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1. TECHNICAL APPROACH

Introduction

This volume reports on application of the TSC Freight Energy Model to two
transportation supply options whose energy conservation features have been
widely advertised by their respective proponents. The first option is
increased use of run-through TOFC, and it is examined within the context of
truck/rail competition for the movement of manufactured and processed
commodities. The second option is nationwide legalization of double trailer
operations on all divided highways. This option is studied as a submode of
the highway mode; that is, competition between double trailers and single
trailers for baseline truck traffic is addressed. These two options are
hereafter referred to as "Run-Through TOFC" and "Double Trailers",

respectively.

Information essential to a complete understanding of this analysis is
provided in the other volumes of this report. The TSC Freight Energy Model
is described in detail in Volume 2 and the freight network and operations
database is presented in Volume 3. Volume 1 summarizes the model and

data and presents baseline results for 1972 and 1990.

The remainder of this chapter states the objectives, procedures, and
assumptions of this study, and summarizes the baseline results for 1990.
Chapter two covers the Run-Through TOFC option, and chapter three
presents the Double Trailers case. A summary and conclusions are provided
in chapter four. The Appendix to this volume contains copies of the
computer output summary reports from all model runs discussed in this

report.



Objectives and Procedures

The modeling experiments presented below were undertaken for two reasons:

] to test and demonstrate the ability of the TSC Freight Energy
Model to provide useful analyses of energy conservation options;

° to obtain preliminary indications of the energy-use, cost, and
service consequences of implementing Run-Through TOFC or
Double Trailers.

In that the first objective was the more important of the two, no efforts
were made to coax out of the model every bit of accuracy that is obtainable.
In particular, no iterations or successive approximations of supply/demand
equilibrium were attempted. Hence the quantitative results presented do

not reflect complete adjustment to changed transportation circumstances.

Both of the options were tested under 1990 network and transport demand
conditions. The procedure used was to simply insert each option separately
into the network and operations data, and then run the transportation
network model. Shipment inputs for these runs were the same as for the
1990 baseline run. *In all cases, t.he model was run in an unconstrained
fashion, i.e., the model was allowed to make all relevant modal choice
decisions. Those shipments not involved in the intermodal competition under
study were assigned to the same mode and path as in the 1990 baseline run,
primarily to conserve computer resources. The distinction between
competitive and fixed-choice shipments is taken up in the discussion of each

option in later chapters.

Baseline Results

A complete discussion of the 1990 baseline results obtained with the TSC
Freight Energy Model appears in Volume 1 of this report. To provide a point
of departure for assessing the energy conservation options, those results are
summarized here. Some technical details concerning baseline model inputs
for 1990 are also provided.

* The commodity flow input data available for this project represented
only about 40% of the total truck tonnage.

-2-



® 1990 Network

The 1990 intercity freight network is very similar to the base year (1972)
network. Only a few major pProjects and trends, either already operational
or virtually certain to be in effect by 1990, were included in the updated
network. The following specific changes were made:

° The Ohio River link/node structure was revised to include new
locks and dams at Hannibal, Willow Island, Cannelton, Newburgh,
Uniontown, and Smithland. Each location features a main
chamber 1200 feet long by 110 feet wide and an auxiliary 600 x
110-foot chamber. The smaller locks which these new projects
replaced were removed from the network.

° The Tennessee-Tombigbee Waterway was added to the network.
The ten new locks, all 600 x 110-foot structures, were placed in
class AK600.110, and the channel links were assigned the same
functions as class BW/TOMB/MO.

e The capacities of Locks 26 on the Mississippi River and Gallipolis
on the Ohio River were increased by 20,000 kilotons per year, to
reflect either structural or lock management improvements. The
capacity parameters of the corresponding time, energy, and cost
functions were increased by the same amount.

° Coal commodity adjustments for the rail mode were revised to
show an increase in thL - norortion of traffic handled in unit
trains from 33% to 50%. nevised factors are given in Table 1-1,

] A $0.22 per gallon increase in the real price of diesel fuel was
assumed. This assumption was captured in the model input by
using an energy-weighting factor of $0.001586/KBTU in the
impedance weighting factor data for each commodity, which w3
much simpler than revising all of the cost functions. This means,
however, that the costs included in the model output reports and
files must be increased by the above multiple of the
corresponding energy use to arrive at the current figures for
1990.*

No other changes in the freight network and operations data were made for

the 1990 baseline; i.e., all data are as reported in Volume 3,

* This adjustment is already included in the tables appearing in this
report.



Table 1-1. Coal Commodity Adjustment Factors for Rail (1990)

Impedance Multipliers

Network

Element Time Energy Cost

Nodes .50 .39 .39

Linehaul Links 1.05 .64 . 66

Access .53 .53 .67
o Assumptions

The major assumptions underlying the 1990 baseline results are discussed

fully in Volume 1. For convenience, they are also listed below.

) Commodity flow estimates for 1990 assume "business as usual"
population and economic growth, and do not take into account
energy shortages, western coal, Sun Belt development, and so on.
Base year (1972) origin-destination patterns are also preserved.

® There will be no significant changes in modal technology and
operations.

° There will be no differential inflation, other than in the price of
fuel.

° All model relationships established for 1972 carry through to
1990.

