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ENERGY RESEARCH AT THE VIRGINIA HIGHWAY
AND TRANSPCRTATION RESEARCH COUNCIL
by

Woodrow J. Halstead
Researcn Cecnsultant

GENERAL OBSERVATIONS

,J

The Virginie Highway and Transtortation Ressarch Council
has an cngei ram TO Keep abreast of matters involving the
utilizaticn a servation of energy as they pertain toc trans-
portation facilities. As of October 1879, 13 reports have been
published and work is under way on 8 studies. Included herein
are the titles, report nuhbers, and summaries of the published
reports and a l¢s+¢ng of working plans by title and author for
the ongoing studies. Copies of the reports and working plans
not ocut of print are available without charge to city and county
fficials upon request.

While it is not possible to summarize all aspects of such
research in a few statements, collectively these reports and the
work done to date on incomplete projects have led to the
following general observations.

1. Direct transportation energy — the energy required to move
people and goods— amounts to about one-fourth of the total
energy used in the United States. Indirect transportation
energy — that required to build and maintain transportation
vehicles and facilities — represents another 17%.

2. At the present time almost all of the direct transportation
ernergy nust come from petroleum — gasoline and diesel fuel.
This amcunts to about 8.5 million barrels of oil a day
(about 400 million gallons).

3. Conservaticn efforts leading to decreased average use of
gasoline or diesel fuel per vehicle in the transportation
fleet have a significant effect on national energy consumpticn,
since even a very small reduction in the average use per
vehicle is multiplied by 100-14C million, the number of
vehicles. Decreased consumption can best be attainec by

increased efficiency (more miles per gallon) in the operaticn
of cars and trucks. A reduction of Wiles travelled per vehicle
through car pocling or the =2liminaticn of other unnscessary



Iy

e

trips can also have a significant effect, if practiced by a
large number of people.

Conservation efforts in highway construction and maintenance
have a relatively small effect on total national consumption,
but are very important from the s;andp01nt of holding down
costs in the face of rapidly increasing prices for energy.

Curtailment of highway construction or maintenance of the
physical characteristics of streets and highways is not a
valid energy conservation technique. Such action is likely
to be counterproductive because it will increase the total
energy used by decreasing the efficiency of the vehicles
using the streets and highways.

Gasohol — 10% ethanol blended with gasoline — can be used
as fuel in the present automobile fleet. However, without
tax reduction incentives,this fuel is more expensive than
100% gasoline at the present time. In addition, the national
manufacturing capacity for ethanol is not now sufficient to
provide a significant supply of Gasohol in terms of reducing
petroleum consumption. The technology is available for
developing such capacity, but whether or not a major effort
in this direction provides a viable approach to overall
conservation of energy remains to be determined.

Other potential sources of fuel for transportation vehicles
include liquefaction of coal, gasoline from shale ocil,
hydrogen, and electricity. All of these may eventually
provide part of the solution of the problem of replacing
gasoline from petroleum, but ncne of them are likely to be
developed sufficiently to provide a significant reduction
in the use of gasoline or diesel fuel from petroleum before
the next decade — and more probably nct until after the
year 200C.

Solar energy has a potential for providing economical means

of charging batteries for traffic counters and signal devices.
Its use will be especially advantageous in remote areas not
having access to a central power supply. Use of solar devices
for heating asphalt emulsion supply tanks and for space and
water heating in buildings also shows promise.

High pressure sodium vapor lamps for highway lighting are
significantly more economical to operate than mercuryv vapor
lights, and eventual replacement of the mercury lamps wit



high pressure scdium lamps 1s recommencded for hizghway Lightin
“or scme locazTicns in urban areas, tThe yellocw colcr 27 z<he
scdium 1izhts may e unaccepztable,

20, Acdequate lighting in congested zreas improves safety., How-
aver scme reducticn of ligh+ting intensizty may Le arcroctriats
o reduce COST3.

1i. Ior a state highway dcepartment the use of clesel engines in
mid-capacity range *trucks (e.g. 4=3 yd*® dump trucks) in
lieu cf gasoline engines would be more snergy-efficient and
cost-eifactive. The saving in fuel costs cver the _ifs of
The vehicle more *than compensates Ior the Inlitizl higher
cost of the diesel unit.

12. 3ignificant savings in fuel costs and increaszsd comfort *o
workers can be attained by proper insulation of buildings.
Better regulaticn of thermostats — principally turning off
heat and air conditioning when not needed — provides an
opportunity for additional savings.

