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A Concise Medium for Industrywide
Dissemination of Railroad
Fuel Savings Measures
by Christopher L. Saricks® and Kenneth M. Bertram®

ABSTRACT

CENTRALLY-ORGANI-ZED corporate
DPrograms to reduce operational con-
Sumption of petroleum fuels consistent
With service requirements and safe prac-
dees are in relative infancy in the rail
Industry, A day-long coordination meet-
Ing held in Chicago in early 1982 involv-
Mg designated fuel conservation officers
O several railroads and representatives
government and the academic com-
Munity confirmed that no substantial
Consensus has formed regarding the
Most cost-effective measures to cut fuel
emand. An issue still unresolved for
Most carriers is the determination of
JUst how much diesel fuel is not being
Droductively used, some meeting partici-
Pants having estimated that up to 5%
of fuel purchased is unaccounted for at
Some point in the distribution system.
though fuel inventory monitoring and
¢ontro] are improving significantly, it is
stil] very difficult to estimate with as-
lsul'ance how much less fuel need actual-
‘-V, e purchased or how much other costs
Q‘fc‘n change if a given conservation
;;atezy is implemented. Nevertheless,
th forts to disseminate infox:matlon
N roughout the industry on a wide va-
i’ety of fuel-conserving techniques
% ould continue, according to this group.
N ile the Association of American Rail-
t°ad§, the Federal Railroad Adminis-
sratxon and individual carriers have
Ponsored extensive research on reduec-
t3°n of wastage and potential alterna-
altvc fuels, data and information gener-
ed by these efforts had not been as-
Stmbled into “ready reference” format
COvering Loth operational strategies and
€apital investment opportunities.
d N order to meet the need for a con-
tlse compendium of information relating
00 uel conservation in railroad freight
Perations, a “matrix” was developed at
. Tgonne National Laboratory which
Ummarized a wide variety of fuel-
ca"mg measures and their associated
OSts and benefits. Organizational ap-
af.oaCh and technique were consistent
th that applied to the earlier formu-

¢ *Argonne National Laboratory, Cen-
°r for Transportation Rescarch.

lation by Argonne of a matrix for use
by the maritime shipping industry. In-
formation was derived primarily from
technical sources and manufacturers’ lit-
erature. This matrix was reviewed by a
panel of experts from the rail industry
and was revised based upon their cri-
tique. In its final form, it lists 38 fuel
savings measures under seven principal
headings. These headings are:

© Education, Understand, Follow-
Through;

Moving Train Operation;
Stationary Locomotive Procedures;
Control of Fuel Inventory;
Capital Investments;

Developing Technologies;
Alternative Energy Sources.

©0 0008

Special emphasis is placed on well-con-
ceived education and training programs,
improved fuel inventory control and
handling, reduction of empty freight car
miles, and elimination of unnecessary
idling, all identified by the coordination
meeting participants as crucial to any
railroad energy cost reduction program.

The matrix has been distributed free
of charge to over 120 domestic rail car-
riers.

1. BACKGROUND

Central-organized corporate pro-
grams to reduce operational consump-
tion of petroleum fuels consistent with
service requirements and safe practices
are in relative infancy in the rail in-
dustry. In spite of recently plummeting
fuel prices, these programs in no way
appear threatened with an early death.
For those carriers that have delegated
fuel conservation authority to specific
individuals in the management struc-
ture—authority that may cut across
traditional lines of divisional organiza-
tion—the vision and active encourage-
ment of Chief Executive Officers have
been essential elements in the success of
this approach. Noteworthy for sustained
accomplishment among carriers that
have moved in this direction are the
Chessie System (CSX Corporation), the
Union Pacific, Illinois Central Gulf, Chi-
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cago and North Western, Santa Fe, and
Burlington Northern. TFFuel conservation
officers for these roads, with the support
of top management, have helped instill
‘a fuel-saver consciousness amons em-
ployees in almost every capacity, such
that mechanical, operations, and main-
tenance divisions across the system are
coming to recognize that they share
‘many more concerns, interests, and re-
sponsibilities than standard practice in
‘the “throwaway fuel” era may have led
‘them to believe. Originally top-down
‘programs, these fuel conservation efforts
-are now paying off in enthusiastic staff
involvement, with many useful recom-
‘mendations for procedural change being
put forward by trainmen, dispatchers,
‘mechanical engineers, and others on
lower rungs of the corporate ladder.
That these recommendations are fre-
‘quently adopted is of great credit to rail
carriers in this new era of deregulated
operation, and indicative of the recog-
nition that, when corporate opportuni-
ties expand dramatically, good ideas to
capitalize on them may be found at all
levels of theorganization.

