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Energy Impacts of Transportation System Improvements 

ERIC ZIERING, JOY L. BENHAM, TIMOTHY TARDIFF, AND DANIEL BRAND 

A quick·rosponse mothodology tor esti maling the energy lmpocts of transpor· 
mtlon system capital ond oporationol Improvements is prc.sonted. The method 
considers both energy consumed by vehiclos ond unergy consumod in tho con· 
struction and maintenance of facilities. Unlike many earlier energy impact 
s1l mn1 ion procedures, this methodology eMplicitly considers induced nnd di-

vcrt.cd travel resul1lng from a trnnsportation improvement and tho ctfec1 of 
this travel on th level of service of tr~nsportetion faoilities. Application of the 
manual methodology takes less than 4 h and uses readily available data. The re
sults are very semltive to baseline operating conditions on the faci!ltle.s1hat 
arc affected by an Improvement. Thu methodology wns applied to 20 snmplo 
proiccts end produced rosul!S that worn frequently counterlntuit vo. Highway 
expansion and new conltruction sometimes resul 't In Increased energy consum11 
tion ho th because vehicle fuel economy gonota lly decreas•s at spoeds 11bovo 35 
mph a nd because of the energy consumed by Induced trovol. However, because 
the fuol consumption of congested trav•I is extremely high, projects that olimi· 
nate sto1>-and·90 conditions frequently reduce oncrgy con~umpllon in spite of 
induced travel and in spite of 1he energy consumed in consiruoting and main· 
taining the expanded facility. Ramp metering and traffic signal improvements 
are generally effective in reducing energy consumption. 

This paper describes quick-response methods for 
evaluating the energy impacts of transportation 
projects. The procedures were developed for the 
California Energy Commission (CEC) to evaluate proj
ects considered for inclusion in the California 
State Transportation Improvement Program (STIP). 
The STIP is a five-year programming document that 
sets pdorities for the allocation of state trans
portation funds among candidate projects. The STIP 
is reviewed and updated on an annual basis by the 
California Transpo.rtation Commission (CTC). The 
annual update is based on recommendations provided 
by the state and regional offices of the California 
Department of Transportat.1on (Caltrans) and by re
gional planning agencies. Project rankings are 
based on a wide var ie.ty of technical and nontech
nical factors, including project cost, expected 
benefits {e.g., reduced delay or congest ion, reduced 
travel time, improved facility use, and improved 
safety) , and equity (frequently based on the distr i
bution of highly tanked projects by political juris
diction and/or geographic location). 

One benefit that is frequently stressed by proj
ect proponents is the potential reduction in energy 
consumption that will result from a proposed proj
ect. For the most part, these benefits are not 
rigorously justified. The energy impact assessment 
method described in this paper consists of an incre
mental, elasticity-based set of models that enables 
a technician or transportation planner to determine 
the net change in energy consumption that will occur 
as a result of a candidate STIP project. 

The development of the energy impact estimation 
procedures was the product of a joint agreement be
tween Caltrans and the CEC. This cooperative ven
ture is intended to increase the ability of Caltrans 
and the CEC to respond to the energy concerns repre
sented by the CEC. The estimation procedures were 
developed to conform to several important specifica
tions: 

1. The method is quick response so that a large 
number of projects can be evaluated; a typical proj
ect analysis takes from 2 to 4 h to complete. 

2. The procedures make extensive use of standard 
existing project data so1.1rces . This ensures !:hat 
projects can be a nalyzed quickly and facilitates 
comparisons between projects because the vaz:iability 
that might result from incompatible data sources is 
eliminated. 

3. The procedures handle a wide range of ·project 
types, from extensive new freeway construction to 
TSM pricing or marketing strateg ies. Both transit 
and highway projects can be analyzed. The proce
dures can also be used to estimate the impacts of 
various combinations of project types [e.g., express 
bus service on a new reserved high-occupancy-vehicle 
(HOV) lane]. This is critical because only rarely 
is a project implemented in total isolation from 
other transportation system changes. 

SOURCES OF ENERGY CONSUMPTION 

The energy impact assessment procedures calculate 
the effect of a proposed project on the following 
three broad areas of energy consumption: 

1. Energy consumed by moving vehicles; 
2. Energy consumed in the construction or imple

mentation of a facility or project; and 
3. Additional energy consumed in the yearly 

maintenance of an improved or expanded facility. 

Simplified procedures for estimat i ng the second 
and third areas of energy impacts have been devel
oped by Apostolos, Shoemaker , and Shirley <.!l. How
ever, quick-response procedures for calculating the 
first category of energy consumption {vehicle energy 
impacts) have been inadequate for the reasons de
scribed below. 

When a project is implemen ted , there are three 
sources of change in vehicle energy consumption: 

1. Vehir.les currently traveling on the facility 
or facilities to be improved may experience changes 
in their speed and traffic-flow characteristics. 
Usually, tra vel speeds will be increased, delays and 
idling time will be reduced, and/or congested stop
and-go traffic will be relieved. These changes will 
affect the energy consumption characteristics of the 
vehicles themselves. 

2. An improvement on one facility may divert 
traffic from other facilities of the same mode. A 
new highway bypass will attract vehicles from an 
existing arterial; a new transit route may draw 
patronage away from other routes that have similar 
service areas. Because the level-of-service charac
teristics {e.g., travel speed) of the competing 
routes may be different, this diverted travel can 
result in a change in energy consumption. 

