additional sources such as 
2014 NRC MD/HD report 
were added. 

1.2: The methodology used in the report for determining 
incremental retail prices contends that it relied on a 
“thorough literature review” for all target technologies to 
identify ranges of price points. However, as noted, the 
literature review was not thorough and contained virtually 
no peer reviewed publications. The report relied heavily on 
the NRC study. However, the NRC study is five years old and 
should have only been the starting point for the research. 

 The methodology is adequately described. However, it is 
simplistic and mechanistic and is heavily dependent upon 
many assumptions. Most of these assumptions appear to be 
relatively reasonable; some do not. 

Since the peer review 
period, additional sources 
such as 2014 NRC MD/HD 
report were added. 
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1.2: There is a tendency among researchers – evident in this 

draft report -- to evaluate technologies under conditions 
which are best suited to that specific technology. This can be 
a serious issue in situations where performance is strongly 
dependent on duty cycle, as is the case for many of the 
MD/HD technologies evaluated in this report. One result is 
that the reported performance of a specific technology may 
be better than what would be achieved by the overall vehicle 
fleet in actual operation. 

Another issue with technologies that are not fully 
developed is a tendency to underestimate the problems that 
could emerge as the technology matures to commercial 
application. This problem is little discussed in the draft 
report. 

Such issues often result in implementation delays as well 
as a loss of performance compared and increased costs 
compared with initial projections. As a result of these issues, 
some of the technologies evaluated in this draft report may 
be available later than expected, or at a lower level of 
performance and higher cost than expected. Extensive 
additional research would be needed to quantify these 
issues, and regulators will need to allow for them the fact 
that some technologies may not mature as expected. The 
draft report should discuss this and related relevant issues. 

SwRI Reports #1 and #2 
address this topic. This 
Cost report is on cost only, 
not performance. 
Projections of future cost 
involve risk. As the 
technology matures, it 
may become more or less 
expensive, or it may prove 
unable to achieve the 
expected benefits. 

No change to the text.  

1.3: Most of the price and breakouts presented for the various 
vehicle technology categories are credible, but minimally so. 
They are, in general, not adequately supported due to the 
deficient literature review and inadequate research 
conducted. They require fixed, and sometimes heroic, 
assumptions and a lot of faith in the algorithms utilized. 

For example, some technologies, such as certain 
aerodynamic features, automated manual transmissions, 
and wide-base single low-rolling-resistance tires, are already 
available in production. On the other hand, some of the 
technologies discussed in the draft report are in varying 
stages of development, while others have only been studied 
using simulation models.  
 

These issues are beyond 
the scope of the project. 
No change to the text. 
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The NRC recommended that regulations should target the 

final stage vehicle manufacturers, since they have the 
greatest control over the design of the vehicle and its major 
subsystems that affect fuel consumption. Component 
manufacturers will have to provide consistent component 
performance data. As the components are generally tested 
at this time, there will be a need for standardized test 
protocol and safe guards for the confidentiality of the data 
and information. It may be necessary for the vehicle 
manufacturers to provide the same level of data to the tier 
suppliers of the engines, transmissions, after-treatment and 
hybrid systems. 

Simulation modeling should be used with component test 
data and additional tested inputs from powertrain tests, 
which could lower the cost and administrative burden yet 
achieve the needed accuracy of results. The program should 
represent all the parameters of the vehicle (powertrain, 
aerodynamics, and tires) and relate fuel consumption to the 
vehicle task. 

A number of the technologies, such as adaptive cruise 
control, predictive cruise control, and navigation and route 
optimization are currently being applied by the trucking 
industry without any regulation because the owners and 
operators view the reduction in fuel costs as good business. 
What does this imply for the feasibility and optimality of 
some of the proposed regulations discussed in the draft 
report? The report recognize this and discuss the 
implications. 
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1.3: P. 9, ¶ 1: “The methodology used here for determining 

incremental retail prices relies on a thorough literature 
review for all target technologies to identify ranges of price 
points. The data reported here draw heavily upon the most 
recent National Research Council study of medium- and 
heavy-duty vehicle technologies.” 

The NRC study referred to is already more than five years 
old, the research for the NRC study was conducted six or 
seven years ago, and the data and sources used in the NRC 
study are at least 5-10 years old. Some of the references 
cited in the Tetra Tech draft report are decades old, and in 
any event, the literature review was not sufficiently 
“thorough”. 

Since the peer review 
period, additional sources 
such as 2014 NRC MD/HD 
report were added. 

1.3: P. 9, ¶ 2: “The ranges of values found in the literature are 
scaled to project incremental prices using manufacturing 
volume-dependent cost curves.” 

It is not clear what this sentence is supposed to mean. 

P. 9, ¶ 4: “Indirect costs are derived from direct costs 
using an adjusted multiplier.” 

Can this adjusted multiplier be quantified and illustrated 
simply? 

Text added and 
Methodology revised for 
more clarity. 
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1.3: P. 9, ¶ 4: “The first main factor is derived from research 

conducted for the U.S. Environmental Protection Agency 
(EPA) and reflects manufacturer costs that are difficult to 
allocate to specific production activities, such as R&D, 
corporate operations, dealer support, and marketing.” 

The references cited are EPA reports, some of which have 
been known to be incestuous and not necessarily rigorous, 
objective, or credible. Further, these were not peer-
reviewed. 

P. 10, ¶ 1: “The relative contributions of each of these 
elements to the total indirect cost are based on research by 
Argonne National Laboratory for the U.S. Department of 
Energy that examined and modified Argonne National 
Laboratory’s incremental cost components of implementing 
new vehicle technologies.” 

The references cited are DOE lab reports: They are not 
peer-reviewed and some are decades old. 

Since the peer review 
period, additional sources 
such as 2014 NRC MD/HD 
report were added. 

1.3: P. 10, ¶ 2: “The second main factor of the adjusted 
multiplier reflects improvements in the manufacturing 
process that take place as the technology matures. As 
described by the Center for Automotive Research, process 
efficiencies that are learned over time are captured in this 
type of cost reduction and are expressed as an annual 
percent improvement from the previous year.” 

How will these be affected (positively or negatively) by the 
mandated MD/HD fuel efficiency improvements? Was this 
issue even considered here? If not, why not? 

Mandated fuel efficiency 
improvements should not 
affect the manufacturing 
learning curve. No change 
to the text. 

1.3: P. 12, ¶ 2: The indirect cost factors and the manufacturing 
process improvements then are multiplied together to derive 
the adjusted multipliers that make up the volume-dependent 
technology cost curves for each of the identified 
technologies. 

 This sentence is nearly incomprehensible. 

Text added and 
Methodology revised for 
more clarity. 
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1.3: P. 12, ¶ 3: A teardown analysis was not performed in this 

report to determine the breakout between the direct and 
indirect cost elements. 

Why was not a teardown analysis conducted? The NHTSA 
standards that will eventually result from the work being 
reviewed here will be extremely important, will likely cost 
industry, transportation companies, and consumers 
hundreds of billions of dollars, and will have very significant 
impacts on the U.S. economy. Accordingly, appropriate 
resources, time, and effort should go into developing the 
standards – including teardown analyses, simulation 
analyses, pilot programs, etc. 

Further, the contractor could have used simulation 
modeling with component test data and additional tested 
inputs from powertrain tests that could lower the cost and 
administrative burden but, at the same time, achieve needed 
accuracy of results. 

Does Tetra Tech (or NHTSA) intend to conduct a pilot 
program to “test drive” the certification process and validate 
the regulatory instrument proof of concept? Are any similar 
programs planned by Tetra Tech or NHTSA? 

Teardown analysis is 
beyond the scope of 
project. Simulation 
modeling was performed 
for SwRI Reports #1 and 
#2. No change required. 

1.3: P. 12, ¶ 4: To estimate the cost element breakouts in the 
incremental price, the relative cost contributions for truck 
manufacturers in RTI’s 2010 heavy duty truck report were 
used. 

RTI’s study was conducted five years ago for EPA and was 
not peer-reviewed. Were any other sources consulted here? 

No update to RTI’s study is 
available. No change to 
the text. 

1.3: P. 17, Table 10: what is meant by “Vocational?” This should 
be defined up front. 

Vocational explanation 
added. 

2.1: This section presents information on the vehicle life cycle 
impacts of the identified technologies in the various vehicle 
categories that is, perhaps, minimally sufficient. My 
comments on the deficiencies of the previous section apply 
here. 
 

These comments are 
addressed in SwRI Reports 
#1 and #2. No change 
required. 
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NRC recommended that any regulation of MD/HD fuel 

consumption should use Load Specific Fuel Consumption as 
the metric and be based on using an average (or typical) 
payload based on national data representative of the classes 
and duty cycle of the vehicle. Why is this not discussed in the 
draft report? 

The fundamental engineering metric for measuring the 
fuel efficiency of a vehicle is fuel consumption -- the amount 
of fuel used, assuming some standard duty or driving cycle, to 
deliver a given transportation service, for example, the 
amount of fuel a vehicle needs to go a mile or the amount of 
fuel needed to transport a ton of goods a mile. For light-duty 
vehicles, the CAFE program uses mpg. This measure is not the 
appropriate measure for MD/HDs, since these vehicles are 
designed to carry loads in an efficient and timely manner. 

The project could have used several actual MD/HD 
vehicles, including various applications, and developed the 
approach to component testing data in conjunction with 
vehicle simulation modeling to derive LSFC data for these 
vehicles. The actual vehicles could also be tested by 
appropriate full-scale test procedures to confirm the actual 
LSFC values and the reductions measured with fuel 
consumption reduction technologies in order to validate the 
evaluation method. 

Research could have established fuel consumption metrics 
related to the task associated with a particular type of 
MD/HD vehicle, and set targets based on potential 
improvements in vehicle efficiency and vehicle or trailer 
changes to increase cargo carrying capacity. Research is 
required to determine whether a system of standards for full 
but lightly loaded (“cubed-out” MD/HD vehicles) can be 
developed using only the LSFC metric or whether these 
vehicles need a different metric to properly measure fuel 
efficiency without compromising vehicle design. 

Regulation of MD/HD fuel consumption should use LSFC as 
the metric and be based on using an average (or typical) 
payload based on national data representative of the classes 
and duty cycle of the vehicle. Standards could require 
different values of LSFC due to the various functions of the 



22 

Comment Response 
vehicle classes. The draft report should use a common 
procedure to develop baseline LSFC data for various 
applications, to determine if separate standards are required 
for different MD/HD vehicles that have a common function. 
Data reporting or labeling should state a LSFC value at 
specified tons of payload. 

2.2: The life cycle cost elements presented are minimally 
credible. They are not adequately supported. My comments 
on the deficiencies of the previous section apply here. 

When there are several fuel-saving options and complex 
truck operating conditions, performance standards are likely 
to be superior to specific technology requirements. Where in 
the draft report is this discussed? 

Increasing vehicle size and weight limits offers potentially 
significant fuel savings for the entire tractor-trailer 
combination truck fleet, but his would have to be evaluated 
against increased costs of road repair. Case studies 
demonstrate that potential fuel savings of up to 15 percent 
or more are possible – savings that compare very favorably 
with most of the technologies discussed in the draft report. 
Further, these savings are similar in size but independent 
and cumulative of other actions that may be taken to 
improve fuel consumption of vehicles; therefore the net 
potential benefit is substantial. The draft report should 
discuss what is required to implement these and analyze 
how the potential fuel savings and other benefits of such 
liberalization can be realized in a way that maintains safety 
and minimizes the cost of potential infrastructure changes. 
This discussion should include issues such as regulatory limits 
that currently restrict vehicle weight and that freeze LCV 
operations on the Federal Interstate System, establishing a 
regulatory structure that assures safety and compatibility 
with the infrastructure, and changes that would be 
necessary to permit reasonable access of LCVs to vehicle 
breakdown yards and major shipping facilities in close 
proximity to the interstate system. 

An analysis of regulatory 
approaches is beyond the 
scope of this Cost Report. 
No change required. 
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2.2: For example, intelligent vehicle technologies provide fuel 

consumption reductions by taking advantage of knowledge 
of the vehicle’s location, terrain in the vicinity of the vehicle, 
congestion, location of leading vehicles, historical traffic 
data, and other information, and altering the speed of the 
vehicle, the route the vehicle travels, or, in the case of hybrid 
electric vehicles, altering the power split ratio. These fuel 
savings may not show up in fuel consumption tests, and this 
should be recognized in the analysis. 

The report could obtain data on fuel consumption from 
several representative fleets of MD/HD vehicles. This would 
provide a real-world reality check on the effectiveness of the 
proposed regulatory design on the fuel consumption of 
MD/HD fleets in various parts of the marketplace and in 
different regions of the country. 