Fuel inventory control and use con-
stitute a special problem in rail opera-
tions relative to other modal carriers
because there are so many opportuni-
ties for unaccounted ‘“leaks” to develop
in the system from acquisition to dis-
posal of the liquid product. The rail
freight system cannot count on achieve-
ment of near uniform control over the
fate of its fuel inventory in normal rev-
enue service. That is, upper and lower
limits on expected fuel use for a given
type of operation have yet to be defined
with useful precision for any circum-
stance. With their high variability in
power requirements, aerodynamic drag,
terrain effects, and non-fuel costs, train
movements represent much less of a
“closed system’ than do the operations
of waterborne vessels, pipelines, or even
trucks. It is nevertheless critical to the
financial health and viability of modern
railroad operations to find ways to con-
tinue to improve on gallon-per-ton-mile
fuel efficiencies which, though far su-
perior to those of the early 1970’s (when
diesel fuel averaged $0.10/gallon pur-
chased in quantity), could not prevent
Class I railroad consumption of a near-
record 0.6 quads of petroleum in 1980,1
when freight was still moving at pre-
recession levels. Although railroad rev-
enues were relatively healthy in 1980
(the fuel consumption figure primarily
indicates a high volume of traffic), fu-
ture profitability will rest significantly
on cach company’s ability to control its
fuel and other variable costs in a busi-
ness climate in which oil price changes
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may be insensitive to the peaks and
troughs of economic cycles.

The Association of American Rail-
roads (AAR), the Federal Railroad Ad-
ministration (FRA), the U.S. Depart-
ment of Energy (DOE), and individual
railroad companies have actively pur-
sued reasonable and effective measures
to reduce fuel consumption in the rail
system.2 No one source of guidance on
implementing these measures has been
accepted as universally appropriate, al-
though acquaintance with and utiliza-
tion of available published documents
and other resources have been increas-
ing. This paper focuses on the develop-
ment, refinement, and distribution of
one such resource: a rail energy effi-
ciency measures matrix prepared at Ar-
gonne National Laboratory (ANL) as
part of a program begun in 1981 to as-
sess the parameters of fuel use for the
chief freight haul modes and codify mea-
sures and strategies to reduce fuel de-
mand and cost per unit of haul.

The program was sponsored by the
Office of Vechicle and Engine Research
and Development, U.S. DOE, whose Pro-
gram Manager of Heavy Duty Trans-
port, EW. Gregory II, provided the in-
sight that guided the effort at ANL:
namely, that freight operators need
brief single-source documents (compiled,
as necessary, from widely-scattered
sources of information) to promote and
systematize fuel cost reduction efforts
by their organizations. A key element
of each document would be verification
or updating of published estimates of
potential fuel savings by means of in-
formation exchange and, where possible,
consensus of a coordination meeting in-
volving experienced industry operators
and researchers from government and
academia. The first product of this pro-
gram, a matrix (ready-reference chart,
with annotations) of over 60 maritime
fuel savings measures directed at water-
borne carriers in U.S.-foreign trade, was
distributed to fuel officers of over 1050
U.S. and foreign shipping companies.
Over 100 requests for additional infor-
mation were received by ANL from
owner/operators in 28 countries.3 The
success of this effort indicated that a
similar approach could be adopted for
the domestic rail industry. Thus, draw-
ing on the best available sources of
quantitative information and checking
their reliability with authorities both at
large and in the aforementioned coordi-
nation meeting, ANL researchers sought
to extract succinet yet comprehensive
descriptions of the most successful
short-term and most promising interme-
diate- and long-term measures for fuel-
related operation and capital investment.
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;I;UGY therg endeavored to compile these
£ Ia concise ready-reference chart use-
ul to railway management.