° Results

A summary of the 1990 baseline results is given in Table 1-2. The
performance of the options studied will be assessed by comparing the model
results, at a finer level of detail, with the baseline results. For comparative
purposes, Table 1-2 also shows the overall results of a model run in which all
shipments were assigned to energy-minimizing modes and routes. Both of

these runs are discussed in detail in Volume 1.



Table 1-2. Summary of 1990 Baseline Freight Operations

UInadjusted Estimate*

Ttem Baseline Min Energy
Tons (million) 3.026 3,027
Ton-Miles (billion) 1,626 1,623
Cost ($ million) 33,382 26,452
Energy (trillion BTU) 1,362 943
Service (million ton-days) 16,370 23,906
Disutility ($ million) 49,938 55,874

* Outputs from unconstrained runs of the transportation network model,

The major factors underlying the 1990 baseline results appear to be:

® an increasing proportion .. manufactured goods in the traffic
stream

) escalated fuel prices

] waterway modernization and expansion

] increasing use of unit trains for coal movements

® operation of existing pipelines at or near economic capacity.

The minimum energy case features massive shifts of truck traffic to rail and
waterway, and some diversion of pipeline shipments as well. These modal
share realignments reduce energy-use and cost, but that also drastically
reduce service quality and increase shippers' perceived economic costs
("disutility" in Table 1-2). The 1990 baseline results do not include the
effects of energy saving technological improvements currently under
development within each mode, which could reduce the energy-use figures

cited here by 10 to 30 percent.



2. RUN-THROUGH TOFC OPTION

Procedure

The Run-Through TOFC option was designed as a test of the ability of
improved TOFC service to compete successfully with intercity trucking. No
test of the competition between regular CL (carload) rail service and TOFC
service was conducted.* Accordingly, the modeling problem was attacked
by defining several subcommodities which could be shipped only by rail or
highway. These consisted of the existing TOFC traffic (commodity no. 9)
and all TOFC-compatible highway traffic. A list of the subcommodities is
provided in Table 2-1.
!

Given the identification of the special TOFC-compatible subcommodities,
the commodity adjustment elements** of the transportation network model
input data were used to describe the characteristics of the rail service
hypothesized to be available to these commodities under Run-Through
TOFC. The commodity adjustments used are given in Table 2-2. The
linehaul and access factors are the standard TOFC adjustments developed
for the 1990 (and 1972) baseline. The node time, energy, and cost were set
to zero, however, to model an operation in which TOFC trains bypass all
intermediate yards. This non-stop TOFC service was assumed to be
available everywhere, regardless of trip length and annual traffic level.

Hence this option represents a "best case" version of Run-Through TOFT .

Shipments of the newly defined subcommodities were generated by recoding
as per Table 2-1 the commodity identifier data for all TOFC-compatible
traffic which selected the highway mode in the 1990 baseline run
(unconstrained). For example, all shipments of commodity 7, Food and
Kindred Products, which moved via highway were recoded to commodity 21.
The baseline mode selection information was obtained from the path file

produced in the baseline run.

* Computer capacity limitations which could not be released within the
project time and budget constraints precluded analysis of the carload
competition with TOFC Services.

#*  Technically the "impedance commodity factors"; see Volume 2.



Table 2-1.  Run-Through TOFC Subcommodities*

Commodity Code

Baseline TOFC Recode Commodity Name

7 21 Food and Kindred Products
8 22 Textiles and Apparel

9 9 TOFC

10 23 Chemicals

11 24 Lumber and Furniture

12 25 Machinery (nonelectrical )
13 26 Electrical Machinery

14 27 Transportation Equipment
15 28 Unidentified Manufactures
16 29 Paper and Allied Products
18 30 Primary Metal Products

19 31 Fabricated Metal Products
20 32 Miscellaneous Manufactures

Flows of these commodities do not include traffic from places other
than manufacturing plants, from manufacturing plants with less than
20 employees, nor truck movements of fresh fruits and vegetables, nor
other exempt commodities, nor truck movements incidental to rail,
water, and air transportation.

Table 2-2. Run-Through TOFC Commodity Adjustment Factors

Impedance Multipliers

Network

Element Time Energy Cost
Nodes 0.0 0.0 0.0
Linehaul Links 1.0 1.93 2.03
Access 0.14 1.76 1.39




The net result of the input changes described above is that TOFC-
compatible highway shipments and TOFC rail shipments see the
characteristics of Run-Through TOFC on all O-D pair routes when they look
at the rail network. All other shipments continue to see the same modal
operating characteristics as in the baseline run. Since these other shipments
(non-TOFC rail, other highway shipments, and all waterway and pipeline
shipments) are not a factor in the analysis)they were simply assigned to the
same paths as in the baseline run, again using the path file as the data

. source.

