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NOTICE

The' contents of this report reflect the
views of the Office of Transportation Labo-
ratory which is responsible for the facts
and the accuracy of the data presented
herein. The contents do not necessarily
reflect the official views or policies'of
the Staté of California or the Federal
Highway Administration. This report doces
.not constitute a standard, specification,

or regqulation.

Neither the State of California nor the
United Stafes Government endorse products
or manufacturers, Trade or manufacturers'
names appear herein only because théy are
considered essential to the object of this

document,
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CONVERSION FACTORS

Multiply By To Obtain
Btu 3.929x1074 . horsepower - hours
Btu 1054.8 joules
Btu 2,930x10-4 kilowatt - hours
Btu/gal 278.7 joules/liter
Btu/1b 2325.8 joules/kg
Btu/ft3 37217.5 joules/m3
Btu/ft? 11345,5 joules/m?
Btu/lin-ft 3458 joules/m
Btu/lane-mile 654.9 joules/lane-km
Btu/ton-mile 594,59 joules/metric ton-km
Lb/gal. 0,1198 kilograms/liter '
Lb/ft3 16.023 kilograms/meter3
Lb/lin-ft 1,488 kilograms/lin-meter
MPH 1.609344 kilometers/hours
MPG 0.42514 kilometers/liter
MPG 0.000425 kilometers/cm3
Ton{2000 1b) 0.907185 metric tons{1000 kg)
Ton-mile/gal 0.385684 metric ton-km/liter
Gallon{U.S.) 3,7854 liters
Foot 0.30480 meters
Inch 25,40 millimeters
Lp - 0.4536 kilograms
Long ton{2240 1b) 1016.1 kilograms
Mile, nautical 1.8520 kilometers
Mile, statute 1.609344 kilometers

One Barrel Crude 0il = 5.80x106 Btu'
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ABBREVIATIONS

A,C, - Air Conditioning

AC - Asphalt Concrete _

AC/DC - Conversion of electrical energy from alternating
currént to direct current '

AS - Aggregate Subbase

ADB - Advanced Design Bus

ABT - Average Daily Traffic

ART - Articulated Bus

BART - Bay Area Rapid Transit

BOE - Barrel of 011 Equivalent

Btu - British thermal unit

CAFE - Corporate Average Fuel Economy

CEQA - California Environmental Qua]ity Act of 1970

CTB - Cement Treated Base

DOE - Department of Energy

00T - Department of Transportation

EIR - Environmental Impact Report

EIS - Environmental Impact Statement

EPA - Environmental Protection Agency

ETS - Energy and Transportation Systems

FAA - Federal Aviation Administration

FHWA - Federal Highway Administration

ft - foot or feet

ft/sec? - feet per second squared

gal - gallon

GRT - Group Rapid Transit
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HOV - Heavy Duty Vehicle

hr -~ hour

I1/0 - Input-Output

kg - kilogram

km - kilometer

kmh - kilometer per hour

kwh - kilowatt-hour

b - pound

1b/ft3 - pounds per cubic foot
1b/yd - pounds per yard

Lcc - Life Cycle Costing

LDV .- Light Duty Vehicle

1f - linear-foot

LRT - Light Rail Transit

LRV - Light Rail Vehicle

MDYV - Medium Duty Vehicle

mpg - miles per gallon

mph - miles per hour

m/s? - meters per second squared
MW - Megawatt

NEPA - National Environmental Policy Act of 1969

NL - New Look

0/H - Overhead

PCC - Portland Cement Concrete

PSI - Pavement Serviceability Index
Rte-ft - Route Feet

R/W - Right-of-Way
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Chapter 1

INTRODUCTION

The Transportaiion Laboratory published "Energy and Trans-
portation Systems® (ETS) in December 1978{1)., It has been
used since as a primary reference for transportation energy
studies., Performing energy studies when improvements to
the transportation system are propoéed is a part of the
process to develop an Environmental Impact Statement (EIS)
and, in California, an Environmental Impact Report (EIR}.

This report is not intended to void anything in ETS but fo
augment and update that publication. Some of the important
topics in ETS are condensed in'this pubiication. It fis
suggested that the reader refer to ETS if additional back-
ground information to this publication is desired. For.
ease of reference, most of the factors shown in ETS have
been included in this report in their updated or original
form,

The purpose of this study was to update, revise and
improve:

Fuel consumption factors

Procedures for analyzing a project
Procedures for reporting the results
Software capabilities

oW N e
« W »

Appendix A is a Glossary, Appendix B is a Summary of Laws,
Regulations and Policies. ’



Fuel Consumption Factors

Study objectives were accomplished by researching the
Titerature for the best information available. In many
cases, the authors took the only available information or
made an analysis of the information from various sources
and selected or developed the best factor where differences
existed. Due to the many variables which exist, the fac-
tors published in this report should be considered as
informed estimates rather than precise numbers. A caveat
statement is appropriate.

Energy use continues to be categorized in terms of direct
and indirect energy. Direct energy is the fuel that goes
to propel the vehicle under varying conditions of traffic
and facility. Indirect energy is all the remaining energy
needed to construct, operate, and maintain the roadway and
manufacture and maintain the vehicles using the roadway.

Indirect energy is divided into two broad categories of
central energy use and peripheral energy change. Central
energy use encompasses the energy required to manufacture
and maintain the vehicles and construct, operate and main-
tain the facility.

Peripheral energy change addresses the potential effect
that a transportation systém may have on energy use and
availability in the area it serves, For example, a highway
can take aﬁricu]tural land and, consequently, shift popula-
tiqn and traffic patterns which, in turn, affect enerqgy
use,



Procedures for Analyzing a Project

The procedures for analyzing a highway project are present-
ed tn Appendix C and remain the same as presented in ETS,
Information is provfded for analyzing a recycling project
(Appendix D) and a 1ight rail transit system (Appendix E).
A life cycle costing method of evaluating project'energy
use is also presented, {Appendix H). No detailed informa-
tion is provided for analyzing other systems such as
aircraft, water and pipelines. Examples are also provided
for energy analysis of Transportation System Management
(TSM) and Contingency Planning strategies in Appendix I,
Appendix F and G contain various factors for analyzing
projects.

Procedures for Reporting the Results

The procedures for reporting the study are in Chapter 11,
In most cases, an energy analysis provides input into the
EIS and EIR and serves as an additional element in the
decisfon-making process. A number of assessment criteria
have been refined so that decision makers and others can
make a better judgment of differences in energy usage
between a "no-build" and various “build" alternatives for a
highway project. |

Computer Capabilities

The computer program for analyzing the project has been
expanded to include more varjables. New factors have re-
placed many that were in E£E7S., The program has been written
so that new factors can be substituted as they become
available. The program only applies td highway projects.

A user's manual will be available in Appendix Jds



Report Format

This report initially provides background information on
where energy comes from, how it is used and the laws which
relate to transportation energy. This is followed by a
section on conservation of energy in transportation.

Sensitivity analysis and its use to determine the impor-
tance of various factors is discussed. Then the develop-
ment of the factors, performing an energy analysis and
reporting the study are treated,

Appendices contain the various factors, backup material,
and examples of energy studies.



Chapter 2

PROJECT SUMMARY

*Direct energy.usage accounts for more than half of the
total energy used when analyzed in terms of the 1ife of a
project.

*The sensitivity analysis indicates that a change in speed,
ADT, or percent trucks (+10%) has a significant effect on
the total project energy. Similar changes in pavement
type, roadway grade and construction costs would have
little effect on the output. |

This is not be be confused with an item such as mainte-
nance energy which has little effect on a life-cycle
project energy analysis, but could have a significant
cumulative effect on energy when used in terms of a state-
wide maintenance program,

*New energy usage factors were developed for cars, medium
and heavy trucks, buses, light rail, construction dollars
versus energy, vehicle maintenance, materials and fuel
energy, miscellanecus construction and maintenance proces-
ses and for pavement recycling.

*Information on fuel consumption and distribution of types
of vehicles, especially cars, continues to be published
and the fuel consumption factors need to be updated on 2
regular basis.



“An improved criterion for impact takes into account
projeét payback and total energy consumptfon during the
project study pericd. Ancther criterion using the energy
efficiency of the transportation system (Btu/VMT) is
presented, '

‘The software tapability for analyzing a project has been
improved..



Chapter 3

IMPLEMENTATION

The resulfs of this research have been implemented by
Caltrans., Revised and refined direct and indirect energy
factors have been incorporated into an expanded energy
computer program to provide better analytical methods,
Further implementation will occur when this report is dis-
tributed to District and Headquarfers personnel.,

Benefits

Benefits of this research are as follows:

Better methods for analyzing energy impact.

Expanded energy computer program capabilities.

The capability to more accurately analyze the energy impact
‘of a transportation project or program by using most recent
factors.

Greater insight into the importance of the various energy

parameters which are considered in the analysis of a trans-
portation project or program.



Suggested Future Research

1. There should be a continuing effort to keep energy
factors up to date,

2. Studies should be performed and models developed to
evaluate fuel (sage for operational improvement projects
such as ramp metering, HOV Tanes, signal timing, one-way
streets and lane reversals,

3. Fuel consumption under congested conditions should be
studied more closely,

4, Guidelines should be developed to assist the coordina-
tion of energy research in using standardized vehicle
tlassifications, This will help insure that all research
is appiicable and transferable to the transportation energy
data base.



Chapter 4

BACKGROUND

Historicai

In 1973, the United States experienced its first energy
crisis, Before that time, very few people considered
petroleum as a finite resource or the rate at which this
resource was being consumed., Energy, and gasocline in
particular, were inexpensive and people assumed that new
0il fields would continue to be discovered and conservation
was not practiced. After the petroleum shortfall in 1973,
energy received a lot of publicity and many research
studies were funded to examine energy use in all sectors of
the economy. However, it appeared that shortly after the
1973 c¢risis, the concern in this country about energy
decreased, ’

Another energy shortfall developed in 1979, That crisis
was quickly resolved, but it contributed to dramatic in-
creases in the prices of petroleum products which, in turn,
has affected almost every facet of the econonmy.

Although people are now aware that energy is expensive,
most do not perceive the long-term problem associated with
a diminishing supply of a finite resource, Figurel
illustrates a declining petroleum production rate even
though the number of wells drilled has almost doubled since
1960(2)
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FIGURE 1, DOMESTIC OIL PRODUCTION

The vast majority of energy expended for a transportation
project is petroleum based, Since petroleum is a rapidly
diminishing resource and the supply is subject to disrup-
tion, each transportation project must be carefully
analyzed to determine its energy impact., ‘Concurrently,
transportation energy conservation strategies should be
pursued and'q1ternat1ve sources of transportation energy
investigated as a means of reducing our dependence on
petroleum energy.

Figure 2 shows the types and uses of various energy
resources in the United States, Figures 3 and 4 show
California energy by origin and use by sector, Figure 5
shows the energy used for transportation in California.
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Conservation of energy in facility planning, coenstruction,
operation and maintenance also needs to be considered and
practiced. Facility includes the buildings {office, rest
stops, maintenance) and the highway (landscape, lights,
signs, etc.)}. |

In many cases, buildings were constructed before ehergy
became expensive and designers did not optimize the energy
efficiency features., However, conservation can be achieved
by things such as using fluorescent lights, turning the
thermostat down for heat and up for air conditioning,
improving insulation, sealing ¢racks and using thermal
windows,

Conservation can also be applied to recycling pavements,
hardware items {guardrail, signs, tires, lighting stan-
dards, right-of-way fence, etc.}, using indigenous plants
for landscaping, and planning the maintenance of the road-
way itself, Other measures are using high pressure sodium
vapor lamps for lighting, promoting carpools, vanpools,
buses and bicycle projects.
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Chapter 6

TRANSPORTATION SYSTEM MANAGEMENT (TSM)

TSM involves management strategies which have the goals of
improving the utilization of existing transportation sys-
tems in order to relieve congestion, reduce travel time,
reduce costs, improve air quality and conserve energy,
These strategies are generally considered to be short range
and require minimum capital expenditures, Many strategies
have been employed for years by traffic engineers to attain
elements of the goals mentioned above,

Signalized Intersections

Improvements to traffic signal systems can have a positive
impact on energy consumption in addition to improving traf-
fic operations., Most improvements of this type are made to
reduce vehicle delay and congestion., These types of proj-
ects can alsoc save fuel, Numerous studies are referred to
in "Opportunities for Energy Conservation in Transportation
Planning and Systems Management“(4) which all show that
these types of projects save fuel.

Even greater fuel savings can be achieved by the use of
electronically activated traffic control systems. These
systems cah_relieve traffic congestion, increase the aver-
age speed on heayily traveled roadways and decrease the
number of traffic light stops. This means that there are
fewer speed change cycles and stops. *“Traffic Control
Systems Save Energy"{5) identified somé of these systems
and the energy saving attributed to them, The system in
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Eau Claire, Wisconsin covered 11 intersections and produced
a 20% reduction in energy consumed, One in Greensboro
North Carolina shows an estimated savings of 1400 gallons
of gasoline per day. When all the other positive impacts
are considered, these are obviously very efficient

systems,

Ramp Metering

The energy impact of ramp metering is less quantifiable.
*Guidelines for Selection of Ramp Control Systems”{(6} shows
that, depending on the specific site conditions, there can
be very modest decreases or increases in energy consumption
due to ramp metering. A recent study {unpublished) by
Caltrans District 4 {San Francisco) showed fuel savings of
around 10% for ramp metering projects.