2. PROCEDURE

21 Liter?.ture Review and
Matrix Preparation

The literature review conducted prior
0 Ppreparation of the draft reference
¢hart, or measures matrix, encompassed
e Government agency contract tech-
]‘lca]_ reports, trade journals, AAR pub-
leations, and literature of railway
fquipment suppliers and manufacturers.
VO one segment of these source cate-
gol‘les' uniformly provided transferable
Guantitative estimates of fuel savings
Or given measures or strategies. Esti-
Mates of percent or gallons of fuel saved
under given conditions appeared most
Often in  manufacturers’ literature.
While the reliability of manufacturers’
Cbl{ns could not be directly ascertained,
Similar difficulties were encountered in

€ Interpretation of results of research
berformed under contract, because the
€gree of control on or changes in con-
ltions during tests were not always
Otumented. In the end, it was decided
0 cite for the matrix all sources in
Which at least some attempt was made
t(; Quantify fuel savings (perhaps 25%
01 total sources consulted) and to pro-
Vide appropriate cautions on those esti-
Mates in a remarks column.

The draft 10-page matrix identified
Sets of fuel savings measures under two
Primary improvement area categories:
l0ncraticns (near-term and/or quick-re-
Sponse measures) and capital invest-
Ment (middle- to long-term measures).
'Or each measure, the matrix identified
the type of equipment or personnel tar-
Beted, nonfuel cost considerations (in-
Vestment, labor and maintenance), pay-

ack period on investment (were appli-
Cable), and fuel cost savings based on a
Price of $1.20/gallon for diesel #2 oil
and a hypothetical linehaul of 7 million
ton-miles. Parameters with these values
Would place this haul about halfway be-
tween the extremes of unit coal train
Movements (western coal to utilities)
and premium trailer-on-flatcar express
Service. In many cases, due to the wide
Variability in operational circumstances
Under which a particular measure could

e implemented, fuel savings were char-
Acterized as ‘operation specific,’ and not
assigned a numerical value. Based on a
DPrincipal finding of the work leading to

evelopment of the earlier maritime ma-
trix, motivational development programs
for personnel were assigned first posi-
tion among near-term priority measures.
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2.2 Industry Coordination Meeting

In order to refine the matrix through
guidance and revision recommended by
persons directly or indircetly involved in
rail fuel conservation programs, ANL
convened an Industry Coordination
Meeting on Rail Energy Efficiency Mea-
sures at the headquarters building of
the Atchison, Topeka and Santa Fe Rail-
way Company in Chicago on January
29, 1982, The roll of attendees is in-
cluded as Appendix A to this report.
Fuel conservation officers for several
railroads and representatives of the
AAR, the academic community, and rel-
evant federal agencies were invited. Be-
cause of constraints on travel time and
budgets, ANL contacted only railroads
headquartered in Chicago and nearby
midwestern cities. All but one of the in-
vited railroads were represented at the
meeting and three lines each sent two
representatives. Attendees from a con-
necting (belt) service operator as well
as from large intercity trunk carriers
contributed a broad and lively mix of
viewpoints to the working group’s dis-
cussions of specific matrix measures.

Among items for which there was
general agreement was that the pub-
lished estimates of fuel savings cited in
the draft matrix were highly question-
able when generalized, and their relia-
bility was restricted in most cases to the
particular conditions under which the
tests that produced them were conduct-
ed. No one in attendance could report an
experience on his own carrier in which
results of the magnitude claimed by
most of matrix references was achieved;
and for those few percentage estimates
deemed reasonable by meeting partici-
pants, there was a brief that synergis-
tic effects were probably present. Re-
garding the method chosen to report the
magnitude of expected fuel savings in
the matrix, participants agred that it
would be more useful to decision-mak-
ers if different performance yardsticks
were applied to different types of oper-
ation. For example, strategies related to
smooothing out ‘sawtooth’ speed profiles
for a line haul (such as adding a fourth
phase to block' signaling, reducing reli-
ance on power braking, and -cutting
maximum speeds) are closely related to
crew runs in a specific topographical
regime and thus should be assessed ac-
cording to gallons saved per crew run
(disaggregated, where possible, by ter-
rain/average grade conditions). Elimi-
nation of unnecessary idling by yard
duty engines should result in fuel sav-
ings measurable per hour of service of
these engines. As anticipated, partici-
pants concurred that, whatever yard-
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stick is used, little real fuel saving will
result without education, motivation and
training programs designed to secure
the active and understanding participa-
tion of enginemen, dispatchers and other
personnel in a systematic conservation
effort.