In order to provide computer memory space for the new commodities and
their associated commodity adjustment factors, the waterway and pipeline
network, were deleted for the Run-Through TOFC transportation network
model run. Thus the output reports for this option appearing in the Appendix
cover only the rail and highway networks. Results for waterway and pipeline
are identical to those in the 1990 baseline run. Some of the tables presented
below consolidate numerical results from these two model runs, in order to
provide a balanced picture of the effect of the TOFC option on the

performance of the intercity freight system.
Results

Network-wide freight operating statistics with Run-Through TOFC in effect
are compared with baseline results in Table 2-3. The waterway and pipeline
results, of course, are unchanged, but there are significant differences for
rail and highway operations. The main effect is a net shift of nearly 500
million tons of freight from truck to rail, or, more precisely, from linehaul
truck to Run-Through TOFC.* This represents a loss of 63% of highway
tonnage and 83% of highway ton-miles, causing a drop in truck revenues
exceeding 80%. This truck revenue loss corresponds to a 44% gain in rail
revenue (trucks lose $12.7 billion while rail gains $6.8 billion). The net
effect is an 18% drop in total transportation cost. Presumably, some of the
linehaul revenue lost by the trucking industry is offset by an increase in
revenue for providing TOFC pick-up and delivery services; these latter

**
revenues are included as part of the rail access cost in the model outputs.

* Only about 40% of total U.S. truck tonnage and 45% of truck ton-miles
are included in the demand forecast input data. Truck results and
percentage shifts apply only to this portion of the truck traffic, which
may not be representative of total truck traffic.

** The extent of these revenues could be determined by processing the
output files produced by the model if this becomes an issue.

-8-



Table 2-3. Freight Operations with Run-Through TOFC (1990)

%
Unadjusted Estimate
Item/Mode Base TOFC % A

Tons (million)

Rail 1,505 2,096 + 39.3
Highway 932 341 - 63.4
Waterway 236 236 -
Pipeline 352 352 —~
Total 3,523 3,025 --
Ton-Miles (billion)
Rail 1,004 1,252 + 24.7
Highway 265 46 - 82.6
Waterway 157 157 --
Pipeline 201 201 —
Total 1,626 1,656 + 1.8
Cost ($ million)
Rail 15,509 22,334 + 44.0
Highway 15,584 2,882 - 81.5
Waterway 1,675 1,675 --
Pipeline 614 614 ~-
Total 33,382 27,505 - 17.
Energy (trillion BTU) '
Rail 624 905 + 44.9
Highway 606 127 - 79.0
Waterway 57 57 --
Pipeline 75 75 -~
Total 1,332 1,164 - 14.6
Service (million ton-days)
Rail 9,925 10,401 + 4.8
Highway 727 145 - 80.1
Waterway 2,630 2,630 -
Pipeline 3,088 3,088 -—
Total 16,370 16,264 - 0.
Disutility ($ million)
Rail 28,721 36,494 + 27.1
Highway 17,126 3,154 - 81.6
Waterway 3,446 3,446 -~
Pipeline 645 645 -
Total 49,933 43,739 - 12.4
* Outputs from unconstrained runs of the transportation network model.

Note that only about 40% of total U.S. truck tonnage and 45% of truck
ton-miles are included in the demand forecast input data. Truck
results and percentage shifts apply only to this portion of the truck
traffic, which may not be representative of total truck traffic.

-9~



Energy-use effects are very similar to cost changes. Rail energy use
increases 45%, truck energy use declines 79%, and the total system energy
use is down by 15%. These savings occur despite the fact that TOFC uses
more energy than CL rail service. The extra rail energy use in this case is
more than offset by the savings achieved by switching from highway to rail.
A quite different energy-use picture would emerge if TOFC vs. CL
competition were to be analyzed. As shown in Table 2-2, each ton-mile
shifted from CL to TOFC incurs a 93% increase in linehaul energy use and a
76% increase in access energy use. Thus if TOFC attracted as much traffic

from CL as from truck there would likely be no net energy savings.

The changes discussed above occur without any loss of service quality, at
least as measured by ton-days. Apparently the bypassing of intermediate
yards coupled with TOFC's low access delay removes the main service gap

between truck and rail.

Table 2-4 displays resource intensiveness results. Both rail and highway
energy intensiveness are higher with Run-Through TOFC, but the modal shift
from truck to rail causes a net 16% reduction in BTU/ton-mile. Highway
energy intensiveness is up because the loss of traffic produces less
congestion and increased operating speeds. Rail energy intensiveness is
higher because of the increased tare weight and wind resistance of TOFC
equipment. This increased energy use produces higher average costs for
both highway and rail. Reductions in the average length of haul fc- both
modes also contribute to increased average costs, since the terminal and
access costs are spread over fewer miles. This same effect accounts for the

increase in average door-to-door travel time for truck.

The average traffic density and congestion values of Table 2-5 confirm some
of the observations made above. Average rail linehaul traffic volume
increases from 13 million tons to 18 million tons, which is still far below the
available linehaul capacity. Average truck traffic falls from 5.4 to 1.6
million tons, depressing capacity utilization to 3%. There are, of course,
individual links of both modes which depart substantially from these

averages.

-10-
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The commodity-specific effect of Run-Through TOFC on modal choice is
shown in Table 2-6. This table gives the rail share of that traffic eligible to
move by either TOFC or highway; CL traffic, other truck traffic, and modes
are not included. As shown in the table, Run-Through TOFC competes
strongly across all commodities, particularly in the long haul markets. For
perspective, Table 2-7 shows total modal split results. The capture by rail
of 71% of the TOFC-compatible shipments translates to a 20% rise in the

rail share of all tonnage.

Conclusions
el

This experiment exhibited both some strong points and some weak points of
the TSC Freight Energy Model. Computer memory size limitations of the
present version of the model prevented simultaneous representation of CL,
Run-Through TOFC, and truck freight services, which would allow a more
conclusive analysis. Lack of a complete demand data base and lack of
comprehensive data on present TOFC movements, both regular and run-
through, also limited the effectiveness of the model. On the other hand, the
"subcommodity” technique used to represent Run-Through TOFC service
sharing the rails with other traffic demonstrates the flexible approach to
application requirements which is possible with the model. The model's
systemwide accounting of transpo: tation performance also emerged as a

useful analysis tool.