SUMMARY OF REPCORTS RELATING TO ENERGY PUBLISEED
BY THE RESEARCH CCUNCIL
(1) "The Outlook for Transportation Inerg An Cverview
and Summary of Conservation Plans in Virginia",
Woodrow J. Halstead (VHTRC 78-R17) January 1978

This report gives a preliminary evaluation of some of the factors

involved in transportation energy and the potential effect of expected changes

in the energy situation on the programs and the operations of the Vi

irg

-

inia
The objective is to provide a

Department of Highways and Transpertation.

general understanding of the broad aspects of the energ roblem and tec make
g p P

the Department's administrators and others aware of th

directed at the problem by the Research Council.
of

The program outlined includes studies the

cpportunities in four general ar=as:
1.

Highway construction and maintenance

2. Highway operations (transportation plannin

management)
Highway lighting

4, Oper

aticn ¢

aighwayv

the ongoing efforts

energy consarvation
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(2) "Some Energy Alternatives", Woodrow J. Halstead
(article published in Bulletin of the Virginia Depar=-
ment of EHighways and Transpcrtation, Yol., &3, Ne=.

> % 2, NMovember-December ¢577)

This article discusses, in general terms, the potential and the
majcr problems in the large-scale production of a number of systems suggested
as alternatives to gascline powered vehicles. Systems discussed include
(a) gasoline from coal; (b) gasoline from shale 0il; (c) methanol as a fuel for
internal combustion engines; (d) electrically powered vehicles; and
(e) hydrogen. It was concluded that all of these systems could be developed
eventually as substitutes for some petroleum fuel now used but no single
one is likely to be adequate as an only alternmative., It was also concluded
that significant contributions from these sources would not occur prior to the
1990's and possibly not before the year 2000.

(3) MEnergy Use and Conservation in Highway Construction
and Maintenance", Woodrow J. Halstead (VHTRC 79-R11)
September 1978

This report reviews options for the conservation of energy in
highway construction and maintenance. The objective of conserving energy
was found to relate closely to objectives of comserving high quality materials
and reducing costs. For overall energy efficiency, the best possible con-
struction and maintenance procedures consistent with budgetary limitatioms
and availability of materials are considered desirable.

Major conclusions are:

1. No major changes from present-day construction practices are
needed.

2. Energy considerations should be a factor in planning and
cocnducting research in all technological areas.

3. The best potentials for comserving energy in construction are
increased use of mineral wastes and local materials; increasad
recycling for both asphalt and concrete pavements; and sub-
stitution of emulsions for cutback asphalts.

4, Because of the possibility of a reduced supply of asphalt i
the future, long-range studies for minimizing the use of asphal
in highways are recommended.

(%) "Cpportunities for Conserving Energy in Asphalt Paving
I 5 " J =)
Prccesses", Woodrow J. Halstead (VHTRC 73-R13) Octcher
878
This report discusses the pctential for energy conservation in =z
number of activities related to the use cf asphalt materials in highway con-
structicn. t is pointed out that not only should the total energy be
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considered, but also the category of the energy involved. The categories
suggested are (1) embodied energy, (2) transpcrt energy, (3) construction
energy, and (%) indirect energy. Transport energy and construction enerzy
have a major direct impact on highway centractors, since such energy consists
primarily of the fuel to operate hauling and construction equipment. The in-
direct and embedied energy categories are important from a national viewpoint,
but with respect to highway comstruction are of concern cnly to the extent
that thev affect the cost and availability of materials.

Included are discussions of asphalt supply and costs; effects of
substituting emulsions for cutbacks; the potential for energy comservacicn
with drum mixing plants; energy saving through the use of asphalc stabilized
aggregates; and energv considerations in recycling asphalt pavements.

3 5 — Ty o~ - . P < 2

(5) MEnergy Concerns Relating =o Highway Cus;ruct;on and
P - T 3 or T e o+ ULITRDALRD f o T
Maintenance", Wcodrow J. Halstead (VETRC-RP1LL) March

This paper presents a broad overview of energv concerns relating
to highway construction and maintenance. It combines pertinent information
from published Virginia reports (VHTRC 78-R17, VHTRC 79-R11l, VETRC 79-R19)

as well as infermation from a report prepared for the Federal Highway
Administration by the Texas Transportation Imstitute entl.lea "Ideas for
Energy and Materials Conservation in Highway Construction' (FHWA-TS-78-237).
The conclusions are summarized as follows:

1. The objective of conserving energy in highway construction and main-
tenance is closely related to the objectives of comserving the supply
of high quality materials and reducing costs. Although the need to
minimize the use of energy may alter the priorities of research and
development programs, no radical change from present construction
practice or existing research programs is likely to occur.