The participants could nct agree on
usefulness of locomotive add-on control
and monitoring devices touted by their
manufacturers and promoters as signifi-
cant fuel savers. Some participants al-
lowed that at least the presence of such
devices could make enginemen more
aware of the need to save fucl, but all
concurred that the engineer was the key
ingredient in any fuel-efficient train
movement, and many cited practices
now in force on their respective rail-
roads that essentially obviated the add-
ons. However, the belief was wide-
spread that development of a reliable
fuel-flow or ampere-hour meter for the
locomotive cab would be useful and very
welcome.

A more general issue of fuel use and
control came to light when inventory
security procedures were mentioned.
Simple padlocking of fuel storage tanks
was cited as a measure with considerable
immediate benefits in eliminating suk-
stantial pilferage losses. Nevertheless,
some carrier representatives estimated
that as much as 5 to 10% of purchased
fuel is still unaccounted for at some
point in the distribution system.

Non-industry attendees were again re-
minded that TOFC, COFC and other
inter-modal operations do not save fuel
for the railroads, though they may re-
duce petroleum consumption in the na-
tion at large. Inter-modal transportation
is a premium service offered by trunk
haulers in order to compete for hicher-
value traffic with other railroads and the
trucking industry: horsepower-per-ton
ratio and thus fuel consumption per
revenue mile is the highest of any reg-
ular line-haul operation. If the railroads
could move this traffic by conventional
means and remain competitive, they
would do so.

The issue of increased non-fuel costs
of fuel-savings measures was raised
with respect to regularizing mainte-
nance practices (to keep locomotives “in
tune”), reduced operating speeds,
power/tonnage matching programs, and
aerodynamically efficient consist group-
ing. With labor agreements involving
crew change frequency and sorting and
blocking procedures in transition, most
of the added cost factors of the latter
measures could prove to be less trouble-
some in the future. Because of the rela-
tively high non-fuel costs, however, the
representatives doubted that the experi-
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mentation by some roads with unifornr
inspection schedules for locomotives
would be universally adopted. That is,.
many carriers would continue to shop-
motive power only when it was bad-
ordered.

There was a surprising degree of op-
timism about emerging capital invest-
ment opportunities, although individual
viewpoints were again tempered by an
understanding of the dimensions of pro-
cedural obstacles in ecapital budgeting-
that would have to be overcome before
substantial energy-related cost savings
could be realized from such investments.
Installation of wheel slippage control.
systems for improved rail adhesion re-
ceived favorable reaction as an effective
and relatively inexpensive near-term
means to increase trailing gross tonnage:
without increasing horsepower require-
ment. Both hybrid truck/train equip-
ment and lightweight TOFC/COFC mul--
tiple units such as the Santa Fe “Fuel
Foiler” and TTX “4-Runner” won a pos--
itive response for their success at re--
ducing tare weights and increasing fuel:
efficiency of intermodal hauls (though
some manufacturers’ claims were termed’
exaggerated). Santa Fe has identified a
fuel saving of up to 6000 gallons with
Fuel-Foiler® on its Chicago-Barstow:
round trip runs (about 4000 miles). Po-
tential alternative fuels to diesel oil #2-
were viewed with some skepticism, since
the modifications required of existing-
engines to burn these fuels without in-
creased damage and wear are still un-
specified.