These comments are 
addressed in SwRI Reports 
#1 and #2. No change 
required. 

2.2: P. 112, ¶ 1: “This section presents the information 
currently available on the vehicle life cycle impacts of the 
identified technologies in the various vehicle categories.” 

 There is more information currently available than is 
included in the draft report. 

Available peer reviewed 
information was used.  No 
change to the text. 

3.1: No: In general, this whole section is very weak and needs to 
be strengthened and expanded. The discussion is basically 
generic and evidences little serious research or analysis.  

Elasticity estimates vary over a wide range, and it is not 
possible to calculate with very much confidence what the 
magnitude of the “rebound” effect is for MD/HD vehicles. In 
medium- and heavy-duty trucking, the “rebound” is a more 
complex phenomenon and has been studied less than for the 
light-duty vehicle effect. Thus, it may not be valid to apply 
the light-duty rebound estimates here   . 

Standards that differentially affect the capital and operating 
costs of individual vehicle classes can cause purchase of 
vehicles that are not optimized for particular operating 
conditions. The complexity of truck use and the variability of 
duty cycles increase the probability of these unintended 
consequences, and the draft report should recognize this. 

The Indirect Effects 
section has been deleted 
from the report. 
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Some fuel efficiency improving technologies will add 

weight to vehicles and push those vehicles over federal 
threshold weights, thereby triggering new operational 
conditions and affecting, in turn, vehicle purchase decisions. 
Did the report conduct any research to assess the 
significance of this potential impact? Further, if the vehicles 
are getting heavier, what implications does this have for 
safety? 

For example, recent research has found that CAFE 
regulations have had the unintended consequence of greatly 
increasing the weight of LD trucks, with negative 
consequences for safety. Is there the possibility of something 
similar happening with MD/HD regulations? The draft report 
should discuss this. 

Similarly, if the vehicles are getting heavier, what 
implications does this have for road and infrastructure 
impacts? 

Certain fuel-saving technologies will add to vehicle 
weight, affecting operators’ costs in three ways. First, 
transporting the extra weight itself increases fuel costs, 
partially offsetting the fuel savings the technologies allow. 

Second, in MD truck applications, the extra weight may 
increase the loaded gross weight of some present Class 2 
vehicles to over 10,000 lb. and of some present Class 6 
vehicles to over 26,000 lb. Exceeding these weight 
thresholds will subject companies operating the vehicles to 
federal and state motor carrier safety regulations. A truck 
operator who has not previously been subject to these 
motor carrier safety regulations or to CDL requirements and 
is considering whether to adopt new vehicles with fuel-
saving technologies and higher weight that would trigger the 
regulations will have several options. The operator may 
acquire the heavier vehicles and comply with the regulations 
or specify offsetting weight-saving equipment in order to 
stay under the threshold, or acquire smaller trucks than 
previously used – and thus use a larger number of smaller 
vehicles. Vehicle manufacturers may decide to market new 
vehicle designs that facilitate the latter two choices. Any of 
these choices will increase the operator’s truck 



25 

Comment Response 
transportation costs, and the operator will select the one 
with the least cost. 

Third, in heavy-duty operations in which trucks are 
sometimes loaded to the 80,000-lb. legal gross weight limit 
that applies on most major U.S. roads, and in operations in 
which trucks are sometimes loaded to axle weight limits 
(e.g., refuse haulers, dump trucks), the added weight of 
some fuel-saving devices (without concomitant vehicle 
weight-reducing materials) will reduce cargo capacity, 
increasing average cost per ton-mile and necessitating more 
vehicle-miles of travel to carry a given quantity of freight. In 
an operation in which trucks are almost always loaded to the 
gross weight or axle weight limit, the added cost will be 
proportional to the loss of payload. For example, the payload 
of a truck loaded near the 80,000-lb. limit is about 50,000 lb., 
so an additional 500 lb. of fuel-saving devices would reduce 
capacity and increase average cost per ton-mile in an 
application in which trucks are usually loaded to the gross 
weight limit. The draft report should at least discuss these 
issues. 

Some fuel efficiency improving technologies will reduce 
cargo capacity for trucks that are currently “weighed-out” 
and will therefore force additional trucks on the road. What 
research was conducted here of this potential impact? 

Economic analysis of pre-buy and low-buy impacts for 
some trucks found that the low-buy “dip” was actually more 
substantial than the pre-buy “peak” and that there was thus 
a net decrease in sales over this period. A net downturn in 
sales also indicates that a portion of vehicle owners may be 
keeping their older units on the road longer (assuming 
freight demand levels do not decrease substantially). The 
aggregate impact of all of these factors was estimated to 
result in a net increase in national annual NOX emissions, 
relative to the case without pre-buy/low-buy and elasticity 
effects. What implications do these findings have for the 
regulations discussed in the draft report? 

 The draft report does not adequately address the issue 
of class shifting. When manufacturers build vehicles, they 
make trade-offs related to various vehicle attributes in order 
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to produce a vehicle that is most attractive to a given market 
segment. For example, manufacturers regularly need to 
balance issues of performance, cost, and fuel efficiency. In 
cases where regulation incentivizes a certain class of vehicles 
to meet a fuel efficiency standard at the expense of 
performance, a potential buyer may choose to purchase a 
larger class vehicle to offset the performance losses. This 
behavior leads to less efficient vehicles on the road -- exactly 
the opposite effect of what the NHTSA efficiency standards 
are supposed to achieve. This is referred to as “consumer 
class shifting,” and it can also occur if the cost of different 
vehicle classes is affected disproportionately by the 
regulations. For example, requiring aerodynamic fairings on 
all Class 8 vehicles may cause some companies that currently 
use these vehicles on long-haul operations to choose 
smaller, less efficient vehicles rather than invest in the 
fairings. Others, however, will find they will have to add 
fairings that provide little benefit at high cost. The level of 
shift depends on how a regulation affects different vehicle 
classes and the relative costs across classes. The draft report 
should discuss class shifting issues and their potential 
significance. 

Was any type of economic/payback analysis based on fuel 
usage by application and different fuel price scenarios 
conducted? Operating and maintenance should be part of 
such an analysis. 

3.2: No: Much more research and effort is required here.  

Numerous indirect effects and unintended consequences 
associated with regulations designed to reduce fuel 
consumption in the trucking sector can be important. For 
example, researchers must consider the following effects: Rate 
of replacement of older vehicles (fleet turnover impacts), 
increased ton-miles shipped due to the lower cost of shipping 
(rebound effect), purchasing one class of vehicle rather than 
another in response to a regulatory change (vehicle class 
shifting), environmental co-benefits and costs, congestion, 
safety, and incremental weight impacts. The report mentions 
these, but does a very poor job of rigorous analysis and 
evaluation. This needs to be remedied. 

The Indirect Effects 
section has been deleted 
from the report. 
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It is often (but not always) the case that fuel efficiency 

improvements result in reductions of other pollutants as well. 
For example, new NOx and PM standards may require 
additional fuel use and reduce vehicle fuel efficiency. It is more 
likely that reduced fuel consumption through fuel efficiency 
technologies in MD/HD vehicles will reduce emissions of criteria 
pollutants. Thus, efficiency improvements achieved by 
improved aerodynamics, tire rolling resistance, and weight 
reductions will translate into lower tailpipe emissions as well. 
Nevertheless, as discussed below, it cannot simply be assumed 
(as the draft report apparently does) that fuel efficiency 
regulations will automatically result in reductions of other 
pollutants as well. 

New regulations designed to increase the fuel efficiency of 
MD/HD vehicles must also consider potential impacts on 
vehicle and highway safety. The safety impacts could be of 
several types. First, new technologies may have specific safety 
issues associated with them. For example, hybridization will 
introduce high-voltage electrical equipment into trucks, and 
operators, service mechanics, and emergency personnel will 
thus need to be educated about appropriate handling of this 
equipment. Second, as discussed, the rebound effect may 
increase overall truck traffic on the road, thereby leading to 
potentially higher incidences of accidents. Third, some 
technologies and/or approaches to improving fuel efficiency 
may actually lead to a safer highway system. Examples include 
speed reductions, improved driver training, and use of side 
fairings which may reduce hazards to other vehicles in 
inclement weather. Fourth, if new technologies diminish the 
performance of vehicles (e.g., decreased acceleration times), 
negative safety impacts could occur. Finally, if new technologies 
or regulations have the effect of increasing payload capacity for 
trucks, fewer trucks may be in operation, potentially resulting in 
safety benefits. A detailed assessment is needed on these and 
related safety aspects – and on the specific regulations, and 
should be included in the draft report. 

3.2:   P. 131, ¶ 5: “The issue of how new fuel efficient and emission 
reduction technologies and regulations will affect new vehicle 
prices and operating costs -- and the impact on fleet turnover 
from those cost effects -- is an area that needs further analysis.”  

Indirect Effects section 
deleted from report. 
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Agreed. But what does this imply for the whole NHTSA 

project? 

P. 132, ¶ 2: “If investment in new technology is seen as 
cost effective and lowers operating costs,……” 

If this is so, then why is a regulation needed? Maybe, an 
outreach and information dissemination program would 
suffice, would be less intrusive, and would be much more 
cost effective. 

P. 132, ¶ 4: “The implementation of technologies to 
improve fuel efficiency and reduce emissions can result in 
environmental co-benefits.” 

Yes they can, but not necessarily – as noted above. This 
discussion is confusing and may be simply incorrect. These 
are regulations to increase vehicle fuel efficiency and are not 
designed to affect criteria pollutants. Have these benefits 
already been attributed to the environmental regulations 
specifically targeting them? Is there a danger of double 
counting here? EPA has a nasty habit of double counting 
(sometimes triple counting) environmental benefits in 
different air and water regulations. NHTSA must avoid such 
pitfalls if it is to retain its credibility. 

P. 132: Rebound effect 

It should be noted that the rebound effect may increase 
overall truck traffic on the road, thereby leading to 
potentially higher incidences of accidents. Has this, or will it 
be taken into account? 

Also, to the extent the regulation extends beyond the 
private cost-effective point, the rebound effect will be 
reversed. This should also be discussed. 

P. 132, ¶ 4: “In the 2014-2018 heavy-duty fuel efficiency 
program, NHTSA chose a rebound effect for single-unit 
trucks of 15%. For combination tractors, a rebound effect of 
5% was chosen. NHTSA applied the light-duty vehicle 
rebound effect of 10% to the Class 2b&3 trucks.”  
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As discussed above, in MD/HD trucking, the “rebound” is 

a more complex phenomenon and has been studied less 
than the light-duty vehicle effect. Thus, it may not be valid to 
apply the light-duty rebound estimates here. 

P. 133, ¶ 1: “For the purposes of this report/analysis, we 
present PM-related benefit per ton estimates as a means of 
monetizing the criteria pollutant co-benefits in the absence 
of full-scale air quality modeling to capture the full array of 
co-benefits associated with the technologies.”  

Once again, it sounds like Tetra-Tech may be mixing or 
mis-estimating the combined effects of separate pollution 
control technologies. 

P. 133, ¶ 1: “GHG impacts are monetized according to 
their effects on human health (diarrhea, vector-borne 
diseases, and cardiovascular and respiratory mortality), 
property, agricultural productivity, and terrestrial and 
aquatic ecosystems. Atmospheric GHG concentration 
influences global temperature and sea level, which in turn 
affect many complex natural systems. The risks associated 
with increased GHG concentration include mortality 
changes, increased flood risk, and decreased productivity 
due to weather. These risks shown in Table 52 were 
monetized in the social cost of carbon by the U.S. 
Government Interagency Working Group on Social Cost of 
Carbon.” 

This paragraph is not credible. There is no scientifically 
valid relationship between CO2 and diarrhea, vector borne 
diseases, etc. CO2 is necessary for life and for agricultural 
production, and increased CO2 increases agricultural 
productivity. Similarly, there is no empirically proven impact 
of GHGs on global temperature. The “proof” comes from 
unvalidated models which are increasingly inaccurate. 
Remote Sensing System (RSS) data show that there has been 
no global temperature increase for more than 18 years, 
despite increasing GHG concentrations. Similar comments 
pertain to the relationship between GHGs and flood risk, 
mortality changes, etc. 
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The IWG SCC estimates in Table 52 of the draft report 

(which are 50 percent higher than the IWG SCC estimates 
derived only three years earlier) have been thoroughly 
discredited. Independent, peer-reviewed evaluation has 
concluded that the IWG SCC estimates are “useless for policy 
purposes.” Further, SCC estimates are not accepted by 
Congress and are being litigated in court and in the states. 
They are phantom numbers that cannot be used to justify 
MD/HD regulations. 