2. The increasing national interest in utilizing industrial wastes is based
on conserving supplies of natural aggregates, conserving energy, aund
economically disposing of materials that might be harmful to the environ-
ment. The materials having the best potential for use in highways are
mining wastes and f£fly ash and bottom ash from coal burning plants.

3. In situ base and subbase stabilizaticn and utilization of local aggregates
have long been objectives of soils and foundation studies and are alreacy
practiced to a considerable extent by a number of states. Traditicmally,
the concern has been to reduce costs. The cost reduction results primarily
from comserving energy by reducing hauling distances. Stabilization with
by=-products (or waste materials) should be carefully evaluated since the
use of these matarials is also likely to conserve energy,
conserves natural rescurces bv reducing the Heraﬂd fcr new materials and

may avoid environmentally undesirable accumulaticns of waste.

w



4, The energy saved in recycling pavements is usually incidental to the
desire to reduce costs and the need to conserve supplies of high
guality aggregates or to avoid the accumulation of solid wastes,

5. Because the use of asphalt cutbacks wastes energy and also creates
pollution, continuing efforts are needed to minimize and eventually
phase out their use in highway construction and maintenance. Efforts to
improve emulsions and to develop improved construction techniques with
such materials should continue.

(8) T'"Energy Conservation in Department of Highways and
Transpcrtation Buildings", Woodrow J., Halstead and
Kenneth H. McGhee (VHTRC 79-R11) September 1978
This report reviews the policy of the Virginia Department of
Highways and Transportation toward energy comnservation in the operation
of its buildings and recommends further measures for conserving energy.

The major conclusions are:

1.

The established policy within the Department is to conserve
energy whenever possible, and top level administrators
support efforts to improve the energy-efficiency of all
Department buildings.

In the design of new buildings the Department utilizes
energy-conserving criteria promulgated by the State Division
of Buildings and Engineering. Individual designs are reviewed
by that Division only upon the request of the Department.

The program for upgrading the energy-efficiency of existing
buildings is informal to the extent that, in the case of
structures of lesser importance (area headquarters, etc.),
the initiation of action is largely left to local field
personnel who may not have the time for such planning. 1In
addition, no special funding has been made available state-
wide to accomplish needed improvements. As a consequence,
energy~conserving improvements often are coincidentsl to
general renovation projects.

Increased productivity of personnel as a result of increased
comfort levels may be a valid consideration when improvements
to buildings are contemplated.

Recommendations include specific measures which can be taken by
the Department at little or no cost or where payback within a relatively short
time (5 years or less) can be expected.

A

a

longer range program to upgrade the energy-efficiency of all

existing buildings, which would be based on a study of energy usage for
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various types of buildings and heating plants, is also recommended. Also,

the savings from the installation of energy-conserving measures in typical
buildings would be evaluated and considered in assigning pricrities for capirtal
improvements in other bduildings of similar types.

{7 3 ™. - S - T = A R
(7 NS 1n Transoceriation faciliti=ss
. - R Zrrrrem ~ - A =~ AN
o 1+ H B i
2ozin Russell (VHTRC 7S8==2270)

This report tresents the results of a survey of the literature
and other sources to determine the types of application that have been made
cf solar energy in the transportation field. The use of sclar energy for
,owerlng automatic traffic counters, variable message signs, railrcad cross-

ing signals, bridge or pavement deicing, cathodic pretection cf br dge decks, and
heating asphalt, as well as space and water, are all described. & list of
refersnces and a bibliography on solar energy are provided.

"

(8) "Opportunitiss Ior Energy Conservation in Transcer=zaticon
Planning and 3ystams Managemernt", Z. D. Arnold, Jr.
(VHTRC 78-R24) November 1978

This report is a summary, based primarily on a literature review,
cf the energy-savings potential of the elements in the transportation planning
process and systems management, Within the scope of long-range planning, the
energy aspects of land use and mode of transportation were investigated, where-
as for the short range the energy potential of the various transportaticn
systems management strategies were considered. The role of the Virginia
Deparctment of Highways and Transportation in energy-saving activities was also
considered. The report should be of value to transportation planners and
traffic engineers as an overview of the energy-use characteristics of
activities within transportation planning and systems management and as a
resource document for detailed energy analyses.