Although ramp metering can reduce congestion, it also tends
to increase the speed on the freeway thereby potentially
increasing fuel consumption. Also, ramp metering may cause
some drivers to travel upstream to enter the factlity at an
unmetered zone, thereby increasing both VMT and fuel
consumpiion.

Caltrans District 7 (Los Angeles) made a study titled, "The
Assessment of the Impact of Ramp Metering on Air Quality
and Energy Consumption"(7)}., Their conclusion was that
there could be a negative or positive energy impact due to
ramp metering depending on what assumptions are made and
the type of project.

HOV Lanes on Freeways

There are six {6) types of priority treatment for buses and
carpools involving freeways:
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1. Separated Facilities

2. Concurrent Flow

3. Reserved Lanes

4, Contra-flow Reserved lanes

5. Priority Access, Bypass ramps, Metered ramps
6. Priority Access Exclusive use ramps

Typically, the priority treatment is in effect only during
peak commute periods and frequently projects use more than
one type of treatment., Various projects of this nature
have been calculated to save from 1,000 to 11,400 gallons
of gasoline per day(8).

The energy impact of the diamond lanes on I-10 in

Los Angeles indicated energy savings between 1,475 and
11,400 gallons of gasoline per day(9)., The problem with an
energy analysis for this type of facility is similar to
that for a transit facility., The assumptions made concern-
ing access energy can have a major impact on the results of
a study. The conclusions indicate HOV lanes on freeways
are probably energy efficient.
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Chapter 7

SENSITIVITY ANALYSIS

A sensitivity éna1ysis was made early in the study-to
determine which parameters are of primary importance when
making an energy analysis for a transportation project.
The purpose of the sensitivity analyses was to determine
the effect of a change in an input parameter on the total
project energqy.

A classical sensitivity analysis is made by holding all
parameters constant but one in an analysis methodology and
then varying that parameter in increments to determine the
effect on the output. A modest change in a sensitive
parameter causes a noticeable alteration in the output
while a major modification in an insensitive parameter
causes a nonsignificant change in the output.

A sensitivity analysis was performed on "ENERGY3", a soft-
ware package that uses the same factors and methodology as
in the old Energy and Transportation Systems (ETS}. This
analysis was undertaken to ascertain the answers to two
questions, 1) Which factors used in the program should be
further investigated and refined by the researchers. It
served to prioritize the work that needed to be done. 2)
Which factors are the most crucial to those applying the
computer program to project studies,
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There were three different types of situations examined in
the sensitivity analysis. The first type represents a
change in the user identified input parameters that are
normally specified at the beginning of each run, These
include the time span of the analysis, the average daily
traffic (ADT), the percent of medium and heavy trucks, the
percent grade and the construction costs. The second was
an actual change in the preprogrammed values for such
parameters as pavement maintenance and indirect vehicle
energy, The third type of situation modeled was the effect
of increasing the capability of the program to handle cuyr-
vature, road surface condition, and speed change cycles.

The results of the sensitivity analysis were as follows:

‘Curvature, speed changes, and roadway surface condition
were found to have a significant effect on the program
output using the old ETS factors. Considerable time was
spent examining these parameters., It was decided to
include them in the new computer programs.

*Indirect vehicle energy {manufacturing and maintenance)
accounted for 42% of the total energy for the base case in
the sensitivity analysis. It was decided to thoroughly
evaluate these factors,

‘Roadway construction and maintenance energy were found to
have a relatively minor effect on the total energy con-
sumption for most projects.

24



*The program output was very sensitive to changes in ADT
and percentage trucks, These parameters are often very
difficult for environmental investigators to accurately
predict, Many projections are thought to be valid to
+50%, It was decided to develop the new computer program
so that these traffic parameters can be easily varied,
with the effect on the output being immediately available,
This will allow the investigator to make multiple runs for
high and low traffic estimates, if desired.

25



'Chapter 8

DEVELGPMENT OF FACTORS BY TRANSPORTATION MODE

Transportation Modes

This chapter addresses the energy factors for the following
transportation modes:

Roadway

Rail

Personal and Group Rapid Transit
Air

Marine
Pipeline

-

O 0 B W N
.

The energy characteristics of each transportation mode are
discussed,

1. Roadway Transportation Mode - Most roadway vehicles use
gasoline or diesel; these were the only fuel types consid-
ered in this study although cothers such as natual gas,
hydrogen or gasohol may be used more widely in the future,

Fuel consumption characteristics vary for each vehicle but
data from organizations such as the Environmental Protec-
tion Agenéx (EPA}, Department of Energy (DOE) and the
Department of Transportation (DOT) permitted estimates to
be calculated for "composite" vehicles by type.
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Variables that affect fuel consumption are vehicle and
facility related, Vehicle related items include such
things as engine size, fuel type, weight, speed and cold
starts, Lesser factors are driver behavior, engine tune,
tire type and pressure and aerodynamics. Most of these
minor factors are usually not included directly in an
energy analysis. |

Facility related variables affecting energy consumption are
such things as grade, traffic congestion (slowdowns or stop
and go) and substandard pavements, Lesser factors are
roadway curvature, altitude and weather conditions. Sub-
standard pavements, altitude and weather are usually not
included in a fuel consumption analysis.

Most of the variables mentioned in Appendix € show fuel
consumption adjustment factors which were developed by the
authors or taken directly from other publications. The
Commentary to Appendix C provides additional background
information and the sources for the factors.

Passenger cars are usually defined as 2 axle, 4 wheels,
weighing less than 8,000 1bs and designed to carry passen-
gers. However, for purposes of performing an energy analy-
sis, pickups and vans are classed as cars even though they
can carry cargo,

Fuel Eonsumption factors for cars change each year because
older cars -are driven less and new fuel efficient cars
replace the older cars., EPA requires that the Corporate
Average Fuel Economy (CAFE) for the new passenger vehicle
fleet must reach 27.5 mpg by 1985(3). Most estimates seem
to indicate that this average will be accomplished although
the actual on-rgad mpg is expected to be three or four
miles less than the official EPA figure.
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Figure 9 illustrates the fuel consumption required of new
cars and an estimate of the "composite" {old and new) fleet
for various years,

Trucks are divided into light and heavy categories. Light
trucks have 2 axles, & tires, weigh between 8,000 and
19,500 1b (gross vehicle weight} and are designed to carry
cargo, Heavy trucks have more than 2 axles, 6 tires and
weigh over 19,500 1b,

Buses are treated as another category and have their own
fuel consumption factors based on the type of service for
which they are used,

In addition to the direct energy required to propel the
vehicles, data are available to calculate indirect energy
required to construct, operate and maintain the facility
and to manufacture and maintain the vehicles. Vehicle
manufacturing information is based on studies of the energy
required to produce each material, form the component parts
and assemble the vehicle, In a like manner, the energy
required to construct transportation facilities can be
estimated and factors developed to predict construction
energy for future projects., Maintenance energy factors for
the vehicles and facilities were developed by studies
performed in a manner simiiar to the manufacturing and
construction energy.

Inadequate pavement surface conditions have been shown to
have a majd} effect on the rates of tire wear, depreciation
and maintenance and repair of the vehicles. Correction
factors have been develsped for each of the major vehicle
types under a wide range of pavement surface conditions.
Pavement conditions were found to have a negligibie effect
on direct fuel consumption.

28



YEARS

2005

2000

1995

1890

1985

1980

1876

1970

On Road Composite Car

New Composite Car

i 1 1 I 1

196
51

0

15 20 25 30 35
MPG -

FUEL CONSUMPTION RATES OF
COMPOSITE PASSENGER CARS

FIGURE 9

29



2. Rail Transportation Mode - Fixed rail vehicles are
trains and rail mass transit units. They carry passengers
or carge, seldom both. Their power plants are diesel
fueled engines which run generators to supply electric
drive motors. Some trains run directly from overhead or a
third rail which supply the electricity.

Light rail transit is an urban transportation system that
uses electrically powered rail cars operating individually
or in short trains on a fixed dual rail guideway system.
The system may be grade separated or it can share space
with automotive traffic. San Diégo‘s "Tijuana Trolley" is
an excellent example of this type of system. Appendix E
presents an example l1ight rail energy study.

Modern heavy rail transit for carrying passengers refers to
systems such as the Bay Area Rapid Transit (BART) or the
Capitol Metro in Washington, D.C. Such systems are energy
efficient when operated with high load factors. However,
most operations take place at relatively low load factors
since they are primarily commuter oriented systems.

01d heavy raifl transit refers to systems such as the ones
in New York City, Chicago, Boston, Cleveland and
Philadelphia, The energy efficiency of these systems
varies widely,

Energy consumption of trains is influenced by three major
factors: 'gpeed, gross weight and terrain. Other factors
for commuter‘trains are the number of siowdowns and stops,
track conditions and the rate of acceleration. A number of
computer programs are available to determine the energy ef-
ficiency of trains under different operating conditions(10).
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Since trains serve specific routes, the power plants are
designed to meet the requirements of the route. Passenger
trains are usually composed of a standard number of units
and weigh essentially the same whether empty or full.
Therefore, given the speed and terrain, designers provide
the appropriate power plant.

Freight trains vary as to number of units; gross weight,
route and speed so the power must be custom fitted to each
train as it is assembled at the yards. Where reguired,
additional locomotives are assigned to perform the task of
climbing steep grades. Locomotives are rated according to
their maximum horsepower and weight is usually expressed in
tons,

The railroad industry has conducted studies to aid in
conservation of fuel. Through these and other studies,
information as to fuel consumption rates of locomotives has
become available,

The energy required to construct and maintain heavy raiil
mass transit systems is dependent on things such as the
basic type of construction, the amount of system at grade
versus the amount that is elevated, subway tunneling or cut
and cover. Data are sparse, but some estimates are pre-
sented for BART and the system in Toronto, Canada,.

3. Personal Rapid Transit (PRT) - An automated guideway
transit system that uses small vehicles of two to six-
passenger capacity operating under computer control between
off-1line stations. It provides demand responsive service
except perhaps during peak periods with headway of three
seconds or less. )
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Group Rapid Transit (GRT) - An automated guideway that has
either on-line or off-line stations and vehicles that carry
6 to 100 passengers and may combine to operate as a single
train. At one time, it was thought that such systems could
play a major role in solving urban transportation problems.
However, the systems which are now in operation serve very
specific purposes, such as airports or a means of access
between major activity centers,

Nearly all systems are powered by electricity using AC or
DC motors and travel on pneumatic tires on various guideway
configurations, most of which are made of concrete.

Data on direct and indirect energy consumption by GRT and
PRT are scarce and are expected to vary substantially from

one system to another.

4. Air Transportation Mode - Commercial air transporta-

tion systems provide service for passengers and cargo
between airports. ODue to safety and noise considerations,
new airports are sftuated a considerable distance from
population centers and are usually served by ground trans-
portation (highways), and, occasionally, helicopters. The
energy consumed by these feeder services must be charged to
air transportation in an energy analysis. Jet aircraft use
kKerosene and naptha-type fuel, and piston-powered aircraft
use aviation gasoline.

Aircraft obgrations may be divided into five distinct

phases, each having its unique fuel consumption rate.
These phases are:
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a. Taxi-idle, usually the lowest consumption rate,
which aircraft use from the airport terminal to the begin-
ning of the runway.

b, Takeoff, always the highest consumption rate,
when maximum power is applied to accelerate the aircraft to
flying speed and 1ift it from the ground.

C. Climb-out, where slightly less than maximum power
is used from lift-off until an altitude of 3,000 ft is
reached,

d. Cruise, the normal steady-state fuel consumption
of an aircraft. This phase covers the asc¢ent from 3,000 ft
to the cruising altitude, the actual cruise at a constant
speed at that altitude, and the descent to 3,000 ft near
the end of the trip. Cruising speed and altitude are regu-
Tated by airlines, the Federal Aviation Administration, or
both, and play an important role in the fuel consumption
rate,

e. Approach and land, from 3,000-ft altitude to
touchdown, where the power is slightly increased or reduced
from that used in the cruise phase, depending on the type
of aircraft and its flying characteristics.

Fuel consumed in a specific trip may thus be estimated by
the summation of the fuel consumed in all five phases, giv-
en the aircraft type, cruise speed and distance traveled,
It is important to note that computation of fuel consumed
while cruising must consider the length of the actual
flight path, rather than the great circle distance between
two airports., Airline statistics usually give great circle
{i.e., shortest distance) mileage, but routes follow
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specifted flight corridors that increase the trip length.
Due to scheduling problems and policy, the most efficient
aircraft size is not always assigned to the appropriate
route,

Most commercial airlines operate aircraft that carry both
passengers and -cargoc. Some aircraft are convertible to
carry either passengers or carge. Thus, it is difficult to
obtain specific data on fuel consumption for freight opera-
tions., It has been estimated that freight-only operations
consume approximately 1% of the total aviation fuel con-
sumed (including miiftary use), so this lack of data does
not constitute a major gap in the information available for
air transportation.