Preliminary indications from the model runs presented above are that Run-
Through TOFC can compete successfully with intercity trucking, leadin, iv
cost and energy-use savings for the traffic diverted from truck to rail. Not
surprisingly, a rail freight service which offers similar transit time and
lower cost than truck can capture significant amounts of traffic. To be
truly successful on a large scale, however, the rail service must be offered
to nearly all shippers, regardless of annual shipment tonnage, as is
essentially the case with truck service. A service with stringent shipper
location and volume requirements would undoubtedly attract far less traffic

than predicted here.

There appears to be plenty of track capacity available in the rail network to
accommodate the extra traffic which would be generated with increased
Run-Through TOFC. This study did not address the equally important

question of rolling-stock availability.
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Table 2-6. Rail Share of TOFC-Compatible Traffic
with Run-Through TOFC (1990)

Commodity % of Tons* % of Ton-Miles*
9. TOFC#** 90.6 98.6
21. Food and Kindred Products 73.8 91.7
22. Textiles and Apparel 75.6 93.2
23. Chemicals : 71.5 87.8
24. Lumber and Furniture 70.9 89.6
25. Machinery {nonelectrical) 89.6 97.9
26. Electrical Machinery 88.4 98.1
27. Transportation Equipment 71.5 89.4
28. Unidentified Manufactures 58.2 82.4
29. Paper and Allied Products 70.7 89.6
30. Primary Metal Products 80.8 93.5
31. Fabricated Metal Products 85.7 96.4
32. Miscellaneous Manufactures 66.1 86.2

Total 70.6 89.9
*

*k

Considers only that traffic subject to TOFC-highway competition.
100% rail in baseline. All others are 100% highway in baseline.
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The results presented above are clouded by the issue of TOFC vs. CL
competition. Run-Through TOFC would likely capture a significant amount

of CL traffic. The amount that would be diverted is unclear, because:

° current CL traffic is already moving by rail in the face of
substantial truck-service advantages, thus negating somewhat the
traffic-capture effectiveness of the improved service

® TOFC cost and energy use are higher than CL, negating some of
the potential savings from bypassing yards

° some commodities (e.g., coal, ore) are inherently unsuited to
TOFC due to the high net-to-total weight ratios needed for
economical movement of large quantities of material.

However, there are likely to be some freight corridors where more CL
traffic than truck traffic is susceptible to TOFC penetration. If TOFC
captures a considerable amount of this CL traffic, then it is possible that
the energy savings would become zero or negative, This is a market-specific
situation, the outcome of which depends upon the relative positions of CL,
TOFC, and truck in the market at the time when Run-Through TOFC is
introduced. If improved TOFC diverts more truck traffic than CL traffic,
then there will probably be a net savings in energy use. TOFC can also be an
important rail alternative to trucki .. 1 markets where carriers and shippelrs
are losing interest in regular CL service. While introduction of improved
TOFC in such a market would have the appearance of diverting traffic from
CL, the actual effect would be a TOFC/CL service substitution in place of a

CL to truck diversion.

It must be emphasized that the operating results achieved with Run~Through
TOFC would probably not be as good as those reported here. As noted
earlier these results are contingent upon Run-Through TOFC being available
everywhere with uniformly high service frequency, regardless of annual
traffic level. This study did not include any analysis of the present extent,
quality, or pricing of Run-Through TOFC, nor any detailed comparisons of
relative pricing between truck and TOFC. Also, these results ignore any
shipper and railroad implementation costs, such as ramp construction and

equipment acquisition,
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3. DOUBLE TRAILERS OPTION

Introduction

What would be the effect on energy use of allowing double trailers to
oi)erate on any divided highway in the U. §.? How much traffic would double
trailers attract? What economics are available through use of double
trailers? Some preliminary answers to these questions are provided in this

chapter.

The double trailers issue is a complex one which could be approached several
ways with the TSC Freight Energy Model. For this study, it was decided to
analyze double trailers as a submode within the highway mode. The
particular method chosen to do this and the related computer and other
resource constraints made it necessary to consider only competition between
double trailers and single trailers.* Hence this study is restricted to analysis
of possible energy and cost savings within the truck transport system with

increased use of double trailers.

The procedure followed was to define the divided highway network as a
separate mode in parallel with the regular highway network. Transfer links
connecting the two networks were also defined. Cost, capacity, and energy
functions for the new network (hereafter referred to as the "Double
Trailers” network) were estimated assuming the use of twin 40-foot van-type
trailers. Shipments input were all those allocated to the highway mode in
the 1990 baseline run. The rail, waterway, and pipeline networks, functions, -
and traffic were completely excluded. Network totals for all modes, when
needed for comparative purposes, were obtained by combining the results of
the baseline run and the Double Trailers run of the transportation network
model. A technical description of the data prepared for the Double Trailers

network follows.