With respect to electrification, an as-
sertion that “if we had the catenary up,.
we’'d go electric today” was generally
accepted; but only one of the railroads
represented was actively moving toward
overhead electrification on one of its.
lines at that time, since outlays required
for substations, new communications.
and signalling, and civil reconstruction
in addition to catenary would boost total
electrification cost to over $1 million per-
mile in many cases. Given that there is
a capital shortfall of $13 to $16 billion
for needed improvements in the industry
overall, and a backlog exceeding $6 bil-
lion of deferred capital maintenance and
construction,4 the perception by meeting-
attendees appears accurate that signifi-
cant new electrification is unlikely in the
near future. Moreover, despite the sub-
stantial saving in propulsion fuel cost.
per ton-mile of movement represented
by electrified vis-a-vis all-diesel opera-
tion, overall savings including net of
capital investment was not believed by
the participants to exceed 20%. When
discussion of a return to direct coal-
firing of locomotives as an alternative
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arose, carrier representatives acknowl-
edged the substantial progress in steam
Propulsion technology and efficiency
SInce the twilight of the steam era.
Owever, they were reluctant to en-
Orse a return, even for specialized pur-
Doses, to direct coal firing, due to in-
Creased ash disposal costs, water re-
Quirements, and the attendant (but un-

Spbecified) cost of new infrastructure re-
Quired.

Due to time limitations and a general
Teluctance to plunge into the turbid wa-
ers of policy recommendations, the
Working group at this meeting, although
asked to do so, did not develop a rank-
Ing package of ‘most promising mea-
Sures’ to be featured above all others in
€ matrix. This again may be charged
to the recognition that there is danger
In generalizing any strategy over all
ypes and conditions of rail operations.
e working group was satisfied to
3gree that well-cenceived education and
famming programs, improved fuel inven-
Ory control and handling, reduction of
empty freight car miles and elimination
O unnecessary idling would comprise at
fast g part of whatever energy cost re-
uction program evolved and successful-
rS(’) géained momentum on any given rail-
ad,

23 Revision of Matrix

Based on the Industry Coordination
Meeting Results, the draft rail matrix
Underwent substantial revision. The di-
Vergence between the position on fuel
Savings estimates taken by the meeting
attendees and the numbers reported in

¢ sources used for the draft matrix
led to o decision to adopt a two-column
Teporting format for fuel-savings esti-
Mates in the revised matrix: one col-
Umn for published results and manu-
acturers’ and/or researchers’ claims,
and the other for the working group
¢onsensus. In most cases, the entries

Oor a given measure were not incom-
batible between columns; however,
Where substantial disagreement was
Present, ANL sought to avoid implying
8reater credence of one source over an-
other. Thus both columns were retained
Whenever information was available,

The headings under ‘Additional Cost’
Investment, Maintenance, Other) were
Teplaced by Fixed Cost and Variable
osts, in order to separate the notion of
capital acquisition requirements and
Tegular (joint) operating expenses from

at of avoidable costs. For some mea-
Sures virtually all non-fuel costs would

e one-time fixed investments; for oth-
€rs, costs would accrue on a regular ba-
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‘sis and might be divisible from other op-

erating accounts. Railroads need to
know how long they might expect to
continue paying for a fuel efficiency im-
provement, and whether the costs will
likely rise or fall over time.

Where it was impossible to do so, fuel
savings for linehaul-related measures
were not expressed in gallons per move-
ment increment. This did not complete-
ly comply with the coordination meeting
consensus, but was at least a step closer
to what was desired. It was noted with
some disappointment that the propor-
tion of measures for which only the “op-
eration specific’” descriptor can be ap-
plied increased considerably from the
draft version of the matrix. On reflec-
tion, it was realized that this davelop-
ment generally supported the perception
gained in undertaking this investigation
that the results of experimental/con-
trolled research conducted on test tracks
and benches fail to provide the kinds of
answers needed by railroad fuel conser-
vation officers, particularly in trying to
sell a program to their Chief Operating
Officers. For this reason, and because of
the continued disparity in fuel utiliza-
tion procedures across operations and
among carriers, no consensus has yet
formed regarding the most effective
(and cost-saving) measures to cut fuel
demand in all applications.