P. 134, ¶ 2: “Energy security premiums reflect the 
vulnerability of the U.S. economy to oil supply shocks, price 
spikes, and import costs. Because energy costs affect all 
sectors of the economy, U.S. dependence on petroleum 
imports from potentially unstable sources can have far-
reaching effects. Political unrest in the Middle East and price 
hikes exerted through the near-monopoly power of the 
Organization of Petroleum Exporting Countries (OPEC), for 
example, have resulted in high gasoline and diesel prices at 
the pump.” To estimate the energy security benefits, EPA 
and NHTSA monetized the energy security premium shown 
in Table 51. 

This sounds like it could have been written during the 
“energy crises” of the 1970s. Shale technologies have vastly 
increased U.S. liquid fuels and natural gas production to the 
point where the U.S. is becoming the world’s energy 
superpower. World oil prices have decreased 50% over the 
past six months, and OPEC is in disarray. The discussion in 
this section should be revised to reflect recent research and 
21st century energy realities. For example, MD/HD 
regulations that may make sense or be cost effective at oil 
prices of $100/bbl. may not with oil at $50/bbl. 

4.1: Organization is acceptable; readability and clarity could be 
improved. Examples and real-life experiences would help a 
lot. So also would recognition and incorporation of recent 
research in various relevant areas, a more comprehensive 
literature review, and the inclusion of relevant peer-
reviewed research. 

No additional changes 
beyond what has been 
stated above. 
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4.2: No. Much additional information, research, and data are 

required – as discussed in my comments. 
No additional changes 
beyond what has been 
stated above. 

4.3: The report contains much useful data and information. 
However, the applications to derive estimates and 
conclusions are rote and mechanistic, are often based on 
questionable assumptions, and require a lot of faith to 
believe. 

No additional changes 
beyond what has been 
stated above. 

4.4: There may be more effective, less costly, and 
complementary approaches than vehicle fuel efficiency 
standards for reducing fuel consumption of MD/HDs, such as 
training truck drivers on best practices, adjusting size and 
weight restrictions on trucks, implementing market based 
instruments (e.g., fuel taxes), providing incentives for mode 
shifting, or developing intelligent vehicle and highway 
systems. This report should at least identify and discuss 
these. 

There are a number of approaches for reducing fuel 
consumption in the trucking sector and there is evidence 
that several approaches -- particularly driver training and 
longer combination vehicles (LCVs) -- offer potential fuel 
savings for the trucking sector that rival the savings available 
from technology adoption for certain vehicle classes and/or 
types. The report could analyze these alternatives. 

Notably, there are significant opportunities for savings in 
fuel, equipment, maintenance, and labor when drivers are 
trained properly. Research indicates that this could be one of 
the most cost-effective and best ways to reduce fuel 
consumption and improve the productivity of the MD/HD 
sector. Cases studies demonstrate potential fuel savings of 2 
to 17 percent with appropriately trained drivers -- savings 
that compare very favorably with those resulting from many 
of the various technologies discussed in the draft report.  

For example, regulations could encourage and incentivize 
the dissemination of information related to the relationship 
between driving behavior and fuel savings. One step in this 
direction could be to establish a curriculum and process for 
certifying fuel-saving driving techniques as part of 

These issues are beyond 
the scope of the project. 
No change required. 
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commercial driver license certification and to regularly 
evaluate the effects of such a curriculum. 

Research is also required to develop an approach that 
results in MD/HD fuel efficiency standards that are cost 
effective and that accurately represent the effects of fuel 
consumption reducing technologies. This work should 
recognize that regulations must fit into the engineering and 
development cycle of the industry and provide meaningful 
data to vehicle purchasers. 

A pilot program is required to “test drive” the certification 
process and validate the regulatory instrument proof of 
concept. The program could be structured to obtain 
experience with certification testing, data gathering, 
compiling, and reporting. An effort should be made to 
determine the accuracy and repeatability of all the test 
methods and simulation strategies that will be used with any 
proposed regulatory standards and a willingness to remedy 
problems that are identified. Data on fuel consumption could 
be obtained from several representative fleets of vehicles. 
Such research could provide a real world check on the 
effectiveness of the proposed regulatory design on the fuel 
consumption of MD/HD fleets in various parts of the 
marketplace, and in different regions of the country. 

The economic merit of integrating different fuel-saving 
technologies will be an important consideration for 
operators and owners in choosing whether to implement 
these technologies. This is not adequately discussed in the 
draft report. 
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4.4: Since tractor-trailer trucks have relatively high fuel 

consumption, very high average vehicle miles traveled, and a 
large share of the total truck market, these should be 
targeted for fuel efficiency improvements and fuel 
consumption reductions. Similarly, large trucks account for 
about 80 percent of total truck fuel consumption. 
Accordingly, a given percentage reduction in such vehicle 
categories will save more fuel than a matching percent 
improvement in other vehicle categories. For example, the 
potential fuel savings in tractor-trailer trucks represents 
about half of the total possible fuel savings in all categories 
of MD/HD vehicles. Nevertheless, while it may be expedient 
to initially focus on those classes of vehicles with the largest 
fuel consumption, selectively regulating only certain vehicle 
classes could lead to unintended consequences and could 
compromise the intent of the regulation. Within vehicle 
classes, there may be certain subclasses of vehicles (e.g., fire 
trucks) that could be exempted from the regulation without 
creating market distortions. The draft report and any 
subsequent regulations based on it must incorporate these 
considerations. 

Fuel consumption metrics should be calibrated to the task 
associated with a particular type of MD/HD vehicle and set 
targets based on potential improvements in vehicle 
efficiency and vehicle or trailer changes to increase cargo 
carrying capacity. Research needs to be conducted to 
determine whether a system of standards for full but lightly 
loaded (cubed-out) vehicles can be developed using only the 
LSFC metric or whether these vehicles need a different 
metric to accurately measure fuel efficiency without 
compromising the design of the vehicles. Research is also 
required to produce an approach that results in fuel 
efficiency standards that are cost effective and that 
accurately represent the effects of fuel consumption 
reducing technologies. Proposed regulations should fit into 
the engineering and development cycle of the industry and 
provide meaningful data to vehicle purchasers. The draft 
report should at least discuss these issues. 

These comments are 
addressed in SwRI Reports 
#1 and #2. No change 
required. 

4.4: As discussed, to the extent that regulations alter the 
number of shipments and VMT, there will be safety and 
congestion impacts. A more detailed assessment of these 

These issues are beyond 
the scope of the project. 
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impacts is needed based on the type of regulation discussed 
in the draft report and that may be implemented by NHTSA. 

The technology packages that result in the fuel 
consumption reduction for each application have anticipated 
costs. These costs were estimated assuming that the 
technologies will be produced at large enough volumes to 
achieve economies of scale in the relevant time frames. 
Eventually, costs versus benefits will have to be estimated, 
and there are several ways to do this. One measure, dollars 
per percent fuel saved, is the cost of the technology package 
divided by the percent reduction in fuel consumption. 
Another measure, dollars per gallon saved per year, accounts 
for the fact that some vehicles are normally driven more 
miles than others and estimates how much it costs to save 
one gallon of fuel each year for the life of the vehicle by 
adopting the relevant technology. A third measure, 
“breakeven” fuel price, represents the fuel price that would 
make the present discounted value of the fuel savings equal 
to the total costs of the technology package applied to the 
vehicle class. However, the breakeven fuel price may not 
necessarily reflect how vehicle buyers would evaluate 
technologies. Because vehicle buyers often do not plan to 
own the vehicle for a full life, they may use a different 
discount rate, and they would need to consider operation 
and maintenance costs, which are excluded from the 
estimates. However, a lifetime breakeven price is a useful 
metric for considering both the private and the societal costs 
and benefits of regulation. 

Although incomplete, these measures indicate the 
differences in economic viability of the various technology 
options in the draft report for the indicated vehicle classes. 
However, breakeven prices are calculated assuming all the 
technologies are applied as a package whereas, in fact, 
individual fuel-saving technologies applied in a given vehicle 
class may face much lower or much higher breakeven values 
than indicated by aggregate figures. While detailed analysis 
of this issue may be outside of the scope of the draft report, 
it is important and should at least be mentioned. 

 

No change required 
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4.4: There is an inherent conflict between the need to set a 

uniform test cycle for regulatory purposes and existing 
industry practices of seeking to minimize fuel consumption 
of MD/HD vehicles designed for specific routes that may 
include grades, loads, work tasks, or speeds inconsistent 
with the regulatory test cycle. This indicates the critical 
importance of achieving consistency between certification 
values and real-world results, in order to avoid driving 
decisions that degrade rather than improve real-world fuel 
consumption. Regulations can lead to unintended 
consequences, either because the variability of tasks within a 
vehicle class is not adequately dealt with or because 
regulations may lead to distortions between classes in the 
costs of accomplishing similar tasks. There is little evidence 
that the draft report has adequately addressed these issues. 

These comments are 
addressed in SwRI Report 
#1. No change required. 

4.4: More fundamentally, fuel consumption by MD/HD vehicles 
represents nearly 30 percent of total U.S. liquid 
transportation fuels and has increased more rapidly -- in 
both absolute and percentage terms -- than consumption by 
other sectors, and these trends are forecast to continue. At 
the same time, over the past two decades MD/HD vehicle 
fuel efficiency has been increasing by about one percent per 
year without vehicle regulations. This critical fact is not 
recognized in the draft report. A one percent annual 
compounded rate of change is, in the long run, nontrivial 
and, given the huge volume of fuel consumption is 
significant. Why has this been occurring in the absence of 
regulation? How might new MD/HD regulations change this 
annual rate of fuel efficiency increase? Would the presumed 
or estimated increase in this rate be worth the time, effort, 
costs, indirect effects, and unintended consequences of new 
MD/HD regulations? Might new regulations actually be 
counterproductive here? All these are important issues that 
need to be addressed. 

Discussion beyond the 
scope of the project. No 
change required. 
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5.1: The report is acceptable with major revisions, as discussed 

in my comments. 

Suggestive List of References That Could be Consulted  

(These are meant to be indicative, not comprehensive) 

 

The reviewer provided 107 potential references (not listed in 
this document). 

The authors reviewed 
these potential references 
but did not add citations 
for them in the report 
because they did not meet 
our criteria of being peer 
reviewed, related to the 
subject matter of the 
report, and/or 
chronologically consistent 
with the timeframe of the 
work completed. No 
additional changes to the 
text required, beyond 
those described above. 
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3. Sujit Das 
 

Comment Response 
1.1: An extensive literature review was presented in the 

report’s Appendix A although the major information source 
used was the NRC 2010 report in most cases. Use of a wide 
range of data sources makes it difficult to assure that the 
underlying assumptions behind estimates are consistent. For 
example, the average of low- and mid-values incremental 
price estimates has been assumed for the incremental price 
at the lowest production volume. It is likely that the 
estimates from various sources are not at the same assumed 
annual production volume of 50,000 besides the fact that 
the price range in some technology cases has been found to 
be quite large and the baseline technology assumed to 
derive the incremental price may not be the same. In 
addition, estimates used based on a review of various 
information sources further require that they are truly 
incremental prices and not costs and in the latter cases an 
appropriate same scaling  factor/multiplier needs to be used 
. In Appendix A, the term “cost” was used throughout 
although estimates were used for incremental prices. For the 
same reasons, the use of word “price” vs “cost” needs to be 
done appropriately in the report. It is unclear from the 
report how these important issues were addressed. By 
taking the average of the range of price estimates to some 
extent addresses this issue, but a validation of the final 
estimates in cases where technology has already been 
commercialized would have been useful. It is unclear, from 
the individual technology curves starting on pg. 21 of the 
report, what does the incremental price range shown by the 
vertical lines at four specific annual production volumes 
represent including underlying assumptions? 

Where appropriate, the 
term “cost” was replaced 
with the term “price” in 
Appendix A. The vertical 
bars in the charts 
represent the low and high 
values used to calculate 
the median. Text added 
on page 15 to explain. 
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1.2: The quality, scope, and rigor of the methodology used to 

calculate incremental prices have been adequate by making 
use of the best available resources, primarily from the prior 
EPA research. A combination of several available 
methodologies was used to derive the final incremental 
technology price estimates as a function of annual 
production volume. The reviewer is unaware of whether this 
approach has been used in any prior such studies as a proxy 
to detailed vehicle teardown for an initial retail part price 
breakdown. No backup calculations such as in the form of 
spreadsheet files were available to determine accuracies of 
derived estimates. In addition, the statistical curve fitness 
values for the derived quadratic relationships were 
unavailable. An excellent job has been done by providing a 
step-by-step procedure using the methodology for 
estimating the incremental retail price sensitivity to annual 
production volume on p.14-16. 