* Looking at 3-way competition between single trailers, double trailers,
and rail would be more informative. Computer restrictions which
could not be relaxed quickly enough, however, prevented this. The 3-
way analysis can be conducted at a later date if necessary.
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Data

° Double Trailers Network

The network on which double trailer operations might be permitted was
defined by simply extracting all divided highway links from the highway
network. Figure 3-1 is a computer plot of the Double Trailers network. For
ease of cross reference between the highway and Double Trailers networks,
all node, class, and function names for the new network were constructed by
appending a "D" to the corresponding name in the highway network (e.g.,
class "D.L.FREE" becomes "D.L.FREED", and so on).

All but 20 of the access links from the regions to the highway network were
carried over to the Double Trailers network. Those 20 links did not access
nodes of divided highway links. This resulted in 13 regions lacking direct

access to the Double Trailers network.

To allow for transfers between double trailer and single trailer service,
transfer links were defined at 76 terminus nodes in the Double Trailers
network (these appear as points of scontinuity in Figure 3-1). A transfer
link, for example, connects nodes 1742 and 1242D. All transfers were

defined in both directions, making a \01al of 152 transfer links.

The effect of the data inputs described above is that all shipments from or
to regions located off the Double Trailers network or between regions with
discontinuous divided highway connections choose between using single
trailer service all the way or using double trailers for some of the trip, via
the transfer links. All shipments between regions connected directly by the

Double Trailers network are eligible for double-trailer savings all the way.

This method of defining the Double Trailers network has the great virtue of
being very easy to implement, but it does create some problems. Chief
among them is that a single physical divided highway link is represented as
two separate links in the multimodal network. This means that traffic on
the two network links cannot interact in the model, so if both of them are

used the link performance functions will be evaluated at incorrect volume
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levels and the link capacity will be uverstated by a factor of two. This
*

problem can be overcome if a more sophisticated analysis is desired. Even

without adjustment, however, this error is not particularly serious for the

present study, for the following reasons:

° the level of congestion on divided highway links is so low and the
functions are so flat that appre-iable errors in estimated link
volume have very little effect on cost, time, and energy use**

) most links will tend to serve predominantly single—trailer or
double trailer traffic, rather than large flows of both

° no iterations were performed, so all path selections were based
on flow estimates carried over from the 1990 baseline-highway
loadings.

Nonetheless, in reviewing the results for this option it should be remembered
that highway speeds and energy use are slightly overestimated and costs are

underestimated.

° Time Functions
All Double Trailer operating functions are based upon the use of two 40-foot
trailers in a 3-52-3 vehicle configuriion. The specifications assumed for

this truck are as follows:

Tare weight 43,000 1b.
Max payload 82,000 1b.
Max GVW 125,000 Ib.
Axles 8
Wheels 30

Other possibilities which could have been tested include twin 45-foot or
triple 27-foot trailers. The exact variant chosen here is not as important as
the concept of approximately doubling the payload per tractor-driver

combination.

* One solution would be to externally iterate the model and make
volume estimates for both networks equal to the sum of the "twin link"
assigned volumes. Upon obtaining the final set of paths, the
subcommodity technique could be used for final costing.

* For this application, use of constant cost, time, and energy values
would have been appropriate. Since the functions were already
available, however, it was simpler (and certainly no less accurate) to
use them.
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Assuming the use of double 40-foot trailers allowed the transit time
functions from the highway network to be used without modification in the
Double Trailers network, the implicit assumptions are that 3-52-3
combinations can attain the same speeds as 3-S2 combinations, and that one
double trailer has the same influence on traffic flow as two single trailers.
The latter assumption is quite accurate for flows near capacity, where the
physical space occupied by a vehicle is the controlling factor. It is also
reasonably good for divided highways at all flow levels, since heavy vehicles
tend to stay in the outermost lane. The assumption breaks down somewhat
for undivided highways, but that is of no concern here since functions are

only needed for divided highways.

® Energy Functions

Fuel-use functions for the 3-S2-3 diesel were generated by applying PMM &
Co.* relationships between the fuel efficiencies of various vehicles and
terrain adjustment factors reported by Winfrey** to the 3-S2 fuel-use
functions given in Volume 3 of this report. The PMM & Co. data show that
the fuel efficiency in miles per gallon (MPG) of an empty double trailer rig
is about 98% of the MPG of an empty single trailer. Ratios between the
MPG's of empty and fully loaded twin trailers, derived from PMM & Co.
data, are given in Table 3-1. MPG adjustments for operations on rolling
grades taken from Winfrey are giveri in Table 3-2. The resulting fuel

efficiency curves for double trailer operations are given in Figure 3-2.

Energy functions were derived from the fuel-use and capacity functions,
following the same procedure described for highway link energy functions in
Volume 3. These functions are shown in Figure 3-3. Adjustments for lower
density commodities are given in Table 3-3. Note that in this case since
only one vehicle type is involved the commodity adjustment is simply the

inverse of the commodity-density factor.

° Cost Functions
Cost functions for Double Trailer Links were developed in the same manner

as the highway link cost functions, as described in Volume 3. Operating

* Peat, Marwick, Mitchell & Co., "Energy and Economic Impacts of
Projected Freight Transportation Improvements,” DOT Transportation
Systems Center, Cambridge, MA, Nov., 1976.

*%  Winfrey, R., Economic Analysis for Highways, International Testbook
Co, Scranton, PA, 1964.
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Table 3-3. Double Trailer Energy Function Commodity Adjustments

Commodity Density Multiplier for
Code Factor* BTU/ton-mile
1,2,3,7,11,14,15,19 0.9 1.11
8,20 0.75 1.33

*

Fraction of weight capacity used when cubic capacity is reached.