Studies have been conducted to determine the indirect ener-
gy expended to manufacture certain commercial aircraft, as
well as to obtain estimates of their expected service life
in terms of total distance traveled, The estimated values
are between 78 and 170 Btu per seat-mile for commercial jet
aircraft, However, the indirect energy consumed in main-
tenance, routine replacement of parts, etc., has not been
adequately identified.

Airports require special facilities and equipment for their
operation, and the energy consumed by ground facilities and
operations has not been identified. Construction of

runways, taxiways, parking aprons, terminal buildings,
'hangars, é§c., has not been adequately studied because
major airports are unique and each would require special
analysis.
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5. Marine Transportation Mode - Marine transportation
systems may be classified into three broad categories:
ferryboats, inland and coastal vessels and deep-sea vessels,

Ferryboats provide transit of passengers and/or vehicles
across narrow bodies of water to islands or peninsulas
where the shoré route is excessively long, and where
bridges are impractical or overcrowded. They also provide
service along a coastal route where seaborne travel is more
convenient than the shore route. Typically, these vessels
consume diesel fuel and many are designed and built for
service on a specific route. Their consumption character-
jstics are influenced by their size and speed., A secondary
factor is the consumption of fuel (at idlie} while loading/
unloading, but this is insignificant except in special
cases,

As with roadway design, the number and size of vessels
serving a particular route is determind by the peak traffic
they handle. This results in a portion of some fieets
being idle except for a few busy days every year (typically
weekends and long holidays in summer). Other fleets, whose
primary service is to commuters, run fuller schedules.

Intand and coastal transportation is provided by ships,
barge-tug combinations, and specially designed ore carriers
on the Great Lakes. Inland vessel fuel consumption is
affected py river currents {upstream and downstream).
Detafls on these vessels are not readily available.
Statistical studies have determined values for energy
consumed versus actual service rendered for the entire sys-
tem {Appendix Fj}.
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Deep-sea vessels transport passengers or cargo, seldom
both. Two types of power plants are used. Steamships,
which comprise the vast majority, are powered by steam
turbines that consume bunker C fuel oil; and motor ships,
powered by diesel engines. Sails and nuclear reactors are
also 1in use, but the number of vessels involved is insig-
nificant. Gas ‘turbines are increasingly being used in
smaller ships, especially patrol craft.

Merchant vessels are usually designed and built for specif-
ic service; thus, their size, deadweight, cruise speed, and
range are the known factors that determine the type and
power of the engines, expressed in terms of shaft horse-
power, Relatively simple empirical equations have been
developed for cruise fuel consumption based on the rated
shaft horsepower and engine type (steam turbine or diesel),
These equations have been incorporated in computerized
files by the U,S, Maritime Administration to provide fuel
consumption estimates for each vessel under U.S,.
registry(ll}. The equations provide consumption rates in
terms of long {2,240 1b) tons per day as follows:

For steam turbines:
Shaft hp x 0,005571

Bunker € use

For motor ships:
Shaft hp x 0.003313

Diesel fuel use

OperationéL activities of vessels are governed by the
service they provide (i.e., the amount of time spent at
sea, in port or in dockyards) and thus cannot be general-
ized, especially in the case of inland transportation,
ferryboats, etc. However, typical operations of deep-sea
vessels are 280 days at sea, 60 days in port and 20 to 25
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days for scheduled maintenance., Tankers, bulk cargo and
container ships spend less time in port than general cargo
ships because the nature of their cargo allows faster
Toad/unloading.

The indirect energy consumed in ship building and mainte-
nance is difficult to measure, Studies have been conducted
to determine the energy consumed by shipyards and the
cutput, in terms of tonnage, of new vessels built and ship
repairs accomplished, but as yet the two shipyard functions
have not been distinguished from each other in terms of
what proportion of energy is consumed by each.

Useful lives of vessels vary, depending on economics,
Currently a typical figure for newly constructed deep-sea
vessels is 25 years, as opposed to 20 years for vessels
built circa 1960(11). Information on useful lives of
inland vessels or ferryboats is not available,

A1l vessels require shore facilities {terminals, loading
equipment, warehouses, drydocks) which require considerable
indirect energy to build and maintain, but this energy
consumption has not been identified. Additional amounts of
energy are expended in creating and maintaining safe
navigation channels, breakwaters, levees, lightships and
tighthouses, operating the Coast Guard, etc, The gquantity
of this indirect energy has not been fully identified, but
a sense for its magnitude may be obtained by statistics
indicating that annual dredging of U.S. waterways totals
300 million cu yd of material(12).

6, Pipeline Transportation Mode - Pipeline systems
consist of lines of piping with associated valves, pumps,
etc. They are used for the transportation of fluids in
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various forms, such as natural gas, steam, water, crude and
refined o0il, and chemicals. An additional service is the
transportation of solids by grinding them and mixing with a
1iquid {usually water) to create a slurry that can then be
pumped., Coal and some ores are transported in this fashion.

Pipes are manufactured from a variety of materials, the
most predominant being steel, iron and concrete. Pumps are
electric and are designed for the expected load, along with
additional standby units. A study of the direct energy
associated with pipelines has provided data on the energy
consumed versus service rendered of U.S. pipelines but
details are not readily available. Energy consumption of
pipelines is influenced by the velocity and viscosity of
the fluid, pipe diameter, general route profile, and type
and size of pumping stations. The material of which pipe
is made is also a factor, both in its frictional character-
istics and in the energy required for its manufacture, The
indirect energy to manufacture, install and maintain these
systems has not been extensively studied.
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Chapter 9

ENERGY ANALYSIS

Energy Units

Transportation may be defined as the moving of goods and/or
people. To perform this act, certain impeding forces
{gravity, friction, etc.) must be overcome. This requires
the expenditure of energy. Energy is defined as the
ability to do work., A typical unit of work, for example,
is a footonund, and a substance — say a fuel — capable of
producing one foot-pound of work may be said to contain one
foot-pound of energy.

Energy can be classified in many forms such as chemical,
kinetic, nuclear, potential and thermal. One of the most
important forms related to transportation is the chemical
energy inherent in fuels. This is determined by equating
it with the fuel's heating or thermal energy value. Clas-
sical experiments have determined the correlation between
thermal energy and mechanical energy {(ft-1b) and in fact,
the units for all forms of energy are convertible to each
other,

Commonly used units of transportation-related energy are
the British thermal unit {Btu) in the English System and
joule (J) in the International System of Units {(SI), Still
in considerable use is the kwh {kilowatt-hour) which usual-
1y describes electrical energy.

This report uses Btu as the primary energy descripteor,
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Fuels

Transportation consumes a variety of substances as fuels,
Approximately 96% of these fuels are derived from petro-
leum. The direct thermal energy inherent in these fuels
can be measured in the laboratory. Published values for
¢crude oil vary by +15% due to the differing chemistry of
natural deposits, Refined petroleum products, however,
generally have fairly consistent values.

Approximately 15% of the crude oil consumed in the U.S. is
used for petroleum refining., The vast majority of this is
expended for the advanced processing necessary to produce
transportation fuels, Through an extensive analysis of the
refining industry, the authors have been able to deteﬁmine
the approximate value for the refining energy associated
with some of the more commonly used transportation fuels,
These values are presented in Appendix 6. All energy
values in this report have been upgraded to include this
refining energy whenever possible. Using this method, the
energy quantities calculated from this report will trans-
late directly into the amount of crude oil which must be
consumed to generate the transportation fuels, rather than
the significantly smaller quantity of energy inherent in
those fuels,

Non-petroleum-derived fuels are being considered for
expanding roles in transportation. Again, the direct
thermal enérgy inherent in these fuels can be measured in
the laboratory, but insufficient information is available
as to the quantity of indirect energy required to produce
and store them. Indications suggest that the indirect
energy may be of substantial magnitude. For example,
hydrogen,_a prime candidate for use as a clean, portable
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fuel of the future, not only requires direct energy to
produce, but also requires considerable energy for storage.
Hydrogen as a pressurized gas is heavy and requires large
containers (which require energy to manufacture). As a
supercold liquid it must constantly leak in order to
maintain temperature or it can be absorbed in special com-
pounds, from which the gas is released upon demand {stil!
at the experimental stage}. The indirect energy associated
with nonpetroleum fuels has not been identified, thus the
values for these types of fuel reported in Appendix G
represent the direct thermal energy only.

Another example of an alternative fuel is gaschol (10% eth-
anol and 90% gasoline} which was popular in some parts of
the country during the gasoline shortfall. However, data
indicate that gasohol was competitive with gasoline prices
only because of tax subsidies. Net energy analyses of
ethanol have been conflicting and inconclusive. The energy
savings are questionable because the energy needed to grow,
harvest and process the biomass to produce ethanol may be

" greater than the energy of the gasoline it is replacing.

Methanol {methyl alcohol} is another alternate fuel which
can potentially be produced in great gquantities from coal
or other organic material, although currently most methanol
is produced from natural gas. It does have a high octane
rating, which should give it good performance characteris-
tics in engines specifically designed for its use.

Areas with serious air quality problems are looking at
methanol fuels which burn cooler and more efficiently as a
means of reducing emission levels. A major impediment to
widespread use of methanol as a fuel in the United States
can be attributed to the dilemma of what comes first,
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methanol vehicles or methanol fuel supply. In all proba-
bility, it will take higher gasoline prices for methanol to
become competitive.

Special consideration is given to electricity which is a
form of energy produced from other energy sources. Elec-
tricity requirés energy input to a power plant in the form
of petroleum, natural gas, coal, hydraulic pressure,
nuclear material or geothermal taps {wind, wave and solar
power are still largely experimental). The majority of
electric power plants use petroleum and natural gas fuels,
and their efficiency when transmission losses are included
was 28.8% in 1980 (Reference, Appendix, GR8), Thus, it is
important when discussing electricity, to clarify whether
the energy units presented refer to the quantity of elec-
trical energy used by a vehicle or system {reflected in the
utility bill) or the equivalent energy consumed to produce
this quantity of usable electricity (a figure three or four
times greater). Transportation energy analyses must con-
sider the total energy consumed to provide a given service
and thus, should use the larger figure.

Alternative fuels may have a significant impact on the
energy analysis for a future transportation project. How-
ever, the procedures in this pubiication do not provide for
an energy analysis using alternative fuels because Tittle
or no information is available for other than experimental
usage.,

Considerations in an Analysis

In general, the purpose of an energy analysis is to provide
meaningful comparisons between alternatives, including the
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"no build" alternative. This requires careful considera-
tion of the factors involved in analyzing the energy
impacts of each alternative. Figure 10 provides an
overview of the considerations in an energy analysis.

The relative lack of specific data tends to promote sim-
plification of portions of the analysis, and this may be
proper, provided due attention has been paid to certain
philosophical considerations, as discussed in the
"following.

1. Direct and indirect energy must both be considered,
otherwise erroneous comparisons may result. A car cannot
operate without a road, nor an aircraft without an
airport... or even a ship without periodic dredging of
channels. Even within the same mode, two alternatives may
vary substantially as to their direct and indirect energy.
For example, & roadway tunnel may cut the distance and
grade traveled by vehicles, thus reducing direct energy
consumption, but will probably require more indirect energy
to construct than a more circuitous route. This fact must
be brought ocut by the analysis.

2. Transportation is portal to portal; i.e., the fact is
that people and goods are transported from specific geo-
graphic locations te others, and not from airport to air-
port, or train station to train station. Energy analysis
must consider the total transportation system {(and energy
use} required to transport, say, a commuter, from his home
address to his place of work. This may involve several
modes of transportation.

3. The difference between actual and potential transper-
tation must be given careful consideration. Potential
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service of a vehicle would be the maximum rated capacity
for passengers or cargo, and actual service is the real
number it does carry. The implications of this concept are
vital in comparisons between different transportation
modes. For example, a commuter bus may be full in one
direction, taking people to work or shopping, but may
return nearly empty to complete the loop of its route. Its
potential is there to carry a full passenger load on the
return trip, but this is, practically speaking, impossibie.
Thus, although it consumes fuel for the complete loop, it
actually provides transportation for fewer than the maximum
rated passenger-miles. The same holds true for, say, a
detivery truck which leaves the warehouse full and returns
empty. The ratio of actual service rendered versus
potential service is called the "load factor" and must be
used in connection with an energy analysis.

Load factors also hold for private vehicles, as exemplified
by a passenger car rated for six seats and carrying only
the driver having'a load factor of 1/6, whereas motorcy-
cles, usually considered as single-seaters in spite of the
extra-long seat and foot pegs for a passenger, may actually
be given a load factor of 2.0 when a passenger is carried.