The use of indirect cost factors to estimate the decrease 
in costs as the cumulative manufacturing volume increases 
over time is somewhat misnomer since this factor was 
initially applied to the assumed technology retail price 
besides the fact that one of the two major elements of the 
incremental price is indirect cost. A further description of 
this factor would have been helpful. The cost element 
breakouts in the incremental price based on 2010 RTI’s 2010 
heavy duty truck report seem to be reasonable. 

It’d be useful to provide the distinction between High 1 
and High 2 Technology Complexity cases. Based on ICF listed 
on Table 2, the cost reduction for High 1 with increasing 
production volume is higher than for High 2, implying 
thereby that incremental price will be higher for more 
complex technology High 2 than High 1. But the estimates 
shown by developed relationships in Tables 9 thru 11 
indicate otherwise. 

Methodology description 
revised to include more 
detail starting on page 15. 
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1.3: The underlying factors and assumptions used in the 

analysis based on the recent published research seem to be 
reasonable. Most developed technology incremental price 
curves showed a reduced marginal price with the increasing 
production volume, and the price leveling off at annual 
production volumes beyond 600,000. 

No change required. 

1.4: The incremental price and breakouts presented for the 
various vehicle technology categories seem to be credible 
and adequately supported. The share of direct vehicle 
manufacturing cost to the total incremental price increased 
with the increased production volume as shown in Tables 5 
thru 8. Also, the share of direct vehicle manufacturing cost 
decreased with the increased technology complexity. 
Validation of price breakouts using a few example 
technology cases considered would have been useful. 

Validation of RTI’s report is 
beyond the scope of the 
project. No change 
required. 

2.1: This section completely lacks the currently available 
information on the vehicle life cycle impacts of the identified 
technologies in the various vehicle categories. Life cycle costs 
tables were presented by the individual identified 
technologies but limited to only three cost categories, 
maintenance, replacement, and residual value. In most 
cases, estimates were shown as TBD and NNI indicating that 
the data was unavailable. In a few cases, estimates were 
shown without providing any reference for the data source 
used. In addition, fuel savings -- the major component of life 
cycle costs for fuel efficient technologies is completely 
missing. There was just a mention of it that fuel savings are 
determined from SwRI are not being included here. 

Life cycle cost elements 
are intended to inform full 
life cycle analysis with 
inputs outside the scope of 
this report. Section title 
changed to Life Cycle Cost 
Elements. 

2.2: A few life cycle cost elements were only presented and 
even in those cases have not been credible and adequately 
supported. Specifically, no fuel savings estimates for various 
technologies were provided. 

Comments addressed in 
SwRI Reports #1 and #2. 
No change required. 
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3.1: Most important indirect effects that may occur at the 

community- and economy-wide level as a result of adoption 
of fuel efficiency and emission reduction technologies have 
been discussed with estimates available in some cases, 
thereby limited consideration can only be given in the 
subsequent desired life cycle analyses. It is unclear why 
energy security premium on Table 51, p. 134-135, would 
decrease thru the year 2030 initially, followed by a decrease 
in 2035+. 

Indirect Effects section 
deleted from report. 

3.2: Major elements of the potential cost impacts associated 
with each of the indirect effects have been only been 
qualitatively discussed. A further research on how to 
quantify some of these effects would be useful. 

Indirect Effects section 
deleted from report. 

4.1: Overall, the report is well-organized. Since the report is 
based on a review of extensive literature research, an 
appropriate discussion of underlying assumptions would 
strengthen the report quality. 

Methodology explanation 
revised to include more 
detail starting on page 15. 

4.2: In most parts, the information provided in the report is 
limited to some extent in terms of underlying assumptions. 
Values selected for incremental prices of various 
technologies are most cases judgmental, without providing 
any detailed supporting explanation behind the selection of 
a particular reference. 

Methodology and source 
data are presented for 
transparency and 
replication (or 
modification if desired). 
No change required. 
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4.3: The problem of estimating incremental prices of medium- 

and heavy-duty vehicle fuel efficiency and emissions 
reduction technologies has been addressed really well using 
a cost-effective approach by drawing upon peer reviewed 
published studies and data. The report is well-organized in 
terms of an initial discussion of various cost elements by 
three major truck application types followed by actual price 
estimates including its breakdown based on a discussion of 
actual information source(s) in Appendix A.  

Major weakest parts of the report is in Appendix A while 
discussing supporting data and references data used for a 
selection of the incremental price range of a technology. The 
selection rationale in most cases is not intuitive and a 
general discussion by each technology and truck application 
type if included in the main body of the report would be 
useful. It is very hard now for a reader to decipher the 
reasons behind the selection of specific incremental 
technology price range estimate. 

Methodology description 
revised to include more 
detail starting on page 15. 

4.4: Additional comments by specific page number of the report 
have been included at the end of the report. 

No change required. 

5.1: The report is acceptable as is with the exception of 
quantification of life cycle cost elements and most indirect 
cost categories necessary for the follow-on life cycle cost 
analysis. Since the report draws upon reported incremental 
prices of published studies and data instead of significantly 
more expensive teardown analysis, some sort of validation in 
form of case studies and/or available price data for a few of 
the commercially available technologies would have 
strengthened the results presented. A summary discussion of 
incremental price estimates by technology and truck 
application type in the main body of the report would be 
useful. 

Executive Summary was 
added. 
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ADDITIONAL COMMENTS 

1.  p. 13 It is noted that the relative net income increases with 
increasing technology complexity – not found to be the case 
in Tables 5 thru 8. The net income share of incremental price 
was found to be the same in most cases and the transition 
from High 1 to High 2 Technology Complexity case caused a 
rather decrease in its share. 

The net income % 
decreases with increasing 
complexity (based upon 
2010 RTI HD report). No 
change required. 

 

2. p. 17-20 (Table 10 & 11): The incremental price of Weight 
Reduction per unit mass savings is estimated to be the same 
for Vocational and Line Haul vehicle types. The underlying 
assumptions behind substitution materials discussed in 
Appendix C (Vehicle Simulation and Vehicle Technologies) by 
vehicle type are unclear. Estimates used from Appendix A 
based on various sources require a validation of underlying 
assumptions before selecting the appropriate value. It is 
preferred that the data validation be done in all technology 
cases. 

Appendix C has been 
deleted from the Cost 
Report, although it 
remains a part of SwRI 
Report #1. Technology 
performance information 
is found in SwRI’s Report 
#1 and #2. Validation of 
peer reviewed sources is 
out of scope of project. No 
change required. 

3. p. 112: Life cycle costs – fuel savings are determined from 
SwRI are not being included here and thereby provides an 
incomplete picture of life cycle costs. 

Life cycle cost elements 
are intended to inform full 
life cycle analysis with 
inputs outside the scope of 
this report. Section title 
changed to Life Cycle Cost 
Elements. 

4. p. 118 -122: The battery replacement cost of $455 doesn’t 
seem to vary by truck type although power requirements are 
most likely to vary to some extent (p.118-119). Similarly, for 
hybrid electric vehicles on p. 120 and for Cab Insulation to 
Reduce A/C (p. 122). 

Cost ranges added using 
new data where possible. 

5. p. 128: Resale value has been shown only in the case Class 8 
6x2 Configuration. 

It’s difficult to find resale 
price data on new 
technology. The recorded 
resale data was found. No 
change required. 
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6. p. 34 & 35 : no incremental price difference between various 

truck classes (mainly for Class 2b&3 and Class 4-6) for 
Cylinder Deactivation, Stoichiometric GDI, Lean Burn GDI 
with SCR, Turbocharging & Downsizing, Engine 
Downspeeding, Low Friction Engine Oil (D) & (G), Engine 
Friction Reduction (D) & (G), Air Conditioning Improvements, 
Cab Insulation Price, Low Resistance Tires, Low Friction Axles  
& Lubricants? 

In many cases, engines are 
common or at least very 
similar across the range of 
2b – 6.   

No change required. 

7. p. 99-101: Incremental prices for low resistance tires seems 
to be too low, particularly $27-$30 for Class 8 truck? 

Data and analysis 
updated. 

8. p. 54: Engine Friction Reduction – prices same for Class 8 & 
Class 4-6? 

Data and analysis 
updated. 

9. p. 130- 131: Fleet Turnover Effects as a part of life cycle costs 
component was limited to a discussion of issues associated 
with it without any available estimates from the literature. 

Indirect Effects section 
deleted from report. 

10. E-1: When a large incremental price range is selected, e.g., 
$7,200-$30,200 for Class 8 Advanced Bottoming Cycle, the 
average price based on this wide range may be 
inappropriate. Further investigations in such cases may be 
necessary for the appropriate value range for consideration 
in the analysis. 

The range is the best 
estimate given our current 
sources. No change 
required. 

11. p. E-41 – E- 42: Although same information sources 
indicating no difference in costs between Class 2b&3 Engine 
Friction Reduction (G) & (D), but a lower cost value was 
assumed in the latter case. Similar trend was also observed 
for Class 4-6 Engine Friction Reduction cases as well but in 
this case no cost difference between Class 4-6 & 8 (D) vehicle 
type. 

Data and analysis 
updated. 

12. E-46 – E-47: Difference in cost between (D) and (G) but the 
same information sources used do not explicitly provide this 
distinction. 

All references were 
presented. Did not 
separate (D) from (G) 
sources. No change 
required. 
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13. E-59 – E-64 : It is appropriate to include only those 

references used for deriving the cost range of hybrid electric 
vehicle for different types instead of listing the same 
references in all cases. 

All references were 
presented. Did not 
separate sources by 
vehicle types. No change 
required. 

14. E-70 – E-75: No cost difference for Air Conditioning 
Improvements and Cab Insulation to Reduce A/C among 
three different vehicle types considered. The maxm. range 
value of $500 used in this case doesn’t appear to be from 
one of the listed sources. 

Technology content notes 
states range comes from 
the combination of 
sources. No change 
required. 

15. E-93 – E-100: Same information sources used for all vehicle 
types of Improved Transmissions – but the highest cost 
range used for Class 8 vehicle type was based on the 
estimates for Pickup trucks. 

Data and analysis 
updated. 

16. E-103: Class 4-6 Dual Clutch Automatic – What’s the 
selection basis for the higher end range value of $3,600 
although two of the sources identified to be $15,000 
instead? 

Data and analysis 
updated. 
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4. John Fillion 
 

Comment Response 
1.1: The literature review by Tetra Tech appears thorough for 

the target technologies and the cost estimates appear 
reasonable for each volume point. The tables and graphs 
represent a compilation of the cost for each of the target 
technologies; and the data should represent a valuable 
reference source for both experts and non-experts that 
require a working knowledge of the costs for the relevant 
technologies that might be used for future truck fuel 
economy improvements. The target technology descriptions 
in the appendix should be a valuable resource for non-
experts working in the area and a useful resource to the 
experts. While no cost prediction model can be completely 
accurate, it is expected that the predicted costs, by this 
report for the target technologies, would be in substantial 
agreement with the actual measured future costs for the 
target technologies should they be deployed. 

No change required. 

1.2: The methodology used by Tetra Tech is of good quality and 
scope. Estimating the future cost of technologies not yet 
deployed cannot be precise. The costs presented appear 
reasonable and more effort in this area would not bring 
about much improvement in these cost predictions. 
Consequently, the cost prediction method is acceptable as is. 

No change required. 

1.3: The factors and assumptions used by Tetra Tech are 
reasonable as viewed from the career experience and 
perspective of this peer reviewer. 

No change required. 

1.4: The tables and graphs from the tables are credible and 
properly supported. They will be a useful resource for the 
readers of the report. 

No change required. 



46 

Comment Response 
2.1: The term “Life Cycle Costs” is inappropriate for this report. 

Since this report is fundamentally driven by environmental 
concern of CO2 generation, the reader of the report 
legitimately would expect an environmental definition of the 
term life cycle. The expectation would be to read a 
comparison of the CO2 generation before the deployment of 
the target technologies compared to the CO2 generation 
over the life of the vehicle after the deployment. The report 
discusses the changes in the maintenance cost of the 
vehicles over the vehicle life time as a result of deploying the 
target technologies. The recommendation is to change 
section 4 title to “Vehicle Life Maintenance Cost”. Using the 
definition of maintenance cost for this study, the information 
represents a good compilation of the vehicle life 
maintenance cost for each of the target technologies. The 
majority of the technologies were listed as no net increase 
(NNI) which is logical and what would be expected. The 
readers of the report will understand that life maintenance 
costs will have a small effect on the overall cost of the 
vehicles, with most of the costs associated with increases in 
battery and tire maintenance cost. With the nomenclature 
changes suggested this section is acceptable as written. 

