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by 

Woodrow J. Ha!stead 
Research Consuitanr 

GE NE P•%L OBS=x•AilONS 

The V{rginia Highway and Transportation Research Council 
has an ongo'ng program Zo keep abreast o = matters involving the 
utilization and conservation of energy as they pertain to trans- 
nortat•on• faci•ties•_ As o._ October •79• =•3 renorts have been 
published and work is under way on 8 studies. Included herein 
are the t•t no umb rs, =es, re_ rz n e and sum•ar'es of •h published 
reports and a imsting of working plans by title and au•or for 
the ongoing studies. Copies of the reports and working plans 
not out of print are available without charge to city and county 
officials upon request. 

Wh'le ir is not possible to sum•narize 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 
fo<lowing general observations. 

!. Di.rect transportation energy the energy required to move 
people and goods--amounts to about one-fourth of the total 
energy used in the United Stares. Indirect transportation 
energy- that required to build and maintain transportation 
vehicles and facilities represents another 17%. 

9_. At the pres=nt. time a•mos ÷_ all of th=• direct transportat{on 
energy must come from petroleum- gasoline and d'esei fuel. 
Th•s amounts •o about 9 5 rail • • day •on barre•_s of o• a 
(about 400 million gallons). 

3. Conservation efforts leading to decreased average use of 
gasoline or diesel fuel per vehicle in the transportation 
fleet have a significant effect on national energy consumption, 
since even a very small reduction in the average use per 
vehicle is multipl'ed by !00-140 million, the number of 
vehicles. Decreased consumption can bes• be a•a'ned 
ncreased e•f c en•,.•y (mcre m •es• per ga=ion)• in Zhe onerat'on 

o; cars and trucks. reduct'on of miles travelled per vehicle 
through car nool n• o• t • 



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

4. Conservation efforts in highway construction and maintenance 
have a relatively small effect on total •ationa! consumption, 
but are very important from the standpoint of holding down 
costs in the face of rapidly increasing prices for energy. 

5. 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. 

6. 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. 

7. Other potential sources of fuel for transportation vehicles 
include !iquefaetion of coal, gasoline from shale oil, 
hydrogen, and electricity. All of these may eventually 
provide part of the solution of the problem of replacing 
gasoline from petroi•um• 

, 
but none of them are likely to be 

developed sufficiently to provide a significant reduction 
i •. the u•e• o•_ gaso•ine• or diesel fuel from petroleum, before 
the next decade and more probably not until after the 
year 2000. 

8. 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. 

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



For s•= •- -'" <•c icns n urban areas 
sod'urn i'gh-s may be unaccepzabie. 

mid-caoac'Tv rang= -•ucbs (=.g a 5 vd= dump "'•uc>s) "• 

eu cz caso!ine eng:n=s wou=d b= more ene:•gv =r:mci-=•.z and 

12. 3i ",•n__{•icanT savings "n _,=uei costs and "ncreased comfort to 
wo.k•rs can be at•ainec by proper insu!azion oz bui!cmngs. 
Better regulation of thermostats principally turning off 
heaT. and air cond{tionin=_ 

= 
when not ne=ded_ provides an 

=or additional sav{ngs. opportunmry 

oUMMARY OF REPORTS R•. • •_ ••.j.TNG TO ENnRGY PUBLISHED 
BY THE RESEARCH COUNCIL 

._) "mhe 0u•look for m•ansportation Energy A_u •.verview 
and Summary oe Conservation •!ans in Virginia '' 

Woodrow J. Hals•ead (•,•R •,,.• 
,• 

78-RiV,) January _•.978 

This report gives a preliminary evaluation of some of the factors 
involved im transportation energy and the potential effect of expected changes 
in the energy situation on the programs and the operations of the Virginia 
Depar•en• of Highways and Transportation. The objective is to provide a 
general understanding of the broad aspects of the energy problem and to make 
•he Department's administrators and others aware of the ongoing efforts 
directed a• the problem by the Research Council. 

The program outlined includes studies of -.he energy conservation 
opportuni<ies in four general areas- 

!. Highway construction and maintenance 

2. Highway operations (transportation piann'•:L..o and svstams 
management) 

3. Highway iigh ring 

Operation of highway d=• ,-•e• f {'• .... ar t ac_ ,•ties 



(2) "Some •nergy Alternatives", Woodrow J. Hais •ead 
it. .r (ar•.•c•e publ•sned •n Bu•_e• of •he V• gin•a De,am" 

ment or Highways and Transpor•at on, o! 
}[ovembe De•ember • •77) 

This article discusses, in general te•s, the potential and the 
major probl•s in the larze-sca!e production of a n•ber of systems suzzes:ad 
as aite•atives to gasoline powered vehicles. Systems discussed include 
(a) zasoiine from coal; (b) gasoline from shale oil; (c) •ethanol as a fuel for 
inta•al combustion engines; (d) electrically powered vehicles; and 
(e) hydrogen. It was conel•ded that all of these syst•s could be developed 
even•ually as substitutes for some petrole• fuel now used but no single 
one is likely to be adequate as an only alte•a•ive. It was also concluded 
•hat significant contributions from these .sources would not occur prior to the 
1990's and possibly no• before the year 2000. 