Table 3-4. Estimated Double Trailer Operating Costs (1972)

Fuel Efficiency, mpg Cost, ¢/mile
1 97.2
2 76.7
3 69.8
4 66.4
5 64.4
6 63.0
7 62.0
8 61.3
9 60.7

10 60.3

Based on 3-52-3 double van, 30¢/gal. fuel price (less tax), and
annual utilization of 110,000 miles
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costs for 3-52-3 double vans at various fuel efficiencies are given in Table 3~
4. These costs were output from the TSC Truck Cost Model, and assume
annual utilization of 110,000 miles. Adjusting these to account for
relationshps between volume, speed, utilization, and fuel use produced the
cost functions of Figure 3-4. Commodity cost adjustments are exactly the
same as the energy function adjustments given in Table 3-3. Costs for
operating on toll highways are 3 mills per ton-mile higher than indicated in
Figure 3-4,which is the same value used for the highway network. This

assumes that tolls will increase in direct proportion to vehicle size.

] Node Functions

Time, energy, and cost functions for Double Trailer nodes follow the same
assumptions as those for highway nodes (level terrain, average speed of 45
mph, node transit-times as given in the original network data). The resulting

node disutility values are given in Table 3-5,

° Access Functions

Double trailers are essentially a linehaul strategy, since they cannot operate
as a unit over local streets. Hence the movement portion of access costs
should be the same as for single trailer operations. The platform portion of
double trailer access time and cost, however, will vary between the single
trailer value for simultaneous loading of the trailers and twice the single
trailer value for sequential trailer loading. This range of variation only
applies to the tractor, driver, and trailer portion of platform cost..
Presumably most platform charges relate to provision of warehousing and
material handling facilities, and should be allocated uniformly to annual
tonnage regardless of whether that tonnage moves in single trailers or

double trailers.

In view of the factors cited above, and for lack of any convincing evidence,
an arbitrary 20% increase was applied to the platform time and cost values
given in Volume 3. Integrating this increase with the data and assumptions

of Volume 3 produced the access functions given in Table 3-6.
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° Transfer Functions

Impedance values for transferiag from Doubl: Trailers to highway or vice
versa were assumed to be those for access class HA25D in Table 3-6. In
other words, a TL transfer was assumed to take 4.3 hours and cost $1.34 per
ton (in 1972 dollars). This probably somewhat ovcrstates the transfer
penalty, but the limited ambitions of the present study did not warrant the

effort to obtain a better estimate.
Results

Table 3-7 summarizes highway and total system freight operations in 1990
with the Double Trailers option. Results for the other modes are the same
as in the 1990 baseline. The opportunity to achieve linehaul economies by
running double trailers on divided highways causes some traffic to take a

more circuitnus route, as evidenced by the increase in ton-miles.

The widespread availability of double trailer service effects cost savings of
22% and energy savings of 18% within the highway mode. Service quality, as
measured in ton-days, suffers a 13° decline. This is due to the more
circuitous routing noted above, the time penalties incurred by some
shipments in transferring between single-trailer and double-trailer service,
and the modest increase in terminal times assumed for double trailers.
Despite the increased inventory costs, however, the total Jisutility of
highway shipments declines by 19%. Impacts on network totals are roughly
one-third to one-half the size of the highwav impacts, e.g., the 187 energy
savings for highwaz cargo translates to an 8% reduction in total intercity

freight energy ase.

Average (per ton-mile) cost, energy use, and transit time are shown in Table
3-8. This table highlights one of the drawbacks of examining transportation
efficiency on the basis of linehaul ton-miles. The cost and energy-use
savings shown here are 4 to 5 percent larger than the savings given in Table
3-7. These inflated values are due to the more circuitous routing, which
increases ton-miles even though the actual quantity of transportation

service rendered to shippers remains constant.

* T)r-xly about 40% of total U.S. truck tonnage and 45% of truck ton-miles
are included in the demand forecast input data. Truck results and
percentage shifts apply only to this portion of the truck traffic, which
may not be representative of total truck traffic.
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Table 3-7. Freight Operations with Double Trailers (1990)

*
Unadjusted Estimate

Item/Mode Base Doubles % A
Tons (million)

Highway 932 932 --

Total 3,026 3,026 -
Ton-miles (billion)

Highway 265 281 + 6.0

Total 1,626 1,643 + 1.0
Cost ($ million)

Highway 15,584 12,110 -22.3

Total 33,382 29,908 ~10.4
Energy (trillion BTU)

Highway 606 498 -17.8

Total 1,362 1,254 -7.9
Service (million ton-days)

Highway 727 820 +12.8

Total 16,370 16,463 + 0.6
Disutility ($ million)

Highway 17,126 13,852 -19.1

Total 49,938 46,664 - 6.6

Outputs from unconstrained runs of the transportation network model.
Note that only about 40% of total U.S. truck tonnage and 45% of truck
ton-miles are included in the demand forecast input data. Truck
results and percentage shifts apply only to this portion of the truck
traffic, which may not be representative of total truck traffic.
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Traffic density and capacity utilization impacts are presented in Table 3-9.
These results must be.interpreted with care, since single divided highway
links are represented separately in both the highway and Double Trailers
networks. The most clear cut result is that the Double Trailers option
decreases the truck traffic on undivided highways by 35%. Divided highways
experience about a 1.7 million ton increase in average annual truck traffic,
which is an increase of 22%. As shown in the table, most of the divided

highway truck traffic consists of double trailers.