Life cycle cost elements 
are intended to inform full 
life cycle analysis with 
inputs outside the scope of 
this report. Section title 
changed to Life Cycle Cost 
Elements. 

2.2: The maintenance cost elements are credible and properly 
documented. 

No change required. 
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3.1: The analysis presents the important indirect effects that 

may result from the potential technologies deployed to 
improve fuel economy. The reader will gain the 
understanding that fleet turnover and rebound are subjects 
that will be affected by the future decisions. The study is 
correct in stating more information is needed to quantify the 
importance of fleet turnover and rebound. The discussion on 
incremental vehicle weight, manufacturability and product 
development, maintenance, repair and insurance are useful 
to the reader in that the discussions raise the awareness of 
the issues. The reader will also gain the understanding that 
these issues are relatively minor parts of the overall new 
technology discussions. The section on potential issues 
regarding human health effect, environmental co-benefits, 
and congestion could be deleted with no impact on the 
quality of the report. The quantitative effects that new 
technologies will have in these environmental areas is not 
well understood and the reader of the report will not gain 
much insight into these issues other than the fact that they 
are subjects that may be discussed in the future. 

The Indirect Effects 
section has been deleted 
from the report. 

3.1: There is a glaring omission from the report that might be 
included in this section, but should be included somewhere 
in the report; perhaps its own section would be best. A 
reasonable expectation for the reader of the report is to gain 
an understanding of the cost-to-benefit ratio for each of the 
target technologies. Imagine a manager hearing a 
presentation from his engineers regarding approval to 
deploy the target technologies in the truck fleet under his 
direction. He would want to know how much does the target 
technology cost, how long does it take to deploy, and what is 
the payback time for the investment. For each target 
technology there is a fuel economy improvement and a cost. 
The manager would want to see a chart that says at $4 per 
gallon for fuel the payback is so many years, $6 per gallon a 
shorter payback, and for $8 per gallon for fuel an even 
shorter payback. Perhaps the manager could give this report 
to his engineers and ask them to use the data in the report 
to build such a table; however, this is work that Tetra Tech 
should do and provide to the readers of the report. 

Only limited conclusions 
can be drawn from cost 
results alone. These cost 
results will be combined 
by the agencies with other 
analyses to calculate 
cost/benefits ratios. No 
change required. 
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3.2: The report raised the right indirect issues and provides an 

overview discussion. Actual field data is required to discuss 
these issues more completely; how to gain such data could 
be the work of a future study. The cost-to-benefit table 
mentioned above needs to be included here or elsewhere in 
the report. 

See response to item 3.1 
above 

4.1: The organization, readability and clarity of this report is 
good. The report will be a valuable resource for both the 
expert and non-expert in the field of fuel economy 
improvements. For the expert the report puts in one place 
useful information that the expert could reference in their 
own work. For the non-expert the content of the report and 
the reference literature will allow the reader to become 
highly conversant in the subject in a relatively short amount 
of time. 

No change required. 

4.2: The cost data is the area where both the expert and non-
expert will gain useful reference information which is the 
primary strength of the report. 

No change required. 

4.3: The cost data is the strongest part of the report while the 
discussions on the indirect effects is the weakest. The 
mention of the business issues regarding fleet turnover and 
rebound were good and raised the right discussion points. 
The effort to attribute a portion of the social cost of air 
pollution to trucks was not credible. The inclusion of a cost-
to-benefit table as mentioned above is necessary in order to 
discuss the target technologies in a reasonable way. 

The Indirect Effects 
section has been deleted 
from the report. The cost 
results from this report 
will be combined by the 
agencies with other 
analyses to calculate 
cost/benefits ratios. No 
change required. 

4.4: The report is a good compilation of the relevant target 
technologies for truck fuel improvements and a good 
estimate of their cost. With the inclusion of a cost-to- benefit 
table a discussion something like the following could take 
place. 

In order to reduce CO2 emissions, the government is 
considering increasing fuel economy standards for trucks. In 
order to improve profitability, truck companies are 
considering new technologies to increase the fuel economy 
of their fleets. Improving truck fleet fuel economy is a shared 

These issues are beyond 
the scope of the project. 
No change required. 
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goal for the government and the truck industry. It is 
recommended that this shared goal be leverage in the rule 
making process. Today each truck company has an internal 
policy regarding the payback required to deploy new 
technology. For example, the policy might be a 1 year 
payback, at $4 a gallon for fuel, to deploy a new fuel 
economy improvement technology. In order to drive the 
truck companies to increase their take up rate for new fuel 
economy technologies the payback policy needs to be 
changed. If the government could devise a regulation that 
caused the payback policy to be 3 years at $6 per gallon fuel 
cost, for example, there would be a significant increase in 
the take up rate for new technologies to improve fuel 
economy and thus reduce CO2 emissions. The government- 
industry debate could simply be a negotiation of an 
acceptable payback period for the desired level CO2 
reduction. 

Complementary to the cost-to-benefit table, it would be 
useful to have an environmental life cycle study for the 
target technologies (in addition to maintenance cycle of this 
report). In this study, the CO2 generated to create and 
deploy a target technology would be measured and 
compared to the CO2 saved through its use. Those target 
technologies that have a net positive CO2 reduction would 
also have a specific economic payback period. Thus a 
correlation table could be generated that linked CO2 
reduction to a payback period at various fuel costs. Using 
this approach it is likely that the point would be found where 
the increased CO2 required to deploy certain target 
technologies would not have a net CO2 reduction, and thus 
be counterproductive. It appears that Tetra Tech has 
sufficient data to make such a correlation study and they 
should be charged to do so. For truck fleets there is a strong 
correlation between net cost savings for new fuel economy 
improvements and net CO2 reduction; intuition suggests 
that there should be a wise way to leverage this government 
industry shared goal in the rule making process. 
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Comment Response 
5.1: The cost section is acceptable as is. 

The Life Cycle section needs its nomenclature changed to 
Vehicle Life Maintenance. The technical data is acceptable as 
is. 

For the Indirect Cost section, the human health and 
environmental co-benefits portion should be deleted. 

The inclusion of a cost-to-benefit table, preferably in its 
own section, needs to be included. 

It would also be helpful to have a CO2 based environment 
life cycle for each of the targeted technologies. The study 
would be useful - even if done at a low detail level in order 
to avoid excessive cost and time delays. 

With the above changes the report is classified as 
acceptable with minor revisions. 

These points have been 
addressed as described 
above. No additional 
changes beyond what has 
been stated above. 
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5. Kenneth A. Small 
 

Comment Response 
1.1: This question is outside my area of expertise. No change required. 

1.2-1  The approach used does not provide full confidence that 
the learning through volume, as opposed to learning through 
time, is accurately understood. This is important because the 
cost decrease as a function of cumulative volume has a 
significant effect on any use of this report. But its estimation 
is indirect: learning rates are specified as functions of time, 
not volume (Table 4); and only later are converted to 
functions of cumulative volumes based on assumed annual 
production volumes. This indirect approach is correctly 
noted in the report: “The time based short- and long- term 
indirect cost factors are used to estimate the decrease in 
costs as the cumulative manufacturing volume increases 
over time” (p. 10).  

The importance of accurately understanding volume-
dependent costs is illustrated by the possibility of 
technologies whose rapid early adoption become self-
reinforcing, as cost declines lead to further adoption; versus 
others whose slow early adoption becomes self-limiting, due 
to continued high costs. Apparently a model based on the 
results of this report can indeed capture these effects, but 
somewhat by accident since the information is originally 
derived from assumptions about learning over time, not over 
volume. 

NHTSA requested the 
analysis to be presented in 
terms of volume rather 
than time for their 
modeling analysis work.  
This analysis is beyond the 
scope of the current 
project.  No change 
required. 

1.2-2  The NRC report (Reference 54), relied upon extensively 
in this report, discusses hydraulic hybrid vehicles at length. 
Some justification is needed for why such vehicles are not 
considered here. 

SwRI reports #1 and #2 
address the technology 
selection process. No 
change required. 
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Comment Response 
1.3-1  Cost reductions due to learning and cumulative volume 

are assumed to apply only to indirect costs. Yet it seems 
likely that direct manufacturing costs would also decline due 
to learning and cumulative volume. For example, 
manufacturing process improvements could lower the 
requirements for labor and materials. 

Direct costs also decline 
with increasing volume. 
No change required. 

1.4-1  The text on p. 10 indicates that only the components of 
indirect cost, rather than their total, is further broken down 
using the volume-dependent cost contributions of Tables 5-
8. If this statement is true, then the time path of overall cost 
reductions due to learning is represented solely by the three 
numbers given in Table 4. These numbers appear to be 
judgmental based on averages over widely varying 
conditions, and are not an adequate basis for estimating the 
effects of learning and cumulative production volume. 

If the statement on p. 10 is not true, then the actual 
volume-dependent cost decline is hidden in Tables 5-8. In 
that case, the brief citation in note 8 (p. 13) is inadequate to 
support such an important part of the cost methodology. 

Methodology explanation 
revised to include more 
detail starting on page 15. 

1.4-2  Figures 1 through 91 constitute the main results, but 
this is very spare way to present them. This conciseness is no 
doubt needed to present the large number of technologies 
considered, but the format makes no distinction between 
major and minor technologies, and is inadequate for the 
former. Specifically, it would be valuable to provide more 
detail for selected technologies that are likely to be 
important to regulatory design. I suspect one such 
technology is hybrid electric, due to its very high incremental 
cost and its popularity for light-duty vehicles. In this case, 
and probably others, the report needs to summarize the 
analyses in the cited references, the degree of certainty, the 
likelihood of the numbers being up to date, and the 
likelihood of major changes in the technologies and/or their 
incremental costs that may occur between now and the time 
regulations would go into effect. 

Rating the importance of 
technologies to regulatory 
design is outside the scope 
of this project. No change 
required. 
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Comment Response 
1.4-3 In Figures 1 through 91, I presume the unexplained error 

bars surrounding the line for total incremental price 
represent the high and low end of the ranges. This form of 
presentation uses the same symbols often used to represent 
statistical measures of uncertainty behind scientific 
numbers, but there is no corresponding statistical concept 
here. Rather, it seems that the curve shown is simply the 
midpoint of the range. Using the midpoint as a best estimate 
implicitly assumes that the uncertainty surrounding that 
estimate is symmetric, which in this case would mean that 
the range limits are equally likely and there are no 
intermediate cost estimates that are relevant to 
understanding the uncertainty. It is unlikely that such 
assumptions are valid. More likely, there is a range of 
estimates whose distribution might suggest a most likely 
value different from the midpoint between the two most 
extreme estimates. I can understand that it is not practical to 
provide a thorough analysis of the uncertainty in each 
estimate for these 91 technologies, but it must be possible 
for some of the more important ones and this is needed for 
credibility of the resulting numbers. (See also  
comment 1.4-2.) 

The vertical bars in the 
charts represent the low 
and high values used to 
calculate the median. Text 
added on page 15. 

2.1-1. It is mostly adequate. See however comment 2.2-1. No change required. 

2.2-1 In Tables 12-48, the actual “residual value” is likely to 
depend on the form of regulations, and thus may not be 
predicted by past experience. For example, the note to Table 
47 says “Negative residual value represents the lower resale 
value of a 6x2 tractor when compared to 6x4 tractors.” The 
problem is that this point of comparison (the price of a used 
6x4 tractor) can itself depend on regulations. If regulations 
directly discourage use of 6x4 tractors, then their price 
would fall as a result, so this predicted negative residual 
value might not actually occur. On the other hand, if 
regulations discourage new 6x4 tractors but do not 
discourage a firm from purchasing a used 6x4 tractor, the 
value of such used tractors might be enhanced due to their 
scarcity, making the negative residual of a 6x2 tractor 
even larger. 

Phase 2 regulations only 
apply to new vehicles and 
would not affect the use of 
existing vehicles. Residual 
values are reported by the 
North American Council 
for Freight Efficiency 
(2014). No change 
required. 
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Comment Response 
3.1-1 The breadth of coverage and understanding of the 

issues is appropriate and impressive. 

3.1-2 A potentially important omitted indirect effect is that on 
road wear. Changes in number of tires, vehicle weight, and 
VMT can all affect road wear, and hence road maintenance 
costs. 