(8) MEnergy Conservation Alternatives in Roadway Lighting",
Marvin H. Hilton (VHTRC 8C-R8) July 1272

From a review of some of the possible methods of conserving energy
in the operation of roadway lighting, with due consideration being given to
traffic operations and safety under the current energvy scenaric, it was
concliuded that the most favorable conservation measure would be to replacs
the existing mercury vapor luminaires with the mors energy-efficient high
pressure sodium (HPS) luminaires. Replacement of the existing mercurv vapor
lighting systems could lead to a savings of up to 507 cf the power currently
being counsumed. Following a discussion of this conclusion by the Department
of Highways and Transportaticn's Specizl Roadway Lighting Advisory Committee,
it was decided to inventory all of the interstate lighting currentlvy in
operation and to estimate the savings that could be achieved through conversion

to HPS luminaires. The results of the inventorvy and analvsis indicated tha
the conversion of 4,732 interstate system luminaires :zould vield a present

<4
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worth savings to the Department of $1.2 million over the average remaining
service life of the various installations, assuming the use of the available
907% federal funding. It was further determined that it would take only

7 1/2 months for the Department to recoup its 107 investment and 9.9 years

to break even on the total investment. Based on these data, the recommendation
to convert all the interstate mercury vapor lighting to the HPS type was
approved by management. Currently, approximately 757 of the original inventory
is nearing the contract stage for conversion.

Other alternatives for conserving energy in existing roadway
lighting systems are discussed and placed in order of preference in the report.

The relative order of the altermatives discussed is as follows:

l. Convert existing mercury vapor lighting to the more energy-
efficient HPS lighting.

2. Provide for an efficient field management program that will
ensure adequate maintenance and reduce energy waste due to
malfunctioning lighting controls.

3. Install automatic energy control equipment to reduce power
consumption when full level illumination is not needed.

4, Activate the lighting only during the hours of darkness when
the heaviest traffic volumes are on the roadway.

5. Use partial lighting. It should be noted that the reference
' to partial lighting here pertains to the partial utilization
of the lighting on existing systems.

€. Deactivate the lighting on a seasonal basis when the hours
of daylight are the longest and where experience indicates
that accident rates would be the least affected. This
alternative would apply, in most cases, to continous free-
way lighting.

7. Turn the roadway lighting off entirely.

(10) "Continuous Illumination and Accidents on a Section cf
I-95", Marvin H. Hilton (VHTRC 79-K4) August 1978

Beginning with the oil embargo of 1973-74, highway lighting — and

particularly continuous lighting on freeways — became one of the first items

to be cut back to conserve energy and revenue. During this period of energy
shortage, considerable lighting was turned off in Virginia and in particular

the 13.8 km (8.57 mi) section of continucus lighting on I-95 between Springfield
and Washington, D. C. 3y comparing the accident rate ratios for the lights
turned off with thcse for the lights turned on it was found, in an earliier
study, that the lighting decreased the night zccident rate on this secticn of
I-95 during the three-month period studied. Subsequently, the lights were
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reactivated., The study reportad here extended the data to zover a six-month
perlod and used 2 more refined apprecach in the analysis.

For the period including December, January, and February, when
heavy traffic volumes are on the I-95 rcadway during the early hours of dark-
ness, the lighting was found to be par 1cula lv effective in recducing the
nignttime accident rate. Tor the March, April, and May period, when the hours
of daylight lengthen, the night accident rate was improved; tut the improve-
ment was not found to be significant at the 95% confidence level, due, most
likely, to the low number of accidents involved in the test. For the overall

i n period it was c01c7uded that the lighting reduced the night accident
his finding was significant at the 93% ccufidence level. Evaluation
of the night-to-day accident rate ratios on an unlit control section of I-95
substantiated this finding.

It was recommended that any plans for reducing energy consumption
by turning off entire sections of freeway lighting should be carefully considered
for possible adverse effects on the nighttime accident rate.

-]

(11) '"The Nebraska Gasohol Exrerience", Michael A,
Perfater (VHIRC 73-R34) February 1979
The political, social, and economic impacts of Nebraska's
program promoting the use of an ethanol-gasoline blend as a motor fuel were
examined and the literature on research and other activities relating to the
use of alcohol as a motor fuel, including records of the deliberations of the
National Gasohol Commission, were reviewed.