Sub-modal split results by commodity are displayed in Table 3-10. Double
trailers do well in virtually every commodity group. Overall, nearly 82% of
highway tonnage* moves in double trailers, and another 5% is partially
moved in this manner. There is no apparent relation between commodity
density and the attractiveness of double-trailer service. Hence these
findings do not support extension of the situation for double 27-foot trailers,
where cube-limited commodities find double trailers more advantageous
than weight-limited commodities.** The savings achieved by spreading
driver- and tractor-related expenses over a double 40-foot payload are much

more significant than any density effects.

Some additional insight into the type of traffic attracted to various highway
services is provided by average haul length statistics. In the baseline run,
the average highway shipment moved 284 miles. With the Double Trailers

option average haul lengths are:

single trailer 192 miles

double trailer 302 miles
single/double combination 552 miles
highway average 301 miles

As would be expected, long-haul truck traffic finds double-trailer service
more attractive than short-haul traffic. Further, only the longest haul
traffic saves enough on the linehaul to offset the fixed charge penalties of

combination single trailer-double trailer operations.

* Sce footnote to Table 3-7. Recall, also, that virtually all traffic with
access to the Double Trailers network is assumed to be able to take
full advantage of the service, which will not be true in reality.

**  Note, however, that the amount of traffic between two points, as

measured in tons, which is sufficient to fill two trailers at a reasonable

service frequency is lower for cube-limited commodities than for
weight-limited commodities. This threshold consideration was not
included in the study.
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Conclusions

The TSC Freight Energy Model was somewhat less adaptable to the
requirements of this application than was the case for the Run-Through
TOFC option. Again, it would have been useful to model a three-way
competition situation (rail, single trailer, douhle trailers), but computer
memory limitations prevented this. The parallel mode method of
representing double trailers, while useful, has the disadvantage of preventing
single- and double-~trailer traffic from interacting in the network which
precludes meaningful analysis of congestion effects. Lack of a complete
data base on truck commodity flows also inhibited a comprehensive analysis.
Despite these deficiencies, this application of the model did provide some
useful preliminary indications of tha potential impacts of doubling effective

highway payloads.

Pure indicators of highway transportation efficiency as measured in this
modeling experiment strongly favor the Double Trailers option, which seems
to be a viable means of improving the performance of intercity trucking.
Highway energy and cost savings, although only half of the 40 to 50 percent
claimed by some proponents, are nonetheless substantial. It must be noted,
however, that any diversions of traffic from the rail mode would reduce
these energy savings, since double trailers are ahout twice as energy

intensive as rail service.

There are, of course, major issues concerning double trailers which are not
addressed here. Highway safety is of paramount importance, and is likely to
influence national and state policies on double trailers much more than

energy use and economics will.

There are also a number of economic and operational factors which were not
included in this study which could alter the effectiveness of the Double

Trailers option. Some of the more important of these are :

° Extraordinary implementation costs such as acquisition of more
powerful tractors, more trailers, increased driver training,
premium driver wages, higher insurance costs, and special
licenses or taxus
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Table 3-10. Double Trailer Share of Highway Traffic (1990)

% of Tons* % of Ton—Miles*

Commodity Doubles Xfer** Doubles Xfer¥*
1. ¥arm Products 68.1 2.0 68.1 3.2
8 Forest and Marine Products 100.0 0.0 100.0 0.0
3. Coal 0.0 100.0 0.0 100.0
4. Crude Petroleum 4.4 95.6 1.2 98.8
5. Metallic Ores 0.0 100.0 0.0 100.0
6. Nonmetallic Minerals 0.0 0.0 0.0 0.0
7. Food and Kindred Products 80.1 9.4 79.4 13.8
4., Textiles and Apparel 80.0 6.8 82.6 12.1
10. Chemicals 89.0 4.7 87.2 8.1
11. Lumber and Furniture 69.2 11.6 62.4 26.2
12. Machinery (Nonelectrical) 89.0 4.5 89.7 7.5
13. Electrical Machinery 89.7 5.0 89.5 7.9
14. Transportation Equipment 98.8 0.7 97.9 1.8
15. Unidentified Manufactures 76.7 2.9 81.5 6.1
16. Paper and Allied Products 73.6 7.7 69.6 16.9
17. Petroleum Products 100.0 0.0 100.0 0.0
18. Primary Metal Products 95.9 2.1 95.5 2.2
19. Fabricated Metal Products 95.3 2.3 94.8 4.0
20. Miscellaneous Manufactures 86.5 3.5 84.6 7.6

Total 81.6 5.2 82.0 9.6
* Considers only competition between double trailer and single trailer service with-

in the highway mode. Overall modal shares are the same as in the baseline run.

#%  Shipments which used a combination of single trailer and double trailer services.