(3) "Energy Use and Conservation in Highway Construction 
and Maintenance" Woodrow J Ha!s•ead (VHTRC 79 Ril) 
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 conserving high quality materials 
and reducing costs. For overall energy efficiency, the best possible con- 
struction and maintenance procedures consistent with budgetary limitations 
and availability of materials are considered desirable. 

Major conclusions are; 

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

2. Energy considerations should be a factor in planning and 
conducting research in aii technological areas. 

3. The best potentials for conserving energy in construction are 
increased use of mineral wasces and local materials; increased 
recycling for both asphalt and concrete pavements; and sub- 
sti•ution of emulsions for cutback asphalts. 

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

('4) "0pporruniries for Conservinz Energy in Aspha!z Pavinz 
Processes" Woodrow J Ha!s:=ad •'VE•RC 7•-•_• 9) 0ctobe 
1978 
This report discusses •he noten•ia •. for =_ne•gy conse•a•ion in a 

n.umber of activities related to the use o # asphalt materials in highway con- 
struction. It is pointed out that not only should the to•al energy be 



considered,, but also th=_ •atego•v_ 
•. 

of the energv• involved. The catego•ies• 
r•) construction suzgested are (I) embodied energy, (o) transport energy, <• 

energy, and (4) indirect energy. Transport energy and cons truc ." ion enerzy 
have a major direct impact on highway centr•_ctors, since such energy •onsists 

prim•arily of the fuel •o operate hauling and construction equipment. The in- 
direct and embcdied energy categories are important from a national viewpoint, 
but with respect to high•ay construction are of concern only to the extent 

that they affect the cos= and availability of materials. 

Included are discussions of asphalt supply and costs; effects of 
substituting emulsions for cutbacks; the potential for energy conservation 
with dru_• mixing plants; energy saving through the use of asphalt stabilized 

aggregates; and energy considerations in recycling as•hait pavements. 

(5) "Energy Concerns Rela•'ng •_o Highway Construction and 
,•ainrenanc •'' Wcodrow J •-a!s•ead (""• ,•n:RC-RPil) Xarch 
1979 
This paper presents a broad ove.•-vi=o.• of energy concern, s relating 

•o highway construction and maintenance. It combines pertinent information 
from published Virginia reports (VHTRC 78-R17, VHTRC 79-R.I•, VETRC 79-R!9) 
as well as information from a report prepared for the Federal Highway 
Administration by the Texas Transportation Institute entitled "Ideas for 
Enerzy and Materials Conservation in Highway Construction" (•A-TS-78-237). 
The conclusions are surmnarized as follows" 

i. The objective of conserving energy in highway construction and main- 
tenance is closely related to the objectives of conserving the supply 
of high quality materials and reducing costs. •4.1though 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 interes• in utilizing industrial wastes is based 
on conserving supplies of natural aggregates, conserving energv• and 
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 fly ash and bottom ash from coal burning plants. 

3. In situ base and subbase s:abi!ization and u:ilization of local aggrezates 
have long been objec=ives of soils and foundation studies and are already 
practiced to a considerable extent by a number of states. Traditionally, 
the concern has been to reduce costs. The cost reduction results •rimari!v 
from conserving energy by reducing hau!inz distances. Stabilization "•ith 
by-products (or waste materials) should be carefully evaluated since the 
use of these materials is also likely to conserve energy. Their use 

conserves na•ura! resources by reducing the demand fcr new ma•eria!s and 
may avoid enviro•nent • -; •ations o• waste. a•_y undesirable acc,,mu 



4. The energy saved in recycling pavements is usually incidental to the 
desire to reduce costs and the need to conserve supplies of high 
quality a•gre•ates 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. 

(6) "Energy Conservation in Department of Highways and 
Transpor•.ati•n• Buildings"_ Woodrow J. Ha!stead and 
Kenneth H. McGhee (VHTRC 79-R!I) Sen•ember 197• 
This report reviews the policy of the Virginia Department of 

Hic=hways and Transportation toward energy conservation in the operation 
of its buildings and recommends further measures for conserving energy. 

The major conclusions are" 

i. The established poli•_y within the Department is to conserve 

energy whenever possible, and top level administrators 
support efforts to improve the energy-efficiency of all 
Department buildings.. 

2. 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. 

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

4. 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 reia=ively short 
=ime (5 years or less) can be expected. 