The Indirect Effects 
section has been deleted 
from the report. 

3.2-1 The discussion on p. 130 of timing of purchases may be 
taken to imply that acceleration or deceleration of purchases 
are equally likely. Actually a decision to “delay purchase to 
get more efficient vehicles (“post-buy”)” is less likely than 
the opposite because if there had been market demand for 
those vehicles, they probably would have been produced. 
This is true unless there are inefficiencies in the vehicle 
manufacturing market that prevent manufacturers from 
converging on design changes that would have market 
demand  . 

3.2-2  Table 51: The columns in this table do not match in any 
obvious way the categories in the verbal discussion. 
Specifically: 

(i) “Monopsony” in the table refers to the ability of the United 
States, as a large player in international oil markets, to 
influence the world price to its advantage. One effect of the 
US having monopsony power might be to counter-act the 
“near-monopoly power” of OPEC, although monopsony 
power may have an impact on world price even in the 
absence of such near-monopoly power. In addition, this 
component of the energy security premium can be viewed as 
reflecting high oil prices throughout the economy, not just 
for gasoline and diesel fuel as implied by the wording. 

(ii) “Macroeconomic Disruption/Adjustment Costs” in the table 
refers mainly to the effects of price spikes on overall 
economic growth. These effects are the results of oil supply 
shocks from any cause, not just political unrest or OPEC. The 
point of including them as indirect costs is that they 
presumably become smaller when oil-based fuels become a 
smaller part of the economy. 

The Indirect Effects 
section has been deleted 
from the report. 
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Comment Response 
4.1-1 Overall the organization is transparent and the text 

clear, except where noted. 
No change required. 

4.1-2  p. 131, experience from 2007 standards: “The peak [in 
Class 8 Truck Sales in 2006] corresponds to the incremental 
cost increase for the new standard (around $10,000 for the 
2007 standards).” Presumably this means that the peak 
coincides with the onset of the new standard, and thus 
might plausibly be caused by the associated cost of around 
$10,000 per vehicle. 

The Indirect Effects 
section has been deleted 
from the report. 

4.2-1  p. 15: Step e in the example on p. 15 contains an 
unexplained equation, as well as a grammatically 
problematic sentence: “A power function formula is used 
estimate the initial years.” Apparently this means that the 
transition between the short term multiplier (1 year) and the 
long-term multiplier (5 years) is a gradual one described by 
this formula. But no justification is given for such an 
equation, nor an indication of how the exponent in the 
formula is chosen. I infer that it is chosen so that after 5 
years, the short-term multiplier (1.39) multiplied by the 
power function equals the long-term multiplier (1.29); but I 
can’t make the math work out to get the numbers shown. 

4.2-2  p. 15: Steps d and g-j of the example introduce 
“Newness”, a quantity defined nowhere in the report. It is 
said to be derived from Tables 2-4, but those tables do not 
contain any entry called “Newness”. Perhaps it refers to the 
result of applying the learning rates of Table 4 to a given 
number of years?  

4.2-3  Figures 1-91: These figures, showing total incremental 
price as a function of cumulative volume, are each labeled 
with an equation, but there is no indication how it is derived. 

Methodology revised to 
include more detail 
starting on page 15. 
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Comment Response 
4.2-4 The text might address whether there is significant 

potential for inter-modal shifts between trucking and air 
freight. If so, such shifts might have an effect on economy-
wide fuel use opposite to that of shifts between trucking and 
rail freight. 

4.2-5  p. 136 note 22: The reference cited is a secondary one, 
i.e. not the original source of the statement. The statement 
attributed to “the NAS committee” actually occurs in the 
committee’s own report, namely the National Research 
Council report of Reference 54, p. 153. This committee 
would be more properly described as a National Research 
Council committee rather than an NAS committee. (The 
National Research Council is operated jointly by the National 
Academy of Sciences, the National Academy of Engineering, 
and the Institute of Medicine.) This authorship is correctly 
indicated in the citation to Reference 54 (Appendix A) as well 
as the list of references in Section 6. 

The Indirect Effects 
section has been deleted 
from the report. 

4.3: Strongest part: Extensive collection of engineering studies 
to estimate and document the costs of adding specific 
technologies. 

Weakest parts: Lack of discussion of the accuracy of and 
uncertainty surrounding data from the cited references (see 
comments 1.4-2 and 1.4-3). Lack of rigorous basis for how 
incremental costs depend on cumulative production volume 
(see comments 1.2-1 and 1.4-1 ) 

Report addressed these 
points as described above. 
No additional changes 
beyond what has been 
stated above. 
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Comment Response 
4.4-1  p. 132, “Ton-Miles Traveled vs. Rebound”. This 

discussion is accurate and valuable. It is worth noting here a 
difference between the rebound effect for trucks and that 
for cars. With cars, it is reasonable to take vehicle-miles as 
the variable measuring quantity demanded, which will 
respond to changes in cost per vehicle-mile. With trucks, 
cargo ton-miles is the relevant demand-related quantity, and 
it may respond in a more complex way to changes in cost per 
truck-mile, since trucking firms have several options for 
adjusting the mix of vehicles they use in reaction to 
particular regulatory-induced changes in vehicle costs and 
characteristics. In particular, if changes in truck design 
reduce the payload, they might increase rather than reduce 
price per ton-mile and this would tend to offset the 
“rebound effect”. 

4.4-2 Wording, typos, etc: 

 p. 130: “rebuild old vehicles and extend its life” 

 p. 133: “complexity scalability”??  

The Indirect Effects 
section has been deleted 
from the report. 

5.1: (3) Acceptable with major revisions. The major revision is 
to fully assess the degree of confidence that can be placed in 
the incremental cost estimates. This requires a deeper 
discussion of selected technologies, choosing those most 
likely to be significant in responses to fuel efficiency 
standards. It also requires analysis of how a most likely value 
can be derived from the full set of estimates available, not 
just the highest and lowest estimate. See comments 1.4-2 
and 1.4-3. Minor revisions are needed to clarify various 
unexplained derivations, as detailed in other comments in 
this peer review. 

Where available, 
preference was placed on 
peer reviewed sources. No 
additional changes 
beyond what has been 
stated above. 
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6. Kenneth Vieth 
 

Comment Response 
Before digging into the five questions that comprise the 

scope of this review, several comments are in order :  

First, any objective measure of the technologies under 
review was obscured by the fact that this mandate was to 
review the cost of the technologies, but not the benefits of 
those technologies. To that end, the absence of any bang-for-
the-buck capability essentially mooted higher level insights that 
could have been brought to bear regarding end user payback 
timing and the impact of that timing on the commercial vehicle 
demand cycle. 

SwRI Reports #1 and #2 
address this topic. Payback 
analysis is outside the 
scope of this report. No 
change required.  

Second, while the costs of the technologies and the 
incremental manufacturing costs were estimated in detail 
across a matrix of manufacturing outputs, very little in the 
analysis considered the product’s end users - truckers. The very 
short timeline of the 2004-2010 EPA regulatory push to clean 
up NOx and particulate matter suggests that end-user behavior 
has received the short shrift in the impact analysis of mandates. 
For a comparable progression of technologies and associated 
costs, European regulators took an additional three years to go 
from Euro 4 in 2005 to Euro 6 in 2014. 

Since the end of the massive prebuy of equipment in 2006 
ahead of EPA’07, there has been a meaningful increase in the 
chronological age of the total Class 8 fleet in the U.S., from 8.7 
years in 2006 to 9.9 years at the end of 2014 (ACT Research 
data). Perhaps it is coincidental, rather than causal, but it is 
worth noting that since 2008, the point at which fleet age rose 
substantively, there has been virtually no change in the 
number, or rate, of heavy truck related fatalities on U.S. 
roadways following a long stretch of continuous improvement. 

Discussion outside the 
scope of this report. No 
change required. 
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Comment Response 
Third, and to the point mentioned above, regulations in the 

U.S. tend to be “stick,” rather than “carrot” based. In the heavy-
duty market, EPA’04 and EPA’07 are examples of mandates that 
raised the cost of vehicles with no usage-based payback for the 
end user. Adding insult to injury, truckers who were required to 
purchase technologies that provided no operational payback 
and raised maintenance costs were also taxed for the privilege 
of paying more (Federal Excise Tax [FET] + State). So, the tractor 
sleeper that in 2002 was an estimated $95,000 + 20% tax (FET 
@ 12%, state @ ~8%) vehicle is, after EPA’04, ’07, ’10, 
Advanced On-Board Diagnostics (AOBD), and Corporate 
Average Fuel Economy (CAFÉ) ‘14 a nearly $130,000 + 20% tax 
vehicle today. That jump in vehicle cost raised truckers’ tax 
burden by $7,000. While some of that higher cost is related to 
commodity costs, and certainly some increment for margin 
preservation on the part of the truck manufacturers (OEMs), it 
is not a stretch to suggest that the vast majority of the price 
increase and subsequent increase in the new truck buyer’s tax 
burden is directly related to regulation. In a word, punitive. 

While the desire for cleaner air is applauded, it seems to this 
reviewer that the objective should be to encourage truckers to 
buy new trucks, rather than to hold on to their old trucks 
longer. While it is recognized that different departments have 
different mandates and different authorities, getting Congress 
into the act could pay substantive dividends if cleaner air is the 
desired outcome: A phasing out of the 12% FET on new truck 
purchases, replaced with a revenue neutral (or even revenue 
positive) increase in diesel fuel tax, would reinforce the desired 
behavior by making new trucks more affordable to purchase 
and older trucks more expensive to operate. 

Discussion outside the 
scope of this report. No 
change required. 
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Comment Response 
Finally, of the 40 technology options offered, natural gas as 

an alternative, cleaner burning fuel did not crack the list as a 
technological solution. While not a chemist, and recognizing 
that natural gas is a carbon based fuel, it has nevertheless been 
this reviewer’s assumption that natural gas was a cleaner 
alternative to diesel with half the carbon of diesel - at least at 
the molecular level. All the more shocking in the absence of a 
natural gas option was that Hybrid Electric Vehicles (HEVs) were 
a considered solution, especially with the knowledge that coal 
and natural gas will most often be the sources of electricity 
generation. 

Natural gas vehicle cost 
and HEV performance are 
addressed in SwRI report 
#2. No change required. 

1.1: As costing models are not this reviewer’s area of expertise, 
I am not aware that there are any relevant data sources that 
were overlooked in the literature review of the analysis.  

That said, one obvious shortfall in the costing data is a 
lack of real-world pricing across all currently existing 
products. Tire pricing in tables 67-69 are just one example. 
Relying on studies rather than real-world data for existing 
products seems a bit sloppy given the importance of this 
regulation. Calling on companies is hard work. On the other 
hand, going to tirerack.com is not particularly arduous and 
you can get real-world pricing in real-time across a range of 
products. Heavily leaning on a study done back in 2002 
(reference 28), and some even earlier studies, for an array of 
technology pricing comes off as not trying very hard. 

Tirerack.com does not 
provide incremental retail 
costs of LRR tires for HDVs. 
Since the peer review 
period, additional sources 
such as 2014 NRC MD/HD 
report were added. Data 
and analysis updated. 
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Comment Response 
1.2: In reviewing technology pricing, I tended to focus on those 

technologies related to heavy trucks (this reviewer’s 
specialty) as well as those technologies with extreme gaps in 
pricing estimates. The problem this reviewer saw with many 
of the technologies with large pricing discrepancies was 
oftentimes a lack of rigor in checking the results and making 
sure that what was being considered would fall under the 
heading “apples to apples.” Several examples follow.  

Per the last paragraph in response to question 1.1 above, 
a second major shortcoming that could also be classified as a 
lack of rigor, or perhaps inadequate methodology, was the 
lack of real world pricing for existing products. A week of 
phone calls and a couple days on the internet could have 
gone a long way to more relevantly bracketing actual pricing, 
rather than relying on old reports and inflation adjusting 
decade-old pricing estimates. 

The price comparisons 
have used peer reviewed 
sources for incremental 
retail prices. Other sources 
were used to fill in data 
gaps. Generating new data 
to replace peer reviewed 
sources was outside the 
scope of this project. No 
change required. 

1.2: In the case of Classes 2b & 3 Cylinder Deactivation (G) 
(table 10 & 11), the side note in reference 54 indicates that 
the low price estimate ($75) is not an apples to apples 
comparison, and a mid-point of the side note would be 
~$300, suggesting a still wide, but closer incremental price 
gap. So, why was an outlier included in the table, or why 
wasn’t the data properly adjusted? 