4, Certain goods lend themselves naturally to specific
modes of transportation. Perishable cargo lends itself to
air transport, but iron ore is not shipped in this fashion.
Natural gas and pipelines go together, but appliances are
transported. by rail and truck. Cargo density and fragility
also become important factors in determining which mode of
transportation is practical. A commonly used unit of goods
transport is the "ton-mile" which depicts the movement of-
one ton of freight the distance of one mile. However, it
is important to specify the type of cargo to avoid
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misleading generalizations about the relative efficiency of
various transportation modes. For example, a supertanker
may use less energy per ton-mile than a truck, but this
would hold true for o0il or bulk cargo, not for transporting

eggs.

5. Other aspects of transportation service (such as time
value, hours of available service, and the temporal and
spatial availability of access and egress) are also
important in the analysis of modal alternatives. Unless
equivalent transportation service occurs in the alterna-
tives, or is somehow accounted for, the analysis is less
than rational.

6. Certain items may be used either as fuel or as struc-
tural material. Wood is an obvious example. In the case
of roadway and airport construction, asphalt, a major
constituent, also falls in this category. Although these
materials are not "consumed“ when used in construction,
their inherent thermal energy is rendered unavailable for
future use due to the impracticality of extracting these
materials once they are placed. For the purpose of this
report, these construction materials are charged with an
energy value equivalent to the amount of energy that would
have been expended if they had been used as a fuel. For
asphalt, this is the inherent energy of the asphalt minus
the processing energy necessary to refine it into clean
burning fuels (see Appendix G). Once placed, the materials
are given ﬁ‘zero salvage value, Therefore, if they are
used in the future in a recycling operation, the remaining
inherent energy is considered as a bonus for the recycling
project, rather than a debit for the initial construction.

7. The ease with which materials lend themselves to
recycling can be important in an energy analysis. Both
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portland cement concrete {PCC) and asphaltic concrete {(AC)
pavements can be recycled. Although both become aggregate
during the process, much of the asphaltic binder in the AC
can alsc be recycled by heating and fluxing whereas the
portland cement in the PCC cannot. This property may be
very important in an analysis of pavement type.

The Technical Approach

An energy analysis, although containing many elements of
art, does lend itself to the technical approach. This
approach is based on due consideration of the physical laws
of thermodynamics and on empirical data obtained by
research and experimentation.

The first law of thermodynamics establishes the definite
convertibility of mechanical work to and from energy, and
the second law establishes the concept of entropy, in which
energy, once expended, cannot be fully recovered. This
leads to the concept of efficiency which is a measure of
the energy output of a process (say, an engine) versus the
energy input required to run the process. For example, a
typical petroleum-fueled electric power plant requires
three units of energy input {in the form of fuel) for every
one unit of energy it produces. The rest of the input
energy is lost mostly in the form of heat at the stack and
in mechanical losses. Such a system is said to have an
efficiency of 0.33.

The Process Analysis Approach

Fuel consumption factors for things such as manufacturing
an automobile or constructing a highway bridge can be
developed by estimating the total energy reguired for the
process {process approach). This includes the energy
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directly required to operate the various pieces of equip-
ment used in manufatturing or constructing the product. It
also includes the energy required to mine or obtain the raw
material, to transport and toc refine the material. Some
authors even include the energy consumed by workers commut-
ing to the work place.  The drawbacks of the process
analysis approach are that it requires considerable data
collection-and calculation and it is difficult to define an
endpoint to the study of the various input elements. Its
advantages are that it readily identifies the most inten-
sive operations and it more easily allows the analyst to
see the effects of changing assumptions or updating a data
base.

The Input Output (I/0) Approach

Another approach to developing energy factors such as those
used for highway or bridge construction is to estimate the
total quantity of fuel which must be input into an industry
to obtain a given dollar value output. The cost of the
product is then multiplied by this industry-wide Btu to
dollar ratio to obtain the fuel cost. A1l costs must be
reduced to a base year before this method can be applied.

The drawbacks of the I/0 approach are that it is based on
inadequate statistical data and the cost of fuels vary from
region to region and inflation does not apply uniformly to
ail products.. Also, it does not allow differentiation of
products of different energy intensity within a given
industry.

However, only ctost estimates are usually available in the
early planning stages of a project. Because of this reason
and the simplicity of this approach, the I/0 method is
often used for analyzing project construction energy.
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Chapter 10

PROCEDURES FOR CONDUCTING A PROJECT ENERGY STUDY

Each energy anélysis js unique to the transportatibn systenm
or mode being studied. Achievement of meaningful results
requires that an individual study be performed for each
case or alternative under consideration, with careful
selection of appropriate data and use of the corresponding
energy factors. It is important that the study be correct-
1y planned at the outset,

Planning an Energy Study

The purpose of an energy study is to predict the effect of
a proposed action on the consumption of energy. Usually,
an action is presented in the form of several proposed
alternatives {no build and build) which must be separately
analyzed and then compared.

The extent to which an energy study will be useful in pre-
dicting impacts from the proposed action depends largely on
how well the study is planned. Proper planning will
provide a comprehensive approach that will yield sufficient
data and information to adequately examine the ramifica-
tions of the proposed actions.

Several basic steps that are applicable to any technical
study and should be covered in the preliminary planning
stage are discussed in this section., These are: {1}
determine the need for a study, {2) decide on the appropri-
ate level of effort, {3} list the general objectives of the
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study, (4) select the parameters to be studied, and {5)
Tocate and designate sources for the data.

1, Determining the Need - Some important factors in
determining the need or necessity for conducting an energy
analysis are the following:

a. Mandatory requirements through regulations,
Numerous and ever increasing governmental regulations may
require that energy be addressed at some point in the proj-
ect development process., In California, for example, the
State Environmental Quality Act requires an energy analysis
to be conducted when an action will have-a significant
effect on energy,.

b. Public opinion, Have existing environmental
groups shown concern over energy supply and expenditure
aspects of the proposed action{s)? Have other citizens'
groups formed to analyze or oppose the action{s} with
regard to its energy aspects?

C. Nature of the project. Are the mode, design,
materials, operations, traffic, etc., of a transportation
project energy intensive? Are there opportunities for
energy conservation?

d. Contact with public agencies, During initial
contact regarding the project(s) with public agencies {such
as the En€1fonmenta1 Protection Agency, the Federal Highway
Administration, the Department of Energy, the State Energy
Agency, the Maritime Commission, the Urban Mass Transporta-
tion Administration, the Federal Aviation Administration)
has any. indication of concern regarding energy expenditure
been received?
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e, Existing problems in energy supply or distribu-
tion. Does available information indicate energy or fuel
distribution problems in the region under study? Will the
proposed action{s) overtax the system, on either a short-
or long-term basis? Will the proposed action{s) alleviate
or relieve the existing problems?

2. Deciding on the Level of Effort - Once it has been
decided that a study is necessary and clear cbjectives have

been established, a decision on the appropriate level of
effort needs to be made, It should involve the following
considerations:

a. What are the time constraints? Does the project
schedule allow leeway in the energy study? When does the
EIS process require the complete input?

b. Are sufficient resources available? Is suffi-
cient manpower available? Are personnel with proper exper-
tise available? Is the necessary equipment on hand? Is
sufficient financing available?

C In determining the need for a study, what did the
nature of the project, public opinion, contact with other
agencies, and existing problems indicate in terms of desir-
able depth of study.

d.  What is the availability of input information
{design details, traffic counts and predictions, material
quantities, costs, etc.)?
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3. Specifying General Objectives - One or more clearly
defined objectives should be developed in the study
planning stage. These objectives give direction study and
afford an opportunity for assessing progress and exercising
control during the life of the study. They also generally
define data needs and interact with decisions regarding the
desirable level of effort for the study. Some typical
study objectives are:

ade Obtain an energy baseline against which to
measure the effect of enerqgy conservation
strategies.

b. Analyze a conservation strategy.

C. Compare elements of a system.

d. Compare design alternatives.

e, Establish predicted energy availability.

After the general objectives are defined and data sources
are evaluated, it may be desirable to develop more specific
objectives for various parts of the study. An example
would be the comparison of several structural section
designs for a highway.

4, Selecting Parameters - The energy consumption param-
eters to be studied depend on the particular transportation
mode., In general, parameterslinclude the direct fuel con-
sumption characteristics of specific vehicles used plus the
various indirect energy considerations pertaining to each
mode,

Also, service parameters must be studied. Transportation
is a service and the energy consumption values must be
matched with this service, Typically, direct energy (fuel
consumption} is calculated from the vehicle-miles traveled
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by each vehicle class. Each of these vehicles has a rated
capacity in terms of passengers or cargo. In practice,
vehicles are seldom loaded to capacity 100 percent of the
time. Thus, the actual service rendered is usually less
than the potential service available. This is accounted
for in an analysis by the use of a "load factor" which is a
ratio of actual to potential service, Studies have been
conducted to determine typical load factors for various
modes of transport using statistical data., However,
studies should be conducted for specific projects when
conditions warrant such action,

5. Locating Data Sources - Sources of data include
published information (such as this report), statistics
obtained through public and private sources, expert opin-
jons obtained through correspondence or consultation with
recognized authorities, and results obtained by direct
experiment or original research., Inasmuch as an energy
study may be challenged — jn or out of court — it 1is vital
that all data sources be clearly documented and presented
in the appropriate section of the final document. Data
that are conjectural in nature should be clearly labeled as
such., Further discussion of data and evaluation of the
sources is given in the following section under "Collection
and Development of Required Data”.

Conducting the Study

The manner .in which a transportation energy study is
conducted is a direct result of the objectives developed in
the planning phase. In general, transportation energy '
stuydies may be classified as being in one or more of three
broad categories: (1)} System studies, in which a
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substantial part of an entire transportation system is
affected {(for example, creating a new rail mass transit
system in an area, or initiating air passenger service
between two communities); {2) Project studies, in which
specific projects within an existing system are involved
(for example, adding a new highway section to bypass a cen-
tral business district, or building a new railway bridge);
and {3) Operational improvement studies, in which methods
of improving the energy efficiency of system operation are
involved {for example, freeway ramp metering, or changing
the cruising speed and schedule of ferryboats).

To further complicate the matter, a project in any one of
the study categories may be in a different stage of devel-
opment, such as planning or design.

Although each general category may call for a different
level of analysis and input data, certain elements are
basic to any analysis once the specific definitions of
alternatives have been developed. The following elements
comprise a recommended study methodology:
i, Collect and develop data on:

- Direct energy use.

b. Indirect energy use,

Ce Service parameters.
2. Se1e6t~or develop appropriate energy use factors.

3. Analyze data in terms of Items 1 and 2.

4, Present a rational comparison of alternatives.
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These study elements are discussed in the following section
and shown in block diagram form in Figure 11. Although the
general tone of the discussion is directed at land surface

transportation, these principles of analysis apply equally

to air, marine and pipeline transportation.

Col]ectioh ahd.DeveIopment of Required Data

These are functions of major importance because data quali-
ty and detail have a direct effect on the final evaluation.
The types of data required are statistics pertaining to
direct and indirect energy consumption and service param-
eters for the proposed alternatives. The detail required
for an analysis at the planning stage will be far less than
that required for a design stage or project level analysis.
The accuracy or validity of the data has a direct
relatjonship to the length of time between analysis and
construction. The longer the intervening period, the more
difficult it is to make good estimates. Hence, the level
of detail should reflect the uncertainties involved in the
analysis. A hypothetical list {(for roadways only} illus-
trates possible data categories for a fairly comprehensive
project level analysis (Figure 2}.

Table II shows service parameters which supplement Figure
11 in certain situations.
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TABLE 11

Service Parameters

Passengers:
Rated passenger-miles
Load factors
Effect on other modes

Cargo:
Type of cargo
Rated ton-miles
Load factor
Effect on other modes
Fragility
Time value

Often, required data will not be available in sufficient
detail. Such gaps in the data must be covered by reason-
able estimates prior to proceeding further. A sensitivity
analysis (such as the one previously discussed) may be an
aid to determining the significance of poessible inaccu-
racies in such an estimate. The new computer analysis
capability has been developed specifically to aid in the
development of such a sensitivity analysis. This allows
the user to quickly see how changes in specific input
parameters will affect the final output.

In collecting data for direct energy use, traffic data may
present a problem, especially when the action being
analyzed is one that introduces perturbations in the rest
of the traffic network, Although traffic data for an
existing situation may often be generated from current
measurements, data for a future situation will have to be
developed. This will probably involve the exercise of a
transportation or traffic model. At present, only a few
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models are constructed to be compatible with the data
requirements of energy models. Because traffic data
requirements for energy analyses are similar to those for
air quality, acquired data for one type of analysis will
generally be applicable to the other.

Facility-re]atéd data for direct energy use (a?igdment,
grades, etc.) are usually the easiest to acgquire, using
either direct measurement or as-built plans for existing
facilities and preliminary engineering plans for proposed
facilities.