A longer range program to upgrade the energy-efficiency of all 
existing buildings, which would be based on a studv• o•_ en=•v•.=• ,•sa•=• •or 



•s also recommended Also, various •ypes of buildings and b.ea•ing plants, 
the savings from the installation of energy-conser-#ing measures in typical 
buildings :•ouid be eva!uaned and considered in assigning priorities for capinal 
improvements in other bu-'• •e. ings of simiiar •ypes. 

•s report presents the results of a su•ey of the literature 
and o•her sources co dete•ine the types of application that have been made 
of solar energy in the Cranspornation field. 7he use of solar energy for 
aow•ri:g automat • "raf•ic •ounters, 

_• 
variable message s•n: ra •l•¢ad •oss- 

ing signals, bridge or pavement deicing, cathodic protection of bridBe decks, and 
heating asphalt, as well as space and water, are a£! described. A list of 
references .and a bibliography on solar energy are provided. 

(8) :'Oppor:uni:ies for Ener=•y Conserva:'on 'n Transpcr 
=:arming. ::d •ystems Manageme•.t" 

,.:.•RC 7g-R2•) •:ovembe. :978 
This report is a s•a•, based primarily on a literature review, 

of the energy-savings potential of the el•ents in the tr:nsportation planning 
process and syst•s management. Within the scope of long-range planning, the 
energy aspects of land use and mode of transportacion were investigated, where- 
as for the short range the energy potential of the various transportation 
sys•s management strategies were considered. •e role of che Virginia 
Department of Highways and Transportation in energy-saving activities was also 
considered. The report should be of value to transportation planners and 
craffic engineers as an ove•iew of the energy-use characteristics of 
activities within transport-ation planning and syst•s management and as a 

resource doc:ent for detailed energy analyses. 

(9) "Energy Conservation Al•ernat,, "yes "n :,Roadway :. •ghtinc'' 

From a review of some of the possible me•hods of conse•ing, energy 
in the operation of roadway lighting, with due consideration being given co 
traffic operations and safety under the current energy scenario, it was 
•onciuded that the most •avorable conservation measure would be to replace 
the existing mercury vapor !•inaires with the more energy-efficien• high 
pressure sodi• (HPS) l•inaires. Replac•ent o = •he existing mercur7 vapor 
!ightin• systems could •ead •o a savings of up •o 50 =' = 

,• o• the power currently 
being cons•ed. Following a discussion of this conclusion by the Department 
of •'=• ahways•.o •d •ansDort=tion's• Special Roadway Liahting= Advisory. Co•ittee, 
it was decided to inventory all of the interstate lighting currently in 
operation and to estimate the savings chat could be achieved through conversion 

• = •h e• and •'- to HPS !•inaires. •ne results o e _nv ..tory an=•.sis• indicate• that 
the. conversion of_ 4,7•2 int=rsca•e_ svstem• !umina•res_ zou!d yiel •,. a •resen•• 



worth savings to the Departmen• of $1.2 million over the average remaining 
service life of the various installations, assuming •he use of the available 
90% federal funding. It was further de,ermined that i• would take only 
7 1/2 months for the Departmen• to recoup i•s 10% investment and 9.9 years 
to break even on •he •otal investment. Based on these dana, the recommendation 
to convert all the interstate mercury vapor lighting to the HPS type was 
approved by management. Currently, approximately 75% of the original inventory 
is nearing the ¢ontrac• s•age 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 alternatives discussed is as follows- 

i. 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. Act±va=e 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 
•o partial lighting here pertains to •he par•±al utilimation 
of the lighting on existing systems. 

6. Deactivate the lighting on a seasonal basis when the hours 
of daylight are the longest and where experience indicates 
,.ha= accident rates would be the least affected. This 

•o ¢ontinous free- aiterna•.ive would apply, in most cases, 
way lighting. 

7. Turn =he roadway lighting off entirely. 

(I0) "Continuous 
• 
•!lumina•ion and Accidents on a Section of 

_T-95" 
, 

Marvin H. Hil•on (VHTRC 79-R•), Augus• _1978 
Beginning with •he oil embargo of 1973-74, highway lighting and 

particularly continuous lighting on freeways became one of the firs= 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 particuiar 
the 13.8 km (8.57 mi) section of continuous lighting on 1-95 between Springfield 
and Washington, D. C. By comparing the accident rate ratios for the lights 

=• in an earlier turned off with those for the lights turned on it was •und, 
study, that the lighting decreased "he night accident rate on •his section of 
1-95 during the three-month period studied. Subsequently, •he !ighns •ere 



reactivated. The study reported here extended the data to cover a six-month 
period and used •_ more refined approach in the analysis. 