As a final modification to the matrix
format, categories of measures were ex-
panded according to the time horizon of
expected implementation. At the very
near-term end, “Modification of Existing
Operations” includes major subheads of
Education / Motivation / Follow-Through,
Moving Train Operation, Stationary Lo-
comotive Procedures, and Control of
Fuel Inventory. The ‘Capital Invest-
ments’ category was disaggregated to
separate likely near-term measures from
‘Developing Technologies’ and ‘Alterna-
tive Energy Sources.’ Under these re-
vised headings, several specific measures
for the draft matrix were consolidated
under generic headings (e.g., electrifi-
cation was broadened to include wayside
energy storage) while others (e.g., re-
ducing the tare weight of intermodal
hauls) have been expanded into multi-
ple measures. A few measures not re-
viewed at the meeting—largely involv-
ing friction-reducing equipment—have
been added. ANL believes that the cur-
rent 9-page version of the matrix rep-
resents an appropriate consolidation of
the results of the literature review and
the Industry Coordination Meeting in
reporting the maximum useful data ob-
tained from each within the constraints
of the desired compact format.

The list of references containing spe-
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cific fuel-savings estimates that were
used in preparation of the matrix is in-
cluded in Appendix B to this report.

3. DISTRIBUTION

In August, the matrix in its present
form was mailed to Industry Coordina-
tion Meeting participants and to a se-
lected list of qualified rail industry per-
sonnel and academicians for a final re-
view. The recommendations arising from
this review were incorporated into the
matrix and the final version prepared in
October. The matrix has now been
mailed to over 120 domestic rail carriers,
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and the AAR has requested (and re-
ceived) permission for further reproduc-
tion. Copies are available on request
from the Center for Transportation Re-
search of Argonne National Laboratory-

Termination of this project at the
close of fiscal 1982 has precluded add}"
tional follow-up to assess the industry’s
reaction to and utilization of fuel-saving’
information in this matrix format.
Moreover, the concern arose at Argonne
and in the media as 1982 drew to a close
that the continuing decline in diesel fuel
price would deflate much of the indusf:l‘y
interest in information on fuel-saving
techniques that was so enthusiastically

APPENDIX A
Attendees:

ANL Rail Energy Efliciency Industry Coordination Meeting—January 29, 1982

Name and Position

Michael Arakelian
Director, Locomotive Operations

Mike Bronzini
Associate Director

G. Richard Cataldi
Energy Engineer,
Research & Testing Department

Tom Dorsey
Marager, Encrgy Systems

Jerry Fazekas
Assistant Superintendent,
Equipment and Locomotives

Conan R. Furber .
Manager, Energy Studies and Director,
Research & Testing Department

Bert Larzelere
General Road Foreman

Hank M. Lees, Jr.

Director, Energy Conservation
Dale Long

Mechanical As:zistant

Cole Oechler
Executive Representative

Bill Sadler
Manager, Energy Conservation

Mike Volkmar
System Fuel Officer

Ken Bertram
Center for Transportation Research

Chris Saricks
Center for Transportation Research

Organization

Chicago & North Western Railway
Transportation Center

University of Tennessee
Association of American Railroads.

Illinois Central Gulf RR

Indiana Harbor Belt RR

Association of American Railroads

Indiana Harbor Belt RR

Burlington Northern, Inc.

Atchison, Topeka and Santa Fe Railway
Missouri Pacific RR

Illinois Central Gulf RR

Chicago & North Western Railway-
Argonne National Laboratory

Argonne National Laboratory
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tXpressed at the coordination meeting.

sat;
en

liSSfbelief was refuted, to our great

ce on
n Memphig
Obies ang
SYmposiums
Clene

action, by the agenda of a confer-
railroad energy technology held
in December. The variety of
carriers represented at this
1 confirmed that energy effi-
¥ 1s still and will continue to be

Eﬁ?r the top of the list of rail industry
J2ctives for the 1980’s.

\

+ Bi-Modal
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are documented in: Fuel Conservation in Train
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Report No. R-506 (December 1981). v

3 Bertram, K. M. and Saricks, C. L., Sum-
mary of International :Maritime Fuel Conservp-
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