) Changes in other truck transportation and distribution costs, due
to provision of larger terminals and warehouses, maintenance of
larger on site inventories, and changes in shipment size and
frequency

® Impacts of rail/truck competition - presumably double trailers
will divert some traffic from rail (unitary cross elasticity of
demand would suggest a 20% diversion), which would increase
cost and energy use and adversely impact existing rail traffic

° Labor relations problems - union work Protection labor contract
clauses might impose a surcharge on driver wages to compensate
for loss of jobs

° Minimum annual traffic flow and other shipper circumstances
required to justify offering double trailer service - recall that
this study assumed that virtually all traffic served by divided
highways was eligible for double-traijler service

° Possible increases in highway-use taxes to cover increased
highway operation and maintenance expenses allocated against
larger trucks and to Ccompensate for shrinkage in the fuel use
revenue base.

Most of the factors cited above, except for the all-important rail/truck
competition issue, would tend to decrease double-trailer traffic and hence
eliminate some of the estimated savings. The rail/truck issue tends to
increase double-trailer traffic but cancel cost and energy savings. The
behavior of that 60% of highway freight tonnage not included in the
commodity flow data also remains in question. Thus the estimated savings
attributed to the Double Trailers option are pProbably somewhat on the high

side.
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4, SUMMARY AND CONCLUSIONS

Demonstration of TSC Freight EnemModel

The primary objective of the model applications presented in this report was
to demonstrate the TSC Freight Energy Model. This objective has been met
rather successfully. Virtually every feature of the model has been
exercised, and a great deal has been learned about the strengths and

weaknesses of the model.

Several features of the transportation network model were found to be
particularly useful. The ability to use commodity-specific values of cost,
time, and energy use was crucial to successful model calibration and
application. Also, the output of shipment path selection data and the ability
to input fixed paths or modal shares provided mechanisms for introducing
network modifications while holding selected aspects of a prior result fixed.

(This has the additional advantage of reducing computer costs.)

Some interesting ways to use the model emerged during this demonstration.
The transportation network model was run in both a subcommodity and a
parallel mode fashion. A subcommodity is created by recoding selected
shipments to a new commodity and assigning this new commodity attributes
(such as network impedance adjustment factors) which differ from those of
the parent commodity. This "subcommodity technique" facilitated analysis
of the Run-Through TOFC option. A parallel mode is created by defining
parallel representations of selected network elements, coded as different
modes. The "parallel mode technique" was used to study the Double Trailers
option. It appears that the subcommodity and parallel mode techniques can
be applied in a complementary iterative fashion if more sophisticated
analyses are desired. It may also prove useful at some point to provide

formal subcommodity and parallel mode features within the model code.
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As is inevitable in a study of this type, several areas in which the TSC
Freight Energy Model could be improved suggest themselves,

° The single area with the largest potential payoff in terms of
increased mode] reliability is the commodity flow data.
Efforts should be made to construct baseline flows which
account for all intercity freight traffic. Conspicuously under-
estimated in the present data are truck traffic and petroleum
products movements,

to assign all of the shipments in the flow data to the network.
This led to the development of a flow sampling procedure (see
Volume 3 for details).  The implications of alternative
sampling and estimation Procedures should be investigated, and
optimal procedures defined. The recommended procedures
should produce model results which fully represent national
intercity freight activity, so no subsequent scaling of model
outputs is required.

. The iterative solution capability of the transportation network
model was exercised only in a limited way. Theoretical and
operational issues such as equilibrium uniqueness and stability
and user-optimum vs. system-optimum equilibrium need to be
investigated.

° The desirability of multiple mode or multiple path shipment
assignments needs to be evaluated and appropriate algorithms
designed and implemented,

® Methods for representing local traffic and passenger traffic
which share facilities with intercity freight traffic need to be
developed.

® Techniques for incorporating elements of physical distribution
management into the mode] System need to be explored and
evaluated.

° Further verification and compression of the highway network
should be undertaken, The pipeline network, particularly that
for petroleum products, also requires further verification.

° The highway and Pipeline modal simulators should be brought
to the same level of automation as the rail and waterway
simulators. Considerable manual Ccomputation is presently
needed to generate highway and pipeline performance
functions.
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] The ability to represent multiple classes of freight service
available on a single type of network element needs to be
incorporated into the model.

® The comparability of modal cost functions needs to be
evaluated. Relationships between traffic volume and cost
should also be investigated further.

. A user-oriented version of CACI's in-house computer graphics
routines should be added to the system. This package should
accept as input standard transportation network model files or
subfiles.

Analysis of Energy Conservation Options

The numerical results of this set of TSC Freight Energy Model
demonstration runs are summarized in Table 4-1. Systemwide freight
operating statistics for each case studied are tabulated. The footnotes
accompanying the table are intended to remind the reader of some of the

more important assumptions and limitations of these results.

Since the totals in Table 4-1 are not scaled up to account for the intercity
freight traffic unaccounted for in the traffic flow data, the percentage
changes shown are more informative than the raw totals. Regarding the
three energy conservation options, these percentages are likely to over-
estimate the actual change which would occur, since uniform nationwide

implementation of the options is assumed.

These modeling results are discussed in detail in Chapters 2 and 3 of this
volume and in Volume 1, Chapter 4. The most obvious conclusion supported
by the results is that there is considerable room for holding down energy use
in freight transportation, since all three options produce substantial savings.
Also, energy conservation is usually accompanied by comparable savings in
direct transportation costs and somewhat smaller reductions, or even
increases, in full economic costs ("disutility"). Beyond these observations,
there is little point in comparing and ranking the options examined since
they all produce savings of a similar magnitude, and since these results are

preliminary in nature.
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