For the period including De•ember, January, and February- when 
heavy traffic voi1•_mes are on the 1-95 roadway during the early hours of dark- 

ness, the lighting was found to be particularly effective in reducing the 
nigh•ime accident rate. =or• the March, Apr• •_., and •av• period, when the hours 
of daylight lengthen, the night accident rate was improved; hut the improve- 
ment was not found to be significant at the 95% confidence level, due, most 
like!y,, to the low number of a•'dents.•m involved in the test. For the overall 
six-month period it was concluded that the iigh•ing reduced the night accident 
rate. This finding was significant at the 95% confidence level. Evaluation 
of the night-to-day accident rate ratios on an unlit control section of 1-95 
substantiated this finding. 

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

 • 
,_= 

The Nebrask= Gasoho! Ex•e•ie•ce" •chae: A. 
P=rfater (V =• •RC 79-R3•) •ebruary •97• 

The political, social, and economic •pacts of Nebraska's 
progr• promoting the use of an ethanol-gasoline blend as a motor fuel were 

ex•ined 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 Co•ission, were reviewed. 

it was found that the objective of the 1972 Nebraska legislation 
on the use of Gasoho! 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 Gasoho!, which 
is defined as a blend of 10% ethyl alcohol (ethanol) and 90% unleaded gasoline, 
has been conducted throughout the Midwest. W•h..e there appears to be little 
debate over whether Gasoho! will work in a car's engine, there is a great 
deal of 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 
•lant• is operat{ng_ and producing in excess of _°0 million__ ==allons 9or. _year,•_ 
answers to the_ economic and energy balance questions will not be forthcom•_o'•. 
There is widespread agreement that incentives, perhaps in the form of •a_x 
reductions, are needed to make Gasoho! competitive with unleaded gasoline. 
The major opponents of Gasohol are the oil companies. Most feel that the 
United S t=.tes is saverai years away from an economic conversion of azricultura! 
products into fuel and are thus concentrating on fuel-ecoverF from fossil 
sources such as shale oil, liquefied coal, and tar sands. 



•._o_) ,, •n,:e sT .get{on_ of :he Use o 

•.... SpP ke_ 

An !8-month field test was conducted to determine if the V±reinia 
Department of Eizhways & Transportation should give serious consideration to 
the use of methancl as a subs:±tute for Zasoline in the operation of i•s motor 

vehicles. Five of the eight 1973 and 1974 model vehicles involved in •he test 

were operated for a total of 92,000 miles on a fuel blend con•ainin• an 

average of i0.TZ methanol and 89.3Z lead-free Zasoline. The fuel was dispensed 
from a commercial type •asoline blendin Z pump by blendin8 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 operating 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. Driveabi!ity was impaired enough in two 
of the vehicles operating on the blend to warrant carburetor modifications 
before the vehicles could be operated safely and satisfactorily because the 
add±•±on of methanol made the fuel-air mixture too lean for good engine 
performance and because the methanol was incompatible with certain fuel system 
par•s. 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 •hat 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. 

Stare (13) "Recycled Po• •land Cement Concrete Pavement• 
• RI•) of "•:• •t Sum•marv". Woodrow J. He'stead. (VHTxC 
•,.•- 

September !979 
This repor• constitutes a review of the literature concerning 

recycling of portland cement concrete pavements by crushing the old pavemenn 
and reusing the crushed material as aggregate in a number of applications. A 

summary of the major projects conducted by state transportation departments 
is included. 

Cz-ashed portland cemen• concrete is shown to have been success- 

fully used in the following applications. 

i. Graded-aggregate bases 

2. Cement-treated bases 

Asphalt base courses and pavements 

i0 



4. Portland cement concrete bases (econocrete) and pavements 

5. Source of supply for independent commercial operations 
selling aggregate for a variety of appiicaticns 

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 conditions. 
Both dollar and energy costs must be considered. 

WORKING PLANS (C0••PLE<ED:: OR I •':• PREPAP@•'!0N)• 

i) "Demons*•at{on m•oject A So•ar •ower=d •affic Counte•" 
•er do G. Cieme•a 

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

3) "Energy Conservation in the VDH&T's Large Bu{__]dings", A]_an 
C. Pritchard. 

4) "Outlook _eor Vehicular Propuls{on_ Systems", Part i- Diesel 
(#2 above) Part I• Electric, Marvin H. Hil•con. 

5) "<valuation of an Auxiliary Solar Heat ='•'' a=rardo G Cieme•a• 

6) "Determination of a Relationship Between Pavement Roughness and 
Fuel Consumpt'on for an Automobile" Kenneth H •cGhe= 

7) "Study of VDH&T Vehicles and Equipment involved in the Use 
" Wichael M Sprinkel or Gasoho! 

8) "Potent{ai for Utilizing •ndustr{al Wa<tes and By P•oducts in 
Construction of Transportation Faci•it •es in Virginia" 
Woodrow j. Ha!stead. 