The $75 is a valid lower 
range value (not outlier). 
Data shows price 
difference between OHC 
and OHV technologies 
from source material. No 
change required. 

1.2: There was an excellent sample of supplier pricing for 
Auxiliary Power Units (APUs) (tables 42-43). However, pricing 
data for Low Rolling Resistance (LRR) tires (table 68) was not 
supplier based and not clearly laid out: Class 8 units, or Class 
8 and trailer combo? When the tractor/tractor-trailer 
denominator wasn’t specified (as it was in table 69 
examples), it was assumed the references were tractor-only. 
In the case of LRR tires (table 68), the cost is given as an 
increase of $25-$35 per tire, but in 3 of the 5 references, 
system cost was put at $550 (tires only). Given that a 
traditionally spec’d Class 8 tractor comes equipped with 10 
tires, that math works to $55 per wheel. And again, with 
tires, there are any number of tire sellers on the web 
providing comparative pricing across a range of tire types 
and brands. 

The incremental price of 
$550 is assumed to be for 
18 tires (including the 
trailer), which comes out 
to about $30/tire. No 
change required. 
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Comment Response 
1.2: For wide-single tires (table 69), the low-end estimate of 

$90 from citation 80 appears to be an outlier. The other 
estimates suggest citation 80 should have been measured as 
per axle, rather than as a tandem cost: In the other citations, 
the prices range from a $140-$150 upcharge in references 7 
and 42, $175 in references 28, and $225 in reference 54. 
Again, not hard to check. 

The $90 estimate comes 
from the 2014 National 
Research Council report 
that stated the tandem 
cost of wide base single 
tire with a ferrous wheel is 
$360 (360/4=$90) and 
$768 for wide base tire 
with aluminum wheel 
(768/4=$192). $90 to $192 
is the range we used for a 
single wide tire replacing 2 
standard width 
tires/wheels.  No change 
required. 

1.2: As a final example suggesting that the effort put into the 
technology pricing section of the report lacked rigor, the 
Class 8 Reduced Aftertreatment Backpressure (Table 35) 
serves as an example: Only 2 of 10 citations addressed diesel 
engines, and one of those two citations, adding a Selective 
Catalytic Reduction (SCR) system (reference 54, cite 2), is the 
de facto standard in heavy truck engines today. This 
effectively leaves one citation for the incremental 
price estimate.  

Given the relative ease in finding some fairly substantive 
deficiencies in the pricing data, there are significant 
questions raised regarding the effort expended in finding the 
best pricing data available. Per the examples presented 
under question 1.2 in regard to the pricing data, there was a 
clear lack of rigor in chasing down real-world pricing, a 
failure to make sure citation comparisons were apples to 
apples, and the use of citations that don’t specifically 
address the technology in question. Finally, to that I would 
add the heavy reliance on reference 28 as a pricing guide: 
While reference 28 undoubtedly cites a great report, I 
suspect it was even more relevant when it was compiled 
in 2002. 

Publicly available data on 
incremental retail prices 
was used.  Preference was 
given to peer reviewed 
sources.  No change 
required. 
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Comment Response 
1.3: Per previous comments, pricing analysis is not a part of this 

reviewer’s background. However, a lack of real world pricing 
and a reliance on some very old analysis (even after 
adjusting for inflation), and in some cases what is perceived 
as sloppy math, or at a minimum vague citation, leaves one 
wanting a higher level of diligence. 

Generating new data to 
replace peer reviewed 
sources was outside the 
scope of this project. No 
change required. 

 

1.4: While there appear to be good levels of supporting 
documentation, the disparate conclusions drawn on pricing 
suggest that not all of the supporting documentation 
answers the same question. This phenomenon is illustrated 
in the very first technology presented in Table 1, the “Class 8 
Advanced Bottoming Cycle.” The cost estimates range from 
somewhere between $7,200 and $30,200. Obviously, a 
better understanding of the cost and maintenance of adding 
a waste-heat capture system is needed: At $7,200, advanced 
bottoming is an expensive solution and will disrupt the 
demand cycle pre and post mandate, but with a healthy 
boost to fuel economy, say 10%, there is a visible path to 
payback. At $30,200, we are talking about a mandate so 
expensive that even with a robust fuel economy payback, 
commercial vehicle production for the United States, after a 
massive prebuy in front of the mandate, would be all but 
shut down for multiple years post-mandate and truckers 
would focus their efforts on maintaining existing fleets.  

Based on ACT Research analysis, in the $7,200 and 
$30,200 examples above, both with 10% fuel economy gains, 
the period to payback in the first example for a fleet running 
90,000 miles/year would be a not-unreasonable 28 months. 
In the second example, payback is at an illusory 110 months. 

We worked with the cost 
range that is in the 
literature.  This is not a 
production technology, so 
cost information is 
speculative. Generating 
new data to replace peer 
reviewed sources was 
outside the scope of this 
project. No change 
required. 
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Comment Response 
1.4: There are other high dollar technologies with wide variance 

in the cost estimates. Class 8 diesel APUs are a good 
example, with prices ranging from $6,000 to $12,000. Again, 
the wide price disparity suggests two different outcomes in 
terms of market acceptance and impact on the demand cycle 
for Class 8 units. Additionally, one company under reference 
54 differentiates their price to include Diesel Particulate 
Filters (DPFs) and an additional $3,000 for the California 
market, raising the question regarding the rest of the 
estimates: are DPFs included or not? If DPFs are not 
included, perhaps the range for DPF costs needs to be set 
higher by $3,000. And, to the extent that a large portion of 
the fleet travels to California, California Air Resources Board 
(CARB) regulations, especially for the long-haul over-the-
road market essentially become de facto rules for national 
carriers, so should be considered in any discussion regarding 
the heavy truck market. 

DPF costs were added to 
APU technology. Data and 
analysis updated. 

1.4: Hewing back to Hybrid Electric Vehicles (HEVs) in tables 40 
through 41, with pricing estimates ranging from $9,000 to 
$50,000 from the low end of Class 2 to the high end of Class 
8, these are the kinds of solutions that will put demand on 
hold, cause tradespeople and truckers to drive older 
equipment, and by extension make the roads less safe for all. 
Additionally, in the case of Class 8, where something like half 
of the loads weigh-out, the addition of sufficient batteries 
would eliminate payload, causing a greater need for trucks to 
do the same amount of work. 

The cost information from 
this report with benefit 
information from the 
other reports will be used 
by the agencies to 
determine the 
cost/benefit ratio. 
Discussion out of scope for 
this project. No change 
required. 
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Comment Response 
2.1: As I am not a trucker, leasing company, OEM, or parts 

supplier, my qualification to answer questions regarding life-
cycle costs are limited.  

That said, given that there are 37 tables (numbered 12 to 
48) under Section 4 of the base report on life cycle costs, and 
only one paragraph touching on methodology/providing any 
explanation at the start of the section, there is absolutely no 
support/justification for the maintenance and replacement 
conclusions reached throughout this section. 

And again, getting to the level of diligence in the 
technology report broadly, for most technologies, “To Be 
Determined” (TBD) is a favored choice for maintenance, and 
NNI (No Net Increase) is liberally used under the 
replacement cost heading. It is hard to believe that the 
addition of a variable displacement pump (Table 13), for 
example, will have “NNI” for maintenance or replacement, 
especially given an “n/a” life cycle interval, or that a system 
that might add $30,200 to the cost of a vehicle, Class 8 
Advanced Bottoming Cycle (Table 12), would have “NNI” 
replacement cost and an “NNI” residual value at the end of 
first owner life (which is also not quantified). 

Added text stating there is 
limited maintenance, 
replacement, and residual 
value data due to the 
technologies being new 
and not being widely 
deployed for long periods 
of time. “NNI” text 
replaced with “TBD” text. 

2.2: Comments pertaining to question 2.1 apply to this question 
as well: The life cycle cost elements are presented, but they 
are not supported with commentary or any description of 
how estimates were derived. Additionally, there is not a 
consistent standard for measuring changes in maintenance 
costs: In some cases it is cents per mile, in others it is on a 
percentage basis (but without a baseline from which to 
derive cost in cents per mile). 

The maintenance costs 
were from the sourced 
documents or based upon 
similar technology that 
TIAX worked on. This 
report kept the units that 
they were originally 
reported in. No change 
required. 
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2.2: Using Table 12, the first table in the section, as an example, 

how was the $0.003 cents per mile increase in maintenance 
for Class 8 Advanced Bottoming Cycle derived? Given the 
inherent number of parts in a system that could add up to 
$30,000 to the cost of a Class 8 truck, can we believe that 
annual maintenance over 100,000 miles will only be $300? 
Further, does that maintenance number include any ancillary 
costs for disposal/storage of the steam generating fluids? 
While not discussed, are these fluids inert, and will truckers’ 
maintenance shops require special training for their 
handling? [Note that the Appendix, Table 1, citations 7, 58, 
and 60 all mention steam, suggesting that a fluid is a part of 
the solution.] 

$0.003/mi is the bottom-
up estimate in the 2009 
NESCCAF/ICCT/  SwRI/TIAX 
report and 2010 National 
Research Council report, 
based upon the 
prospective bill-of-
materials. No change 
required. 

2.2: Similarly, in Table 14 on Variable Valve Actuation a 10% 
increase in maintenance is cited: In Table 12, the measure 
was cents per mile. Now, we have arrived at a 10% increase 
at 100,000 miles. What does 10% represent in terms of cost? 

The 10% increase is the 
estimated incremental 
cost for a valve job at the 
100,000 miles 
maintenance interval.  The 
baseline cost for valve 
adjustment is not 
available.  No change to 
text. 

2.2: As a final example, in Table 23 on Stop/Start, the table 
shows that brake wear will drop 5% over 45,000 miles, but a 
$455 battery will be required at 100,000 miles. Factoring for 
the net impact is impossible with the data provided. 
Additionally, there is no background on how the 5% brake 
wear savings over 45,000 miles was derived. 

Deleted reference to 
reduced brake wear. 
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3.1: One thing that was not apparent in this section, nor 

anywhere in the document, was a recognition by the writers 
that the goal of the regulation should be the biggest bang in 
fuel economy/greenhouse gas reduction for the fewest 
bucks and that a cost-benefit analysis should be applied to 
regulation to ensure that buyers of equipment are 
encouraged, rather than dissuaded from upgrading their 
fleets. This is especially true if the purpose of the regulation 
is to facilitate clean air, rather than to change truckers’ 
buying habits as was acknowledged in the first sentence of 
the second paragraph on page 130, “… reduced operating 
costs can potentially affect the turnover of vehicle fleets.” 
The only misstatement in that snippet is the word 
“potentially.” Changes in operating costs have and do impact 
truckers’ buying decisions.  

Along those lines, and acknowledging the business cycle 
as a facilitator of buying behavior in 2006-2007, the 
sentences indicating that the run-up in sales in 2006 “may be 
partially attributable…” and the falloff in sales in 2007 “may 
be partially attributable…” are wrong: While the size of the 
prebuy ahead of EPA’07 is debatable (was it 80,000 or 
90,000 units?), there is no “may be” in fact that a prebuy 
occurred. Whether looking at order, backlog, or production 
data from the period, medium duty (MD) and heavy duty 
(HD) truck buyers overbought trucks starting in 2005 and 
through 2006 to initially avoid a punitive mandate that 
raised costs and tax liabilities, increased vehicle complexity, 
and by extension maintenance. Neither the sharp rise in 
demand in 2006, nor the sharp plunge in 2007 is justified by 
macroeconomic data: Given that the economy was strong 
through 2006, why did order activity collapse in late Q2’06? 
And with little difference in late 2006-early 20007 GDP 
(Q4’06, GDP was 3.2% (Q/Q SAAR), while in Q2’07, GDP was 
3.1%), why did sales collapse so dramatically in 1H’07? For all 
of 2007, the ATA’s Truck Tonnage Index fell 1% from 2006, 
but U.S. Class 8 build and sales volumes fell by 55% and 
46%, respectively. 

The Indirect Effects 
section has been deleted 
from the report. 