It was found that the objective of the 1972 Nebraska legislation
on the use of Gasohol as a motor fuel was to promote the sale of grain while
simultaneously helping reduce the United States' dependence on foreign oil.
Since that time much research into all aspects of the use of Gasohol, which
is defined as a blend of 10% ethyl alcohol (ethanol) and 907% unleaded gascline,
has been conducted throughout the Yidwest. While there appears to be little
debate over whether Gasohol will werk in a car's engine, there is a great
deal cf debate concerning the economics and energy balance involved in its
production and use. Most of the information now available on both issues is
theoretical. There is a widely held feeling that until a full-scale ethanol
plant is operating and producing in excess of 20 million gallons per vear,
answers to the economic and energy balance questions will aot be forthcoming.
There is widespread agreement that incentives, perhaps in the form of tax

reducticns, are needed to make Gasohcl competitive with unleaded gasoline.
The major oppoments of Gasohol ars the o0il companies. Most feel that the
Unitzd States is several years away from an economic conversion cf agricultura
products into fuel and ars thus concentrating on Iuel recovery from fossil

scurces such as shale 91¢, liguefied coal, and tar sands.

\D
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(12 "Tnvestigaticn of the Use cf Metha
3lends', Michzel M. Sprinkel (VHTR
1377
An 18-month field test was cenducted to determine if the Virginia
Department of Highways & Transportation should give serious comsideration to
the use of methancl as a substitute for gasoline in the operation of its motor
vehicles, Five of the eight 1973 and 1974 model vehicles involved in the test
were operated for a total of 92,000 miles on a fuel blend containing an
average of 10.7% methanol and 89.3% lead-free gasoline. The fuel was dispensed
from a commercial type gasoline blending pump by blending at the nozzle and
by pumping directly from a storage tank containing a specified blend of
methanol and gasoline.

The vehicles operating on the blend averaged 4.0% fewer miles
per gallon but were 1.3% more efficient from a miles/Btu standpoint than the
vehicles cperating on lead-free gasoline. Exhaust emissions data suggested
that emissions are more dependent on carburetor adjustments than on the per-
centage of methanol in the fuel., Driveability was impaired enough in two
of the vehicles operating on the blend to warrant carburetor modificatious
before the vehicles could be operated safely and satisfactorily because the
addition of methanol made the fuel-air mixture too lean for good engine
performance and because the methanol was incompatible with certain fuel system
parts. Since methanol and gasoline are not completely miscibile at all
temperatures and moisture conditions, a major effort was required to properly
store and dispense the desired blend. From a consideration of economic and
supply factors, it was concluded that the use of methanol-gasoline blends in
Department vehicles would not be justified at this time. Implementation would
require that special attention be directed to vehicular adjustments and to the
storage and handling of the blends.

(13) T"Recycled Portland Cement Concrete Pavements
of the Art Summary", Woodrcw J, Halstead (VETRC
September 1578
This report comstitutes a review of the literature concerning
recvecling of portland cement coacrate pavements by crushing the old pavement
and reusing the crushed material as aggregate in a number c¢f applicatioms. A
summary of the major projects conducted by state transportation departments
is included.

Crushed portland cement concrete is shown to have been success-
fully used in the following applications.

1. Graded-aggregate bases
2., Cement-treated bases

~

3. Asphalt base courses and pavements

10
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Portland cement concrete bases (econccrete) and pavements

w

. Source of supply for independent commercial operaticns
selling aggregate for a variety of applicaticns

In any given circumstances the cost and availability of new
aggregate and the cost of disposing of the old concrete play important roles
in establishing whether or not recycling is a desirable alternative. Con-
sequently, each project or the general situation for a given area must be
examined separately and the decision made on the basis of local conditioms.
Both dollar and energy costs must be considered.

WORKING PLANS (COMPLETED OR IN PREPARATICN)

1) '"Demonstration Project — A Solar Powered Traffic Ccunter",
Gerardo G. Clemefla.

2) "Energy Conservation and Money Savings Through the Use of Diesel-
Powered Vehicles", Gary L. Roberts.

3) "Energy Conservation in the VDHET's Large Buildings", Alan
C. Pritchard.

4) "Outlook for Vehicular Propulsion Systems'", Part I - Diesel
(#2 above) Part II - Electric, Marvin H. Hilton.

5) "Evaluation of an Auxiliary Solar Heater'", Cerardc G. ClemeDna.
6) "Determination of a Relationship Between Pavement Roughness and

Fuel Consumption for an Automobile", Kenneth H., McGhee.

7) "Study of VDHET Vehicles and Equipment Involved in the Use
of Gasohol", Michael M. Sprinkel.

8) "Potential for Utilizing Industrial Wastes and By-Products in
Construction of Transportation Facilities in Virginia',

-

Wocdrow J. Halstead.
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