Indirect data may be acquired from a variety of sources,
including this report. Vehicle-related information {makes,
models, weights, etc.} is often available in published
statistics of transportation agencies, public or private.
Facility-related indirect data are often avaiiable in
preliminary studies that normally would precede an energy
study. Construction dollar costs, structure life, light-
ing, as well as types and quantities of materials, would be
available, or could be estimated from project plans and
specifications. Judgment should be exercised in selecting
useful 1ife, used to prorate the manufacture or construc-
tion energy. This report and other literature may offer
information and assist in filling gaps in the data.

Peripheral energy data {land use, energy availability,
etc.)'may.be available from federal and local agencies that
regulate utilities, regional planning boards, energy
conservation administrations, and transportation planning
departments within local and state transportation agencies.
Because peripheral energy change may vary from removal of a
few trees (in widening a mountain road) to attracting new
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population centers (in creating a new transportation corri-
dor}, selection of appropriate data sources is left to the
Jjudgment of the user.

Data relating to the transportation service being rendered
may be available from agency statistics, operating sched-
ules, field surveys, planning estimates and other sources.
Typically, -a proposed set of alternatives would provide
equal transportation service but consume differing quanti-
ties of energy. In this case, the service data required
can be minimal.

Selection or Development of Appropriate Energy Factors

System and project level studies often require different
types of energy factors. System studies are usually broad
in scope and use factors developed from generalized
information, Due to their nonspecific nature, these
factors are more suitable for gross estimates rather than
precise calculations., Most of the factors for air, marine,
and pipeline transport fall into this category. Project
Tevel studies are usually more precisely defined and this
allows the use of much more specific energy factors. The
detailed nature of project level energy calculations allows
individual differences between competing alternatives to be
determined with a high degree of accuracy.

Direct energy analysis for system studies is often depen-
dent solely_on the vehicle type and total miles traveled.
For highway modes, it is also dependent on the year the
study takes place because highway vehicles are expected to
become more fuel efficient in the future,
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Highway project studies can involve the use of many energy
factors. Usually a base fuel consumption rate will be
established for each vehicle type under a given speed and
grade. To this are applied various modifying factors for
curvature, slowdown/speedups, stops, cold starts, etc. A
future year correction factor must also be applied for
studies conducted in subsequent years. |

A new direct fuel consumption methodology has been devel-
oped which can be used for both project and system level
highway studies, It can be used to determine the fuel
consumption for congested urban conditions without using a
detailed speed-distance tachograph normally necessary for a
project level study. A1l that is necessary is a determina-
tion of the vehicle's average speed. The calculation
procedure and energy factors are described more thoroughly
in Appendix C.

Indirect energy is calculated by determining the energy
equivalent of all the material products and operations
necessary to keep the transportation system operable. This
task is performed in the following manner:

1. The total energy consumed by vehicle manufacture is
prorated according to the expected useful life {in terms of
time or distance frave]ed). The appropriate fraction of
the total is then charged to the alternative under study.
Where applicable, the inherent salvage energy of the worn-
out vehicle is prorated in the same manner and a fraction
is credited to the balance sheet being developed by the
analysis.
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2. Estimates of vehicle maintenance and associated facil-
ities and operations are charged to the alternative under
study. This would include estimates of tire wear and oil
consumption.

3. If facilities must be constructed, estimates of the
energy required are calculated by one of two met hods,
depending on the available data. Where details are limited
and only cost estimates are available, crude approximations
are based on studies correlating project cost to energy.

It should be kept in mind that dollar costs must be
converted to base-year constant doillars through utilization
of appropriate inflation factors prior to computations
invelving Btu-per-dollar factors. Results of these studies
are presented in the "Highway Construction Price Index"
table found in Appendix C. Where the quality of data
permits, estimates should be based on the type of faciii-
ties, peripheral equipment, materials quantities and
transport, and construction operations required to create
the projects. The total energy consumed by facility
construction is prorated according to the expected useful
Tife (usually in terms of years), and the appropriate
fraction is charged to the study. Salvage energy is
considered where applicable; however, this value is often
insignificant or may even be negative in nature, as in the
case of nuclear wastes from conventional fission plants
which must be stored and monitored for centuries. Dismant-
ling and monitoring these plants at the end of their usefu!l
lives would also consume substantial energy.

4. Estimates of facility operations and maintenance gner-
gy are charged to the alternative under study.
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5. The energy consumed or saved from the peripheral
effects of a proposed action is charged to the alternative
under study. The nature and magnitude of peripheral
effects may not lend themselves to proration over a given
time period and the resulting value of peripheral energy
may be reported separately as a gross total,

6. A1l values of direct and indirect energy consumption
are added (with the possible exception of peripheral
energy) to provide a total consumption figure which may
then be compared with a similar analysis for a different
alternative. Because the numerical value in Btu is often
astronomical in magnitude, it is recommended that the final
totals be converted to the more manageable and
comprehensible unit of equivalent barrels of crude oil per
day {a barrel containing the potential thermal energy of
5.80x106 gty).

Service parameters are often presented along with energy
consumption because system or project alternatives are
being proposed to provide a given service. This service
should be stated in terms of vehicle miles, passenger-miles
or ton-miles for specified type(s) of cargo. These service
parameters may be obtained by computing the value of rated
passenger-miles or rated ton-miles involved from informa-
tion about the types of vehicles, their maximum rated
capacity and the distance they will travel. This rated
service is then modified by appropriate locad factors to
obtain the -actual service rendered. Where load factors
pertaining to the specific circumstances under study cannot
be obtained, guideline values are presented in the various
appendices. The time-value of service must also be
considered., For example, if the desired result of a set of
alternatives is to provide adequate peak-hour commuter
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service, not only the quantity, but alsoc the timing of this
service becomes important.

Where applicable, the effect of an action on other modes of
transportation should be calculated. This may be
accomplished by estimating the change in existing traffic a
proposal may foster {a new bridge may reduce ferryboat
service} and an appropriate energy analysis should be
conducted to compute the resulting effect,

The methods of analysis for operational improvements are

very similar to those used for systems and projects. The
significant difference lies in the nature of the data,.
Direct energy consumption may be computed in one of two
ways, depending on the proposed action:

1, When the action invelves only changes in operational
methods {such as speed limits, signaling, schedules} the
data used primarily involve existing equipment and technol-
0gy. The emphasis is on computation of energy consumption
of varjous conventional methods,

2. When the action involves new and innovative
approaches, additional data must be obtained relating to
their effect on energy and, as an example, the analysis
would proceed as follows:

A Direct energy consumption may be computéd'based
on data fﬁom improved vehicle power plants and their fuel
consumption characteristics; improved or new types of fuel,
or the switch from one fuel to another; and improved
vehicle efficiency provided by mechanical, thermal or aero-
dynamic design. | '
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b. Indirect energy related to the vehicles
themselves may be computed based on data on altered vehicle
design, materials and construction which may have 2
significant effect in the manufacture and salvage energy as
well as on the useful life.

c. Indirect energy related to the transportation
facilities may be computed based on data on altered design,
construction materials or construction techniques which
would have an effect on construction, maintenance and
useful life. ‘

d. Peripheral energy and service rendered is compu-
ted in the same manner as in system or project analyses.

Life Cycle Costing {LCC}

LCC has been used as an economic evaluation method which
takes into account all relevant costs of a construction
project for its given Tlife cycle. These are items such as
the design, construction, maintenance and operation of the
system over a given period of time where reasonable
predictions can be made. It is a valuable tool that is
suited for evaluating alternatives.

With the cost of energy escalating and the petroleum
reserves declining, it has become important to evaluate
transpertation construction projects in terms of their
energy intensities. LCC is a method for comparing the "no
build® versus the "build* alternative in terms of energy
for a transportation project for 2 given time period.
Although the discounting of the future worth of capital is
common in economic evaluations using the LCC, this report
did not include any discounting or compounding of energy
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and simply used the total amount of energy expended for a
project.

Two methods for ranking alternatives using LCC are by
gquantifying cost benefit and payback period. The cost can
be referred to as the energy expended to build the project
and the benefit is the difference between the build and no
build energy {energy saved). Payback in years is the ener-
gy used to build the project divided by the annual benefit,
In many cases, the benefit is a minus value indicating the
total energy consumption for the build situation was great-
er than that for no-build.

The preceding discussion should include salvage energy.
These would be items such as pavements, guardrails and
light standards. Energy savings from recycling salvageablie
materials are benefits to the project. However, a salvage
analysis is often not made because of the lack of data.

Both the cost benefit and payback were used to develop the
guidelines for estimating the potential impact between a
build and no build alternative for a highway project.

An alternate method of ranking alternatives is by their
energy efficiency. The energy efficiency may be determined
by dividing the total energy consumption by the quantity of
service provided. For example, a given project may '
increase capacity along a transportation corridor, thereby
allowing ﬁpre traffic to flow and using more energy.
However, the total energy per vehicle mile traveled may
decrease due to the system having become more efficient,.

If the assumption is made that the additional travel gener-
ated by the new facility is actually travel that had
previously taken place on the surrounding regional system
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and this travel is more efficient than that of the
surrounding system, then the new facility may actually be
reducing the overall energy consumption on a regicnal or
national basis.

Appendix D shows an example energy analysis between a
recycling and conventional highway project using asphalt
concrete pavement. An example energy analysis between an
asphalt concrete and portland cement concrete pavement is
included in Appendix H. Appendix C gives an example of a
classical roadway energy probliem. These examples are in-
tended to illustrate the approach and methods for perform-
jng an analysis. The many variables which occur during any
analysis of this type could make a considerable difference
in the outcome and the numerical values used in the example
are not to be applied in a general manner.

Measures of Effecfiveness {M.0.E.s)

Currently there are no legisiatively mandated standards to
determine the level of significance of an energy impact.
Generally, using less energy is better than using more, but
this is only true if both alternates provide the same level
of service.

Three different measures of effectiveness have been devised
for this study. They are: Total Project Energy, Energy
Payback Periocd and Energy Efficiency.

1, The total project energy is the sum of the direct and
indirect energy consumption for each alternative over the
entire study period. This is a common basis of comparison
in many cases and the lowest value indicates the most ener-
gy efficient alternative if the alternatives provide the
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same level of transportation service. When alternatives
differ by a small amount, the state of the art requires
that this difference be considered as insignificant. Pre-
cisely what should be considered a "smali® difference is a
matter of experience and judgment.

The preceding discussion on LCC was used to develop a
criteria for assessing impact. An arbitrary criteria for
impact was developed based on the total project energy. If
the number of barrels of oil saved or lost during the 1life
of the project was +7,000, the project is considered as
having no significant impact. Under this criteria, an
analysis of 73 Caltrans projects indicate 19% positive
impact, 25% no significant impact and 56% negative impact.

As a comparison, the total project energy criteria in ETS
suggested that if two alternatives differed by +10 percent
or less, this difference should not be considered signifi-
cant. An analysis of the 73 projects using this criteria
is also shown on Table III. The data indicate 12% positive
impact, 60% no significant impact and 27% negative impact.

TABLE 111

Criterion for Impact

New Criterion 01d Criterion
Barrels of 0l - _
Saved or Lost No. and No. and
) During the Percent of Percent of
Impact Life of Progject Projects ETS Projects
Pasitive Impact >+7,000 14 £19%) >+10% 9 (12%)
No Significant Impact +7,000 1§ (25%)  +10% 44 (60%)
Negative >-7,000 41 (56%) >-10% 20 (27%)
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2. The energy payback period is the amount of time {t
takes to recover the quantity of energy expended for the
construction of a project. It is determined by dividing
the construction eﬁergy by the annual energy savings due fo
the project. If the project uses more energy than the no
build alternative, there is no annual energy savings and
the payback pe;iod is infinity. This MOE provideé a method
of determining the time it takes to get a return on the
{construction) investment,

A payback period of under 5 years is excellent and is
considered as a superior investment., A payback period of
greater than 20 years will generally be beyond the forsee-
able future of the project, and therefore not a good
investment, A payback period of between 5 and 20 years is
considered as not significant.

3. The energy efficiency is the total project energy
divided by the total VYMT it took to generate that energy
consumption, It is generally reported in units of
Btu/VMT.

This is the only MOE that directly accounts for the level
of service, Competing projects may involve different
levels of development of a transportation corridor which
may draw different volumes of traffic from the surrounding
system, Obviously, the largest project will draw the
greatést volume of traffic and consume the largest gross
quantity of energy. However, such a project may reduce '
congestion and allow the most efficient traffic flow on a
Btu/mile or Btu/trip basis.
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A transportation project's energy efficiency can be com-
pared to the national average efficiency for a fleet with
the same vehicle mix. A project with a greater efficiency
than the national average {i.e., less Btu/VMT than the
national average) will have a positive impact on national
energy consumption while one with a lesser efficiency than
the national average will have a negative impact. The
project with the best energy efficiency is the most
desirable.

The criteria suggested in this report should be considered
a temporary guideline until better information is available.

Computer Output

For highway transportation energy, the new Highway Energy
Analysis Program (HEAP) will print out the following
information for each alternative:

1, A summary of the direct and indirect energy for the
project.

2. The average energy efficiency of this project in units
of Btu/YMT. This will be compared to a national average
for the project vehicle mix and time period.