3.1: Given the gross “may be” misstatement of the situation in 
2006-2007, a history lesson to correct the public 
record follows:  

The Indirect Effects 
section has been deleted 
from the report. 
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Not only did trucker have the willingness to initially avoid 

the technology, because a mandate with no payback for the 
equipment buyer hit at the top of truckers’ profit cycle, they 
also had the ability to avoid the technology. The attached 
two years of data, from September 2005 through August 
2007 and gathered by ACT Research Co., definitively show 
the impact of the EPA’07 mandate on demand in 2006 
and 2007:  

 

As well, the data suggest that a major prebuy was 
narrowly missed ahead of the EPA’04 mandate, the timing of 
which was accelerated by the engine manufacturers’ 
Consent Decree by five quarters. But for the fact that credit 
was essentially unavailable, used equipment prices were at 
worst in history levels, trucker profitability was also at worst-
ever lows, and there was generally complacency amongst 
the Class 8 trucking community towards EPA mandates, 
there would have been a fairly large prebuy – again for a 
mandate with no path to payback: a significantly higher new 
truck price, reduced fuel economy, and increased 
maintenance costs. While there was a willingness on the part 
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of truckers, worst-ever market conditions meant that the 
ability to buy was missing. While the prebuy is not visible at 
an annual level, it can clearly be seen in the monthly data:  

For a period of seven months, November 2001 to May 
2002, U.S. Class 8 orders (trucks and tractors) were more 
than double the seven month periods immediately preceding 
and following: 

USC8 net orders             Units (Avg./Mo.)  

April’01 - October’01     7,500 

November’01 – May’02  16,100 (+147%)  

June’02 – December’02    6,800 (-58%) 

 

Build activity was not as condensed as orders, but nearly 
so. In the eight months covering the build ramp, production 
was over 50% higher than in the preceding eight month 
period, with a Rorschach-like trough period post mandate: 

USC8 Build       Units (Avg./Mo.) 

July’01 - February’02     9,100   

March’02 – October’02  14,100 (+54%) 

November’02 – January’03   9,600 (-32%) 
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3.1: The two examples of prebuy, one large and one small, 

occurred when truckers’ costs outweighed the benefits 
derived by the technology. Likewise, there was no prebuy 
ahead of EPA regulations in 1988. 1991, 1994, 1998, or 2010, 
nor in the face of the CAFE’14 mandate. As mentioned in this 
review’s opening comments, the sharp rise in new Class 8 
truck prices, with no path to payback, has cause a sharp rise 
in overall fleet age in the United States as truckers have had 
to keep trucks longer to justify new vehicle costs. Also noted 
was the fact that since 2008, what had been an extended 
period of falling heavy truck related highway fatality rates, 

has basically been stalled since 2009. 

The Indirect Effects 
section has been deleted 
from the report. 

3.1: Regarding the rest of section 5, there is a sense in reading 
under the Ton-Miles Travel and Rebound piece of the section 
that very little real-world knowledge was considered: 

• Because shipping costs are so high, and until recently, fuel 
costs as well, there has been a concerted effort amongst 
shippers and truckers to rein in mileage. Owing to sharply 
higher transportation costs brought about by driver wages, 
oil prices and equipment costs, starting around 2006 there 
has been a concerted effort by shippers to increase freight 
density through package and product redesign. 

• It is my experience that freight rates fall when there is too 
much capacity relative to freight demand. Changes in 
operating costs brought about by emissions mandates up or 

The Indirect Effects 
section has been deleted 
from the report. 

U.S. Class 8 Population Model Outputs:
Average Age, TOTAL Population

1995 - 2015

ACT Research Co., LLC: Copyright 2015

9.
5

9.
5

9.
5

9.
5

9.
4

9.
2 9.
2 9.

3 9.
5

9.
4

9.
3

9.
0 9.

1

9.
4

9.
7

10
.1 10

.3 10
.5 10

.6

10
.6

10
.6

8.
7 8.
8 8.
8

8.
7

8.
3

8.
3

8.
5

8.
7

8.
9

8.
9

8.
8

8.
6

8.
9

9.
2

9.
5

9.
8 9.
8

9.
8 9.
8

9.
8

9.
7

94 96 98 00 02 04 06 08 10 12 14 .
8.0

8.5

9.0

9.5

10.0

10.5

11.0
Avg. Age in Years

Tractors
Trucks



71 

Comment Response 
down don’t change that math. As an example: Even as 
operating costs went up post 2007, because truckers bought 
so many trucks in 2006, freight rates fell. Similarly, and in 
regard to modal comments, what typically happens when 
trucking prices rise is that intermodal prices follow   . 

• A comment in paragraph 2 on page 132 was especially 
disappointing to read, considering that most Americans have 
seen wages stagnate over the past ~15 years. To paraphrase 
and take the inverse of the statement, if transportation costs 
more, consumers won’t be able to buy as much. It would 
seem to me that making transportation cost more in the U.S. 
makes it more likely that goods are manufactured in 
countries with lower emissions standards and end up being 
transported even greater distances. Not only elitist, but 
irrational as well!  

Once again, this brings us back to the notion that a 
successful emissions mandate is one that improves 
emissions and is close to operating cost neutral as possible.  

Regarding the commentary on petroleum in section 5, it 
was obviously not only written prior to the recent decline in 
oil prices, but the comments suggest it was written prior to 
hydraulic fracturing revolutionizing domestic energy output 
starting around 2008. If “energy security” is a pressing 
concern (it was mentioned twice in a generally brief 
petroleum commentary), I reiterate my surprise that natural 
gas was not one of the technological avenues considered in 
this regulation.  

Regarding the commentary on the healthy benefits of 
regulation (Tables 49 and 50), there were no mentions of the 
purpose of the discount rate, or why 3% and 7% were 
chosen. While one would assume the 3% and 7% choices 
were to represent government and business related cost 
adjustments, this is certainly not clear from the reading. 
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3.2: The answer to question 3.1 gets to the heart of the 

revisionist history presented in this section and problems 
with the concept of rebound, the lack of awareness with 
what has been happening in the energy sector over the past 
~decade regarding rebound, and the lack of “back story” on 
the section on pollution costs that was lost without reading 
the 7 citations in that section. Again, some rational behind 
the chosen discount rates would have been helpful.  

Given there were only a couple of paragraphs each 
tackling the complex subjects of congestion and incremental 
weight effects, those sections got the point across that 
choices in a complex system have consequences. 

The Indirect Effects 
section has been deleted 
from the report. 

4.1: The reports were readable and the organization of the 
supporting documentation was consistent throughout. So, 
they are fine as is. However, as the question was asked, 
following are a couple of thoughts:  

The layout of the document was arranged by technology, 
rather than by vehicle type. This made the reading of the 
documentation, in this reviewer’s opinion, more challenging 
as more flipping through the material was required to look at 
the technologies as they impacted the light, medium, and 
heavy-duty market segments separately. 

To that end, because the buyers, vocations, mileage, 
speeds, etc. are so different when analyzing the different 
markets, it is this reviewer’s opinion that the reports would 
have been more informative had they been segmented by 
duty. 

We chose to keep 
technologies together, so 
that readers could see 
how technology costs 
varied over vehicle classes. 
No change required. 

4.2: As stated in the preamble to the Peer Review Charge 
questions, it is difficult to examine the value of any 
technology without an understanding of the benefits of the 
technology to the desired goal of the regulation. 

This comment is addressed 
by SwRI Reports #1 and #2. 
No change required. 
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4.2: And as the answers to questions 1, 2, and 3 suggest, there 

was a decided lack of rigor found in both the incremental 
and life cycle cost sections, to include a lack of real-world 
pricing when applicable, pricing references that were not 
always apples-to-apples, a lack of documentation with 
regard to the life-cycle cost section as well as inconsistent 
cost estimates (US$ versus %). Finally, there were a number 
of subject headers under section 5 that suggest the analysis 
was “dialed in”: The conclusions in the history portion of the 
indirect effect section were inaccurate, and the commentary 
on petroleum was accurate in 2009, but requires some 
updating to reflect changes in oil sourcing that have 
occurred. 

What is needed?  

In term of the costing section, a detailed review of each 
technology, to include the use of the phone and the internet 
where products are actually available in the market. See 
previous comments on tires.  

For the life cycle cost section, we could start with the 
definition of “end of first-owner life.” As mentioned, a 
consistent dollars and cents based metric would provide 
more meaningful comparisons than “5%.” Also, with so many 
n/a, TBD, and NNI responses, there were virtually no 
meaningful takeaways from this section. To that end, some 
discussion of methodology when prices were there, and 
some reasons why other cells were essentially left blank 
would be in order. 

Except in cases where it is 
out of scope of this 
project, responses and 
changes due to the 
comments are addressed 
above. No additional 
changes beyond what has 
been stated above. 

4.2: For section 5, I provided ACT Research data to show, 
definitively, that there was a prebuy ahead of EPA’07 in 2006 
and even a very small prebuy action ahead of EPA’04 
through the middle of 2002. I believe words like “probably” 
and phrases like “may be partially attributable” at a 
minimum need to be struck from the text, if not replaced by 
more accurate words like “absolutely” and phrases like 
“definitely contributed to.” 

The Indirect Effects 
section has been deleted 
from the report. 
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4.3: If we were grading on volume, I would give the report an A. 

Considering this peer review group was tasked with only 
reading one portion of the report, our section was still a 
hefty 141 pages, complete with 120 page appendix. 
Unfortunately, “big” does not mean “good.”  

This question comes-off as redundant to the second part 
of question 4.2. So, to paraphrase the paraphrasing:  

Section 1 (and appendix): Inconsistent. Used very old 
studies for pricing guidance. In some cases, pricing was not 
apples to apples. 

Unfortunately, peer 
reviewed price sources 
tend to be old. Generating 
new data to replace peer 
reviewed sources was 
outside the scope of this 
project. No change 
required. 

 

4.3: Section 4: The vast majority of the 37 tables had more n/a, 
TBD, and NNI, than answers. A brief paragraph per table 
regarding conclusions (or lack thereof) would have been 
helpful. 

Added text stating there is 
limited maintenance, 
replacement, and residual 
value data due to the 
technologies being new 
and not being widely 
deployed for long periods 
of time. “NNI” text 
replaced with “TBD” text. 



75 

Comment Response 
4.4: I prefaced my comments stating that the best outcomes 

are those derived from the harvesting of the lowest hanging 
fruit, where there is buy-in from the most important 
constituency, truck buyers. The rapid adoption of CAFE’14 
compliant vehicles, which deliver bang-for-the-buck 
operating cost improvements, are a great example of the 
intersection of goals of regulators and truckers. What we 
saw ahead of EPA’06 provides an inverse example. 

Importantly, and to that end, technology cost impacts are 
often non-linear. In this report, many of the methodologies 
and projections are based on linear models and presumed 
effects. Simple and easy to understand, linear models often 
work well, especially with small delta events. Major costs 
moves on the other hand, especially when accompanied by 
no avenue to payback for equipment buyers, or mandate 
five-figure disruptive technologies, can have non-linear 
outcomes with exponentially adverse impacts. A technology 
that carries a big five-figure cost will trigger a distortive 
prebuy and cause truckers to maintain existing equipment 
longer, thereby defeating environmental objectives. 

Discussion beyond the 
scope of the project. No 
change required. 

5.1: Based upon my review, I would assign a grade of 3 to the 
report. While the structure is adequate, there are significant 
shortfalls in execution. A listing of those shortfalls follows: 

The technology cost estimate section needs to be gone through 
with a fine-toothed comb to clean-up inaccuracies, and for 
those products that are available today, pricing should be 
accessed from vendors, either by phone or over the internet. 

Since the peer review 
period, additional sources 
such as 2014 NRC MD/HD 
report were added. Data 
and analysis updated. 

 

5.1: For the life cycle cost section, there needs to be better 
documentation of how maintenance, replacement, and 
residual values were derived (or not).  

 

Added text stating there is 
limited maintenance, 
replacement, and residual 
value data due to the 
technologies being new 
and not being widely 
deployed for long periods 
of time. Text added on 
page 113. 
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5.1: There needs to be a good look through the document to 

clean up ambiguities:  

Table 2: Define short and long term 

Tables 49-50: Why those discount rates 

Methodology description 
revised to include more 
detail starting on page 15. 

5.1: The parts of section 5 regarding energy, were written 
before North America became a juggernaut in global energy 
markets  

The portion of the report discussing the history of regulatory 
impacts in regard to impacting heavy truck demand, entitled 
Fleet Turnover Effects, soft sells the impact of regulatory 
costs on demand and does not address the adverse non-
linear impacts of high-cost regulations. 

The Indirect Effects 
section has been deleted 
from the report. 
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	Structure Bookmarks
	• Battery APU ($5,000) 
	• Engine downspeeding: ($2,000) 
	• Engine friction reduction: ($225) 
	Also sometimes when the lines cross the total incremental price and the direct costs lines, it is hard to tell which variable the line is representing? (Figures 1-7  ) 
	 
	P. 132: Rebound effect 
	With the above changes the report is classified as acceptable with minor revisions. 
	June’02 – December’02    6,800 (-58%) 