3. The energy payback period, if applicable.
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Comparison of Alternatives

i. Project boundaries. In order to compare projects on
an equivélent basis, it is imperative that the geometric
boundaries-of the analysis be consistent for all alterna-
tives. If one alternate necessitates the analysis of traf-
fic on a éombefing side street, then all alternates should
include this street. Generally, the limits of the analysis
boundaries will be determined by the alternate that induces
the largest perturbations in the traffic patterns. Any
side street that experiences a traffic change of #5% should
be included in all analyses if possible.

2, Portal-to-portal energy. Alternatives must be com-
pared in terms of the total transportation service required
for the trips that will be made. Invariably, a certain
portion of most transport is performed by roadway vehicles
(airport to city, etc.}. Park-and-ride, or kiss-and-ride
bus or rail transit systems require access and egress
through the use of private cars. The energy consumption of
these vehicles should be added to that of the main mode(s).
Also, certain alternatives may be more circuitous than
cthers. Both line-haul and access/egress travel should be
considered in the trip distance of each mode, The final
comparison should compare the energy consumed to provide
portal-to-portal service.

3. Transportation system energy. This analysis examines
the influence of a project or alternative on the present
and future energy use within the entire transportation
system. Items of concern are such things as changes in
travel patterns that extend outside the project, patronage
for the project that may have its sourte in a less or a
more efficient mode, and the possiblility of fostering a
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mode that may reduce future options. Some alternatives,
although more energy-intensive in their present form, may
allow modification or conversion to a more efficient system
at some future date, whereas the more immediately attrac-
tive alternative may not permit the same flexibility,

4, Regional energy. Placing a transportation project in
the context of present and future regional energy supply
and demand effectively integrates transportation energy

- uses with those of other sectors, It allows estimation of
the peripheral energy use effects of the transportation
system. Some typical elements that might be included in a
regional energy'analysis are:

a. The timing of the energy expenditure. A "“do-
nothing” alternative does not require immediate consumption
of large quantities of energy, whereas an energy-intensive
construction project may consume enough energy in a short
time period to create a strain on the energy supply of a
region. ©On the other hand, near-term'energy expenditures
may be of less concern than those of 10 years hence., At
that time, deficit payments, ﬁrpb}ems with foreign o1l sup-
pliers and diminishing Alaskan production might mean more
difficult times, This construction energy may be paid back
by more efficient operation and the time regquired for pay
back should be evaluated in a 1ife-cycle analysis.

be The type of energy used by the facility and its
present anﬁ~future availability, Units of energy alone may
obscure complications érising from use of scarce or energy
intensive fuels or alternatives requiring heavy use of
electricity may overtax local utilities during peak periods
or seasons. Consequent energy shortages could, in turn,
curtail transportation service.
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¢. The.transportation facility may'iqqﬁcé growth.
Although growth might occur in a particulaf sector of a
given region without the existence of a proposed facility,
the presence of the facility will normally accelerate land-
use changes, The land-use changes are normally in the
direction of. greater energy use and must be evaluated in
terms of regional supply and demand as well as net impact
on national reserves.

d. The physical extent of the facility and its
right-of-way preempts other uses of the land it occupies.
In agricultural areas, or areas where natural ecosystems
have high productivity, it may be necessary to account for
the loss in bicenergy that otherwise would have been
produced, '

Other possibilities for peripheral effects exist in that
the facility and the nature of the accompanying development
might make recovery of a local fossil energy deposit
uneconomical or reduce the options for siting nuclear power
plants,

Transportation Systems Management {(TSM)

TSM is a term commonly applied to almost any management
strategy designed to maximize the efficient use of trans-
portation systems. These strategies are usually intended
to reduce.congestion and increase fuel economy. These
goals can be obtained through a variety of schemes includ-
ing, but not limited to: ramp metering, ridesharing, high
occupancy vehicles, computerized signal systems, flexing of
work hours, and parking management.
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TSM often involves tradeoffs between competing modes of
transportation within a regifon. As such, they are local
issues and are best analyzed on a regional basis.

TSM is a broad subject and its complete ramifications are
beyond the scope of this text. The basic energy analysis,
however, is accomplished in a manner similar to that of any
other transportation project. The specific method for any
given analysis will vary considerably with the specific
strategy being used, Appendix I presents an example study
~for a ramp metering project.

74



Chapter 11

REPORTING AN ENERGY STUDY

The technfcai document resulting from an energy study
conducted, analyzed and reported as described here can be
considered a technical environmental document. Fortunate-
ly, the procedures and data necessary to generate such a
document are applicable to other purposes as well.

Content and format for various technical environmental
impact documents are quite similar. Certain functions must
be performed by the document regardless of whether the
study involves air quality, water quality, noise or envi-
ronmental resources such as energy.

The primary function of an environmental document is that
of communication, Impact information has to be presented
to two basically different groups of people, the technical
and the nontechnical, The report must communicate equally

with both groups. In the nontechnical sense, information
must be in a form suitable for presentation at a public
hearing, for use by executives and lay groups in decision
making, and for incorporation into an Environmental Impact
Statement (EIS). From a technical standpoint, the document
must fully support the EIS and must satisfy the needs of
the technical reviewer who wishes to assess the validity of
the study and its compliance with environmental law.

To satisfy both levels of need, the report is written in

two parts, The second, or technical, part is written
first, The first part is then written to summarize, in
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nontechnical language, the more important findings of the
study. Depending on the study objectives, this summary can
be presented in a form suitable for incorporation in an
EIS,

In an energy report, particularly in the summary, the
values reported should reflect the accuracy of the analy-
sis. In many cases, equally competent authors offer energy
use factors that differ widely. This might suggest that
certain values should be reported as a range rather than

a single value, In any case, reporting fractional values
is never warranted, Because the Btu and the kilowatt-hour
have 1ittle connotation of quantity in the experience of
the average person, a more familiar term such as equivalent
- barrels of o0il, should be used,

A report may be directed not only toward a broad category
(system, project or operational improvement) but also
toward something more specific, such as a project phase
(planning, design, construction or cperation and mainte-
nance}, A report may also present the results of a very
restricted study, such as an energy analysis of several
different pavement designs. It can be seen that the func-
tions to be served by a report will vary widely depending
on the objectives defined in the study phase. A relatively
complete study might serve several of the following
functions: | |

l. To describe existing transportation energy use as a

baseline against which future energy changes can be
evaiuated, |
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2. To provide energy consumption and conservation input
to the EIS.

3. To provide planners with energy consumption informa-
tion that will enable logical trade-off analyses in system
planning, mode selection and corridor location.

4, To provide designers with energy consumption informa-
tion that will enable logical trade-off analyses in geomet-
ric and structural design, volume and flow alternatives and
materials use.

5. To encourage and provide information for analysis of
operations during construction to conserve energy.

6. To provide energy consumption information that will
allow logical trade-off analyses during the maintenance and
operation phase.

7. To provide an energy input to transportation system
management measures.

Considering the various functions of a relatively compre-
hensive report, the following outline presents a basic and
flexible format in which to present an energy study:
Nontechnical Portion {or Summary)

1. Introduction

2, Conclusions
3. Recommendations
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Technical Portion

Background discussion

Data bank and contact description
Description of the analytical approach
Predictions of energy consumption and
conservation

~ o N I
-

8. Planning information

g, Design information

10. Construction information

11, Matntenance and operation information
12, Continuing evaluation

13, Bibliography

14, Appendices

The following discussions are keyed to the foregoing
outline:

1, The introduction should be a short narrative statement
that describes the existing situation, the need for the
proeposed improvement and the location and extent of the
various alternatives in sufficient detail to provide the
reader with a mental picture of the work to be done. The
project description must provide ample background informa-
tion (including public concerns) so that the reader fully
understands the context and the transportation system into
which the project fits, I particular, the project must be
placed in the context of energy-related problems and
constraints in the project region. Description of the
background is best accomplished by abstracting Section 4.
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2. Generally, the conclusions summarize Section 7. When
an energy study is serving as technical input to an EIS,
the conclusions should reflect those objectives, Because
most energy analyses are time dependent, the contlusions
can be presented in the form of simple graphic trend lines
and tabular summaries accompanied by a narrative which, in
the case of an EIS-oriented study, ties directly to the
followings

a. The anticipated impact of the various alterna-
tives on energy consumption and conservation, Direct ener-
gy use, by fuel type, and indirect energy should be shown.
Both beneficial and adverse impacts should be discussed,
Some possibilities are:

{1) Comparison of the energy use of the various
~alternatives in terms of total project energy, energy in-
tensiveness, portal-to-portal energy, transportation system
enerqy, or regional energy.

(2} Effects of the alternatives on local and .
regional energy supplies and on requirements for additional
capacity.

(3) Energy requirements and energy use
- efficiencies of the alternatives for the various stages of
construction, operation and maintenance, and removal {ini-
tial and life-cycle energy costs).

{4) Effects of the alternatives on peak- and
base-peripd regional energy demands.

(5) Comp]iancé of alternatives with existing
energy regulations or standards.
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{6) The effects of the alternatives on national
energy resources,

For both the build and the no-build alternative, it is
important to consider the indirect energy requirements for
maintenance and coperation in addition to the direct energy
for operation, -

b. The unavoidable adverse effects of the alterna-
tives on the energy rescurce, Unavoidable adverse effects
might include such things as resource depletion and waste-
ful, inefficient or unnecesséry consumption that cannot be
mitigated.

Cs The effect of the various alternatives on the
relationship between local short-term uses of the energy
resource and the enhancement of long-term productivity.
This effect may be expressed by examining the foreclosure
of alternative land uses, future transportation alterna-
tives and other uses to which the project energy might be
put. Life-cycle costs may be important,

d. The irreversible and irretrievable commitments of
the energy resource that would accompany the implementation
of the various alternatives, These might consist of such
things as the preemption of future opportunities for energy
development or conservation, the use of fuel, and use of
construction materials,

€. Mitigation or energy conservation measures that
might be part of implementing any of the various alterna-
tives. These measures would be aimed at reducing wasteful,
inefficient, and unnecessary energy consumption in all
phases of the project. They would include any specialized
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machinery such as regenerative motors or flywheel storage,
design features, pavement recycling at a future date,
alternative fuels or energy systems, potential for reducing
peak energy demand, and siting and orientation to reduce
gnergy deménd.

Other e]emenfs'requiring discussion in this section might
be the consistency of the various alternatives with region-
al and national energy goals and the consumption of energy
by any growth or development resulting from the project.

3. A recommendation on the preferrred alternate would not
be included in this summary. This section would usually be
written to summarize information presented in Sections 8
through 11. This information is an input to the various
phases of a project and serves to identify opportunities
for energy conservation and prevention of wasteful or
inefficient conéumption.

4, The background discussion provides information on the
project in terms of its energy setting, Important things

to discuss might include:

a. Existing regional energy use patterns in terms of
fuel type used and temporal aspects.

b. Regional energy supply and demand situation.

C. Regional energy supply and demand associated with
anticipated land-use changes.
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d. Areas in the immediate project vicinity with
energy potential such as fossil fuel deposits or geothermal
sources, '

€. Potential or proposed power plant sites in the
immediate project vicinity.,

f. Expressed energy concerns of the public, local
agencies, environmental groups, etc,

5. A data bank and contact description is necessary to
satisfy regulatory agency reviewers. It also provides a
"memory freshener" for study review in the future. Brief-
ly, this section of the report includes a listing of
prbductive and nonproductive data sources and contacts that
were utilized in developing the energy study. A chronology
should accompany the listing.

6. A description of the analytical approach is necessary
for the technical reviewer, This provides an indication of
the technical adequacy of the document. The approach
should be discussed in sufficfent detail to allow review of
the important steps and show continuity in the analysis.,

7. Predictions of energy consumption and conservation
which developed from the analysis are presented in this
section, These constitute the "results" of the study.
Types of predictions to be made are dependent on the objec-
tives of the study. Where the study is to serve as EIS
input, the parameters discussed in Section 2 could serve as
a2 framework,
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8. If the objectives of the study are such that energy
information is developed which may be of use in the
plarning phase of a project, it would be presented in this
section for special attention by transportation planners.
Even though the information may appear elsewhere in the
report, this section allows a special orientation toward
problems and opportunities in the planning phase, '

9. Information for design input is often in the nature of
impact mitigation and calls attention to materials and
design parameters that offer energy economies or wasteful
energy expenditures,

10, Construction information presented in this section can
provide the construction engineer with the necessary
insight to recognize possible energy conservation opportu-
nities that may occur during the contractor's operations,

11, The maintenance and operation section is intended to
carry the applicable results of an energy study on beyond
the construction phase. An analysis may contain results
that are predicated on certain types and frequencies of
maintenance activities. Knowledge of the analysis may
provide further opportunities to revise practices and
promote conservation,

12. As energy conservation techniques become more impor-
tant ‘and are pursued in project development, many assump-
tions wili_be concerning the new and unproven approaches.
To determine the worth of such techniques and assign more
accurate values to them for use in analysis, feedback must
occur. To enable the proper feedback, this section can
provide a listing of those areas where more information is®
needed to refine the assumptions.,
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13. The bibliography provides a list of pertinent refer-
ences for the reader. It should not duplicate Section 5,

14. Where necessary, calculations or other pertinent mate-
rial may be appended to the report.
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16.
17,
18,
19,
20,

TABLE 1V

ENERGY REPORT CHECKLIST

No

EIS Content (Ref. F.R. 12-29-80) Yes

Alternatives which promote energy conserva-
tion have been included in the study

Analysis differentiates between petroleum
and nonpetroleum energy sources

Energy consumption in facility operation
and maintenance

Regional energy impacts of the proposed
action and the regional transportation plan

Present analysis in terms of BTU

Total energy consumed by vehicles predicted
to use facility

HIGHWAYS
Vehicle miles traveled

Average vehicle occupancies

Changes in energy consumption through
changes in traffic flow

Generated or induced trip

Energy use for street lighting and tunnel
operation {if significant)

AIRPORTS
Energy use in terminal facility

Energy use by aircraft

Passenger load factor

Energy use in transportation to and from
airport '

. TRANSIT AND RAIL
Energy use by transit vehicles or trains

Energy use at terminails

Passenger load factors

Changes in modal split

Energy use in access to transit
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21.

22,

23,

24,
25,
26,

27,
28.

29,
30.

31,

32.

33.

34,

SIGNIFICANT INDIRECT IMPACTS Yes No

Changes in land use patterns contributing
to longer or more energy consuming
commuting trips stimulated or supported
by the proposal

Trips diverted from other more or less
energy efficient modes

Increased auto use generated by terminal
construction or expansion of parking
facilities

CONSERVATION
Selection of energy efficient alternatives

HQY lanes

Interface with transit services in urban
highway proposals

Measures to improve traffic flow

Bicycle and pedestrian facilities

CONSTRUCTION ENERGY

Energy impacts of construction including
energy used by construction equipment

Significant impact on or use of natural
resources such as coal, minerals, etc,

Trade offs between operating and mainte-
nance energy savings and construction
energy consumption

OTHER FACTORS

Consistency of the proposed action with
any state, regional or local energy con-
servation plan

Reflection of energy elements of transpor-
tation planning

Indication of whether the proposed action
js part of an energy contingency plan or
will be relied upon during an emergency
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APPENDIX A

GLOSSARY

This glossary is very limited in scope and is intended to
explain terms used fn "Energy and Transportation Systems.,"
For a more complete coverage, the publication, "Glossary of
Energy, Economic, Environmental, Electric Utility Terminol-
ogy," published by the California Energy Commission, is
recommended, '

Average Dajly Traffic (ADT): Average number of vehicles
that pass a specified point during a 24-hour period in both
directions. '

Average Occupancy: The average number of passengers per
vehicle in some prescribed time pericd or operation. In an
aggregate operation, average occupancy equals passenger
miles traveled divided by vehicle miles traveled

{PMT/VMT).

bl: Barrels of oil {42 U.S. gallons).

Barrels Per Day 071 Equivalent: A measurement applied to

energy sources other than oil for the purpose of making
more direct comparisons,

Btu (British thermal unit): The quantity of heat required

to raise the temperature of opne pound of water one degree
Fahrenheit at or near 39.2°F, at standard pressure.
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Btu/seat-mile or passenger mile: A measure of energy .
efficiency, generally implying the fossil fuels {or their
equivalent) used in propelling the vehicle. One variation
is gallons/square foot (of passenger area), advocated by
some for transit operations. Btu/seat-mile is a measure of
potential efficiency, resulting from 100X occupancy, while
Btu/passenger-mile is a measure of actual efficiency.

Bunker "“C" Fuel 0il: A heavy residual fuel oil used by
ships, industry, and large scale heating installations. 1In
industry, it is often referred to as No. 6 fuel.

Calorie: Originally, the amount of heat energy required te
raise the temperature of 1 gram of water 1°C. Because this
quantity varies with the temperature of the water, the
calorie has been redefined in terms of other energy units,
One calorie is equal to 4.2 joules. {(The food calorie is
equivalent to one thousand calories defined in this
manner, }

Calorific Energy: It is the heat energy released when the
product is completely burned. The energy required to
refine, mine, or otherwise prepared such fuels for use is
not included in calculating the amount of heat available in
fuels, The characteristic of primary concern for materials
used as fuels, ' |

Construction Energy: Energy used to build the system,
e.9., in Transit Analysis-vehicles, stations, roadbeds, *

- terminals and associate facilities. Includes energy of the
materials "as well as the energy in placing them.
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Cuts or Fractions: Products secured by fractional distil-
lation are referred to as fractions or cuts. Gasoline
fractions or gasoline cut, and kerosine fraction or kero-
sine cut, etec.

Default Value: A design value based on substantial experi-
ence or studied conclusions to be used for estimating
various parameters in Tieu of actual definitive values,
e.g., average auto fuel consumption rates.

Drive: The equipment used for converting available power
into mechanical power suitable for operation of a machine.

Drive, Diesel-Electric, 0il1-Electric: A self-contained
system of power generation and application in which the
power generated by a diesel engine is transmitted electri-~
tally by means of a generator and a motor, or multiples of
these, for purposes of propulsion.

Drive, Gascline-Electric: A self-contained system of power
generation and application in which the power generated by

a gasoline engine is fransmitted electrically by means of a
generator and a motor, or multipies of these, for purposes

of propulsion.

Drive, Gas-Turbine-Electric: A self-contained system of
power generation and application in which the power gener-
ated by a gas~-turbine engine is transmitted electrically by
means of a-generator and a motor, or multiples of these,
for purposes of propulsion,
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Drive, Steam-Turbine-Electric: A self-contained system of
power generation and application in which the power
generated by a steam turbine is transmitted electrically by
means of a generator and a motor, or multiples of these,

for purposes of propulsion.

Freight Efficiéncy: A measure of the amount of freight
that can be moved some distance by a given mode of trans-
portation for an expenditure of a certain amount of fuel
(energy}. It is usually defined as the number of tons of
freight moved multiplied by the number of miles obtained
per gallon of gasoline used, (See ton-mile,)

Great Circle Distance: An arc between two points on the
earth’s surface formed by the intersection of a plane
passing through the center of the earth, For aircraft or
ships, it is the shortest distance between two points.,

GRT (Group Rapid Transit): Public transportation systems
utilizing 8 to 20 passenger automated vehicles on exclusive
guideways. Multiple stops, responding to origin and desti-
nation desires of passengers, Similar to PRT except uses
larger vehicles,

Guideway: A facility for transit vehicles which are not
gquided by an operator. | ‘

Horsepowet: Measure of power approximately equal to 746
watts., The force that will raise 746 kilograms a distance
of one meter in one second,

HOV (High-Occupancy Vehic}es): A vehicle, typically an
automobile or van, with most of the seats filled with
passengers.
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HOV Lanes: Highway lanes reserved for HOV's,

Induced Growth Energy: Energy used in building or operat-
ing systems, structures, or devices that are subsequently
developed because of the existence of a new transportation
facility. '

Indirect Energy: A term used to denote all energy inputs
to the construction, operation, and maintenance of a
system, exclusive of traction (propulsion) energy and
parasitic Tloads within the vehicle,

input-Output Analysis: A matrix form of analysis, devel-
oped for the field of economics, which is a tabular summary
of the goods and services used in the process of making
other goods or services. The analysis is in terms of

dollars and encompasses the entire nation.

Joule: The Joule is the work done when the point of appli-
cation of a force of one newton is displaced a distance of
one meter in the direction of the force. (Equal to cne
watt-second,)

Kilocalorie: The amount of heat required at standard
pressure to raise the temperature of one kilogram of water,
one degree centigrade.

Kiss and Ride: A form of access to a mass transit station
where transit riders use automobiles for the trip from home
to the transit station, where the rider is dropped off and
the automobile is used by another person.

KWHT: Kilowatt hour thermal - equals 3,413 Btu.
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KWHE: Kilowatt hour electric-equals roughly 10,000 Btu,
depending on the conversion loss factor assumed {.33 is
typical) for converting fossil fuel into electricity.

L.A.S.H.: "Lighter aboard ship", a ship which carries
smaller loaded vessels on board {similar in concept of
“piggybacking" trailers on train flat cars).

Line Haul: Normally the distance between communities or
poepulation centers.

Load Factor: The average ratio of passengers to seats in
some prescribed time period operation, expressed as a deci-
mal or a percentage, e.g., in public transit, the ratio is
the average of in-bound {peak) and outbound {off-peak)
operations.

Maglev: Magnetit levitation; raising a vehicle by magnetic
force (repulsion or attraction}.

Maintenance Energy: Includes energy needed to repair and
maintain vehicles and other constructed items of the
- system.

Magajoule: 100 joules (abbreviated MJ),,
Newton: The newton is that force which when'applied to
body having a mass of one kilogram, gives it an accelera-

tion of one meter per second squared.

OPEC: Organization of Petroleum Exporting Countries,

A-6



Operating Energy Intensity: Vehicle propulsion energy

measured jn Btu's per passenger or seat mile.

Parasitic Loads: Power requirements in a vehicle by air
compressors, colling systems, generators and similar
equipment detracting from horsepower delivered to drive
wheels, o

Park and Ride: A form of access to a mass transit station
where transit riders use automobiles for the trip from home
to the transit station, where they are parked until the
rider returns (P&R).

Passenter-miles: Vehicle-miles multiplied by the {(average)
number of passengers on board. Abbreviated PMT.

Petroleum Energy: The total number of Btu's that are
generated from petroleum based fuels,

Power: The rate of flow of useful energy.

PRT (Personal rapid transit): Public transportation system
utilizing small - 2 to 6 passenger - automated vehicles,
operating on exclusive guideways. Multiple stops, respond-
ing to origin and destination desires of passengers.

Processing Energy: The amount of fuel and/or electrical
energy required to provide a unit of the material in a
usable forh‘— is the principal energy consideration for
processed and manufactured materials.
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Ramp Metering: The control of vehicles entering a
restricted access highway {freeway) so as to maintain the
volume-capacity ratio at a point where free flow {no con-

gestion} exists.

Seat-mile: ?ehicle-mi]es multiplied by the number of seats
in the vehicle.

Station Energy: A portion of operating energy. Specifi-
cally, the associated parking lots, administration build-
ings including lighting and heating.

Therm: 100,000 Btu. Also that quantity of a gaseous fuel
which contains 100,000 Btu in calorific heat value.

Ton-Mile: In general, one short ton (2,000 1bs.) trans-
ported one mile. A misleading term unless one understands
the circumstances of its computation; e.g., whether only
cargo is involved, and whether empty back-haul is included.
Ton-mile/gal is commonly used as a measure of efficiency in
moving freight,

Variations Include:

CWT/Gal - cargo weight in 100 pound units per gallon of
propulsion fuel, ' - | -

Gross Trailing Tons/Gal - Term used im train freight

denoting gross train weight, exclusive of engine
units.

toaded Trailer/Tons/Gal - A term used in TOFC (trailer
on flat car) operations, referring: to flat car payload
of truck trailer and its cargo.
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Traction Energyﬁ Includes the energy for vehicle propul-
sion and any parasitic lcoads such as lighting, heating, air

conditioning or various other energy demands within the
vehicle, This term is generally synonymous with Direct
Energy, a term favored by some authors; Some disagreement
has existed over what parasitic loads are to be included.

Trailing Gross Tons: The gross tonnage being pulled by a
train engine. Does not include the weight of the engine.

Travel Speed: Average distance/unit of time area
prescribed route, '

Ynit Train: A system developed for delivering, e.g., coal
more efficiently in which a string of cars, with distinc-
tive markings, and loaded to "full visible capacity", is
operated without service frills or stops along the way for
cars to be cut in and out. In this way, the customer
receives his coal guickly and the empty car is scheduled
back to the coal fields as fast as it came.

Vehicle-miles: The sum of the distances (in miles) each
~vehicle travels while conducting its transport function.
Abbreviated VYMT, '

Volume Utilization: A term used in freight space utiliza-
tion referring to the internal container volume used to
store packages. A 60% volume utilization means 40% of the
container is unused.

Watt: The watt is the power which requires a supply of
energy at the rate of one joule per second.

A-9



APPENDIX B

LEGISLATION AND REGULATIONS
RELATED TO TRANSPORTATION ENERGY



APPENDIX B
Legislation and Regulations Related to Transportation Energy

‘Federal Laws and Regulations

1, National Environmental Policy Act (NEPA) of 1969
(Poi—; 91-190)

This act does not specifically refer to energy but requires
discussion of any irreversible and irretrievable commitments
of resources which would be involved in the action,

2. Environmental Quality Improvement Act of 1970
(P.L. 91-224)

This act assures that each federal department and agency con-
ducting or supporting public works activities which have an
effect on the environment shall implement any policies estab-
lished under existing law.

3. Federal Aid Highway Act of 1970 {(P.L. 91-605)

This act requires a report which indicates the considerations
given to the social, environmental, economic and other effects
of a plan, highway location or design and various alternatives
which were raised during a hearing or were otherwise
considered, ‘
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4, Clean Air Act Amendment of 1977 (P.0. 95-95)

This act requires assessment of the energy impact of various
transportation control measures and strategies.

5. DOT Order 5610 IC

This order states that alternatives studied for a project
should include those which promote energy conservation.
Impact analysis should identify petroleum and nonpetroleum
enerqgy sources. Requires energy analysis for transit, rail,
highways and airport actions and a thorough analysis of vari-
ous other impacts. |

6. Federal Highway Procedure Manual {FHPM) 7-7-2

This procedure requires environmental impact statements to
document major direct and indirect energy impact of project
alternatives and their potential for conservation, mitigation
measures to enhance energy conservation and discuss the
project relationship with state and regional energy planning.

7. Energy Impact Regulation, Federal Register Volume 45,
- No. 250

This regulation details items that need to be addressed in the

‘environmental impact statement. oo

8. NEPA Regulations, Federal Register Volume 43, No. 230,
Section 1502.16

This regulation states that in any envirocamental impact state-

ment, the environmental consequences section should include a
discussion of energy and natural or depletable resources,
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9. Energy Supply and Environmental Coordination Act of 1974
(P.L., 93-319)

This act provides a means to assist in meeting the essential
needs of the United States for fuels with existing national
commitments to protect and improve the environment and te¢ pro-
vide requirement$ for reports.

10. Energy Policy and Conservation Act of 1975 (P.L. 94-163)

This act sets vehicle fleet mileage averages for various years
and requires that the U.S. Department of Transportation set
standards for passenger vehicles for future model years after
1980. It emphasizes energy conservation and requires states
to submit energy conservation plans to federal agencies.

11, The President's Environmental Message of 8-2-79

This directs the Secretary of Transportation to assure that
federal transportation funds are used to promote energy
conservation.

12. Executive Order 12185, 12-17-79

This order directs each federal agency to effectuate conserva-
tion of petroleum and natural gas.

13, Federal Highway Administration (FHHA) Notice 5520.4,
3-21-80

This policy provides broad direction on energy conservation
for the federal aid highway program and to identify areas that
possess the greatest area for fuel conservation.
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California Law and Regulation
1. California Environmental Quality Act (CEQA} of 1970

This act specifically requires that an energy analysis be made
as part of an Environmental Impact Report {(EIR} for a project.

2. California Department of Transportation, Policy and
Procedure No. 78-17, 10-10-78

This policy is to assure that the Department is utilizing

nonrenewable resources most efficiently in order to minimize
their consumption by the transportation progranm,
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APPENDIX C

ROADWAY ENERGY CONSUMPTION

€1 Introduction

This chapter presents various methodologies for determining
the energy consumption for highway projects. Included are
energy factors and discussion of direct and indirect ve-
hicle energy for light duty vehicles, medium trucks, heavy
trucks and buses; roadway maintenance energy and roadway
construction energy. Also incliuded is an example problem
showing how these factors are used.

€2 Direct Vehicle Energy

Three different metﬁods of determining the fuel consumption
of light duty vehicles, medium trucks and heavy trucks have
been devised. The first method is highly detailed and
allows the analyst to discretely examine the individual
effect of roadway geometrics and traffic patterns on fuel
consumption. The second method is specifically applicable
to urban congestion where only the travel time or aQerage
speed is known, and individual effects of each slowdown or
stop cannot be determined, The third method is used where
only the total VMT of the project is known. These three
methods méx be utilized in combination with one another to
make use of different levels of information available to
the energy analyst. A fourth separate method is used for
buses due to the different types of information available
for a transit energy analysis.
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For the purposes of this investigation, light duty vehicles
are classified as all vehicles with two axles and four
tires. This includes both passenger vehicles and pickups
weighing under 8500 1b. Medium trucks are two axle and six
tired vehicles weighing between 8500 and 19500 1b. Heavy
trucks are defined as vehicles having three or more axles
or weighing over 19,500 1b.

Discrete Fuel Consumption Method

The first vehicle fuel consumption methodology is similar
to that used in "Energy and Transportation Systems"
E&TS(1l). It is a disaggregate method where each change in
the roadway geometrics or traffic patterns is modeled
separately. It is most applicable for project level
studies where a high degree of information is available
regarding the proposed undertaking. |

This method basically consists of dividing the roadway up
into segments or "links" where the traffic characteristics
are fairly consistent. Knowing the speed and grade on the
Tink, a base fuel consumption rate s cbtained for each
vehicle type (Tables C:1:1 to C:1:3). This base rate may
then be modified by correction factors for cold starts
{Table C:6) or other miscellaneous variables (Table C:7) as
necessary*, The base rate is multiplied by the length of
the 1ink to obtain the link's base fuel consumption. The
additional fuel due to curvature, slowdowns and/or stops is

*Contrary to the old E&TS, recent research has shown
‘virtually no correlation between fuel consumption and
pavement surface roughness, so no general purpose
correction factor is used for common highway pavement
surface conditions.
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added to this base fuel consumption by using the factors in
Tables C:2:1 through C:3:3. The sum is multiplied by a future
year correction factor (Tables C:5:1 to C:5:3} to account for
changes in fuel efficiency between the base year {1980) and
the projected year of the analysis. This value, multiplied by
the number of vehicles on the link per year, will yield the
annual fuel consumption.

The total fuel consumption consists of both gasoline and
diesel fuel. The total gallons of diesel can be obtained
by multiplying the percent of diesel {Tables C:5:1 to
C:5:3) in the fuel mix for the study year by the total fuel
consumed. The remainder is gasoline.

Urban Fuel Consumption Method

The second direct fuel consumption methodology is used for

urban traffic situations where it is difficult to identify

the speed profile of the average vehicle. This method uses
the average speed of the vehicle, and already accounts for

the slowdowns and stops normally experienced in urban traf-
fic. It is especially useful for situations where conges-

tion induces delay beyond the normal travel time. This may
be applicable for both project and system level studies.

For the urban fuel consumption method, the base year fuel
consumption rates presented here are only dependent on the
weight of the vehicle and the vehicle's average speed.*

*The average speed may be calculated from the attempted
speed and actual delay using the following formula:

distance
attempted speed

distance / { + delay) = Average Speed
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The weight of the average on-road light duty vehicle (LDV)
in 1980 has been calculated to be 3938 pounds and the urban
fuel consumption rates presented in Table C:4 are based on
this weight. Table C:4 also presents a formula to calcu-
late the fuel consumption rates for LDVs with other base
vehicle weights. The fuel consumption rates for medium and
heavy trucks are based on the average weight of vehicles in
this class and no formula exists to modify them for specif-
jc vehicles of different vehicle weights.

Table C:4 shows the urban fuel consumption rates and the
formula used to calculate them for LDVs and heavy trucks.
These rates multiplied by the vehicle's VMT and the future
year correction factors from Tables C:5:1 to C:5:3 witll
yield the total fuel consumption for any given time period
between 1980 and 2005. This total fuel quantity can then
be muitiplied by the percent of diesel (Tables C:5:1 to
C:5:3) to further differentiate between gasoline and
diesel.

1t should be noted that the Urban Fuel Consumption Method
is only valid for relatively flat (0% grade) roadway
sections. No data exist for nonflat conditions. We might
suggest calculating a grade correction factor from Tables
C:1:1 to C:1:3 by taking the fuel rate for the grade and
speed desired and dividing it by the rate for the same
speed at 0 grade. This grade correction factor could then
be multiplied by the appropriate urban fuel consumptiecn
rate to get the urban consumption at grade.
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YMT Fuel Consumption Method

The third direct fuel consumption methodology is used when
nothing is known about the transportation system other than
the vehicle's total V¥MT. This method is most applicable
for use with large macroscale regional or subregional
transportét{od models which will often output only the
total VMT-by mode. Generally, it would not be applicable
for a project level study of roadway vehicles.

Tables C:5:1 to C:5:3 give the average on-the-rocad fleet
fuel efficiency for each vehicle type., These fuel effi-
ciencies are simply divided into the VMT to obtain the
total fuel consumption which may then be separated into
gasoline and diesel using the percent of diesel column in
these tables, |

Direct Energy-Buses

The direct fuel consumption for buses is calculated differ-
ently from that of the other vehicle types, mostly because
there is no data base similar to that of the above vehicles
to call upon. For the purpose of this report, the fuel
consumption rate for buses is contingent on the following
parameters: bus type, load factor, route type and the use
of air conditioning.

Tables C:8 to £:10 give the fuel consumption rate of a num-
ber of mdkgs and models of buses under three load factors:
empty, 20 passengers, and full. The fuel consumption rates
are further refined into three route types: Central

-9



Business District*, Arterial Streets**, and Commuter#®¥**,
and whether the buses are air conditioned (A.C.) or not.

Table C:11 gives the average of the fuel consumption rates
for the three major bus types: Advanced Design Bus {ADB),
New Look (NL), and Articulated (Art}. The equations given
below can be u%ed to modify the fuel consumption rate on
the CBD route for all bus types to something other than
seven stops per mile. This is done by taking the fuel con-
sumption rates given in Table €:11 and dividing them by the
appropriate factor below.

CBD Correction Factor {A.C.) = 3.81 x o(-0.1915xn)

CBD Correction Facter {nc A.C.) = 3.38 x o{-0.1738xn)

where n
e

stops per mile

natural logarithm

*CBD Route: 7 acceleration/stops per mile between zero
and 20 mph; average speed = 12.9 mph.

. **ART Route: 2 acceleration/stops per mile between zero
and 40 mph; average speed = 26.7 mph.

***xCom Route: 1 acceleration/stop per 4 miles beiween Zero
and 55 mph; average speed = 46.5 mph.
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Indirect Energy-Vehicles

Indirect vehicle energy can be broken down into the follow-
ing four basic components: oil, tires, general maintenance
and repair, and manufacturing energy. The amount of energy
expended on a per mile basis for these last three compo-
nents will charnge with the pavement surface condition.
Therefore these factors have to be multiplied by a correc-
tion factor if the pavement has a different pavement
serviceability index {(PSI)} value from the base value of
3.5. The base values of the indirect energy components and
their correction factors are given in Tables C:12:1 to
£:12:3.

Indirect vehicle energy for buses is just broken down by
manufacturing and total maintenance., These values are
given in Table C:13.

Indirect Energy-Roadway Maintenance

The energy involved in roadway maintenance can be deter-
mined by identifying the type of pavement (PCC/AC) and the
area type {urban/rural)., Table C:14 gives the maintenance
energy values on a Btu per lane-mile per year basis. These
figures are valid for routine maintenance only: patching,
crack sealing, lighting, landscape maintenance, etc. Major
rehabilitation projects (such as overlays, slab replace-
ment, etc.) done by outside contractors should be consider-
ed as conétruction projects.
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Indirect Energy-Roadway Construction

There are two basic methods used for calculating roadway
construction energy: the process analysis approach and the
input/output approach. The process analysis approach
follows the coqstruction process atong from start to finish
and assigns an energy value for every material and'opera-
tional step in that process. This method is useful in that
it identifies energy intensive steps and it allows the
analyst to determine the individual effects of changes in
design or other underlying assumptions. The input-output
approach simply assigns an energy-to-dollar ratio for every
sector of the economy, such as ropadway construction {we
have modified these original factors to some extent to
allow further differentiation of highway projects). Input-
output is useful because it is quick and easy and because
preliminary cost data are often the only information
available at the time of EIR preparation.

€3 Process Analysis Approach

The energy necessary to construct a project can be broken
down in the following manner: materials energy {the energy
necessary to produce asphalt, portland cement, aggregate,
etc.) operations energy (for mixing, pltacing, compacting,
etc.) and transportation energy {(taking materials to and
from the job site). By summing the energy for the specific
mix désigns, construction methods and transport distances
used on the. job, the total construction energy can be
determined.
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The energy equivalent of the basic construction materials
are given in Appendix G. Table C:15 shows the direct ener-
gy used to operate various types of construction equipment,
Table C:16 gives estimates of the energy to complete
various construction operations. The transportation energy
for construction materials is calculated from Table C:17.
Estimates of the total energy to produce various construc-
tion jtems in-place are given in Tables C:18 and C:19. The
values in these tables assume certain mix designs and
construction technigques and do not include the transporta-
tion energy, which can be quite variable. An example of
the process analysis method of construction energy analysis
is given in Appendix D.

C4 Input-Qutput Approach

The input-output is considerably faster and less accurate
than the process analysis approach. It involves simply
reducing the cost estimates for each type of facility in a
construction project down to their 1977 level by multiply-
ing them by the Highway Construction Price Index in Table
C:21, These 1977 dollar costs are then multiplied by the
appropriate Btu/$ ratio from Table C:20 to obtain the
construction energy.
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. FCR = FUEL CONSYNPTION RATE (68172000 M1}
FCR = (B ¢ 0/ UINIO00 KBERE: R = 9.278 « 10°F & 8,445 4 10-¢ , veR, Wl

£ 2 -2.818 o 2o ¢ 2,481 « 10°7 ; GER, ¥,
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