3. A transportation improvement may induce new 
travel. These new trips represent entirely new 
travel generated as a result of increased accessi
bility between eoints served by the improved facil
ity. These new trips consume additional energy and 
therefore affect total energy consumption. 

Several earlier procedures for estimating energy 
impacts {l,~l deal with the first of these three 
sources of change in vehicle energy consumption. 
These other methods do not, however, consider the 
level of induced and diverted travel and the impact 
of this travel on the level of service of affected 
facilities. The procedures described here explic
itly calculate these impacts. Trips diverted away 
from a particular facility or mode result in a net 
energy savings for this facility or mode; trips in
duced on or diverted to a facility incur energy 
costs on that facility. Equilibration is performed 
on all affected facilities to account for supply and 
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demand interaction to ensure the accuracy of the 
results. 

OVERVIEW OF METHOD 

A simplified view of the structure of the method is 
shown schematically in Figui:e 1. The first step is 
to identify those trips that will be affected by a 
given improvement . These trips may be on one or 
more highway facilities and on one or several tran
sit routes. In this critical step of the process, 
the analyst must exercise careful judgment to iden
tify facilities that may be in competition with the 
facility that is being improved. 

Current-year affected travel is then factored to 
the future planning year to account for long-term 
changes in population and vehicle operating cost. 
Then, the future baseline level of service, travel 
time, and energy consumption are calculated for the 
affected trips on the network without the given im
provement (the STIP project) • 

At this point in the process, the impact of the 
S'l'IP p rojeot on the level of service that is pro
vided to affected trips is calculated. By comparing 
the baseline and "build" travel times and applying 
the appropriate diversion factors and elasticities , 
diverted travel and induced travel are computed . 
However , t.he change in traffic volume may signifi
cantly affect travel timei if so, iteration takes 
place until travel time and traffic volume reach 
equilibrium. 

The energy consumed by moving vehicles is then 
estimated (based on the new traffic volumes, vehicle 
speeds, and flow characteristics) and combined with 
construction energy estimates to yield the total 

Figure 1. Overview of energy impact assessment method . 
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energy impact for the project. One early finding of 
this study was that the energy consumed in the main
tenance of a new or improved facility is negligible 
compared with vehicle and construction energy. For 
this reason, it has been omitted from the analyses 
reported here. 

MODEL OUTPUT 

The new impact estimation procedure forecasts the 
change in enei:gy consumption in a given target year 
that results from the construction or implementation 
of the STIP project . The tarqet year may be any 
year desired by the analyst (e . g . , the year of proj
ect construct ion or 20 years after construction) • 
Two sets of energy estimates are produced. The 
first is a baseline or no-build forecast of the 
energy consumed in the target year on the "affected" 
facilities in the existing network (this is not 
usually the same as the current-year energy consump
tion due to changes in population and automobile 
technology over time}. The second is a "build" 
forecast of energy consumed in the same target year 
with the added improvement in the transportation 
infrastructure . Therefore, the two estimates are 
not before-and-after estimates but rather with-and
without estimates . 

Life-cycle energy impacts can also be calculated 
by using the impact procedures and simply calculat
ing the ene·rgy impacts at several time pedods in 
the lif.e span of the project and interpolating for 
intermediate years. Though the change in energy 
consumption may be somewhat nonlinear over time, by 
selecting several time points the total change in 
energy consumption can be calculated quite accu-
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rately. Note that, when calculating l:i.fe-cycle 
energy impacts, the analyst may want to discount 
energy flows over time (jus t as an ecu11omist dis
counts future costs and r e venues i n evaluating major 
investments) . Discounting of energy flows is appro
priate in considering the "value" or economic worth 
of energy consumed rather than simply the amount of 
energy used. 

Note that, because the model treats individual 
trips as the behavioral unit of travel, it estimates 
the total energy consumed by these trips, including 
those portions of trips that take place both on and 
off the affected facilities. It does not produce 
estimates of total energy consumed on the new or 
improved facility (or facilities) or on specific 
segments of facilities. 

'fhe construction ene·rgy impact estimates apply to 
the complete STIP project . These cannot be directly 
compared with the vehicle energy impacts because 
vehicle impacts are calculated for a given year. Sy 
dividing total construction energy by the project 
life, an undiscounted estimate of annual construc
t ion energy can be developed and compared with vehi
cle energy impacts. 

VARIABLES ENTERING INTO IMPACT ASSESSMENT PROCEDURES 

The impact assessment procedures are sensitive to a 
wide variety of variables . This section of the 
paper briefly describes these variables and how they 
are accounted for in the models. A ful,l discussion 
of the structure of the models and detailed descrip
tions of the model equations are given elsewhere (9). 

Estimates of fuel consumption are based heavily 
on previous work by Apostolos, Shoemaker, and 
Shirley (_!); Tardiff, Benham , and Greene (3); and 
Claffey <il. These estimates are sensitive -to the 
following variables: 

1. The vehicle mix on the facility (automobiles, 
buses, and trucks) : 

2. Long-term changes in automobile and truck 
fleet fuel economy; 

3. Average vehicle operating speed under both 
congested and uneongested conditions , both on and 
off the facility; 

4. The incidence and effect of stop-and-go traf
fic conditions: and 

5. Energy consumed during delays at signals and 
metered ramps. 

Estimates of highway capacity and speed are based 
on methods outlined in the 1965 Highway Capacity 
Manual (2) and updated in Transportation Research 
Circular 212 ( 6) . 'rhese methods are used heavily by 
Cal trans in the calculation of various performance 
indexes (2,.!!_l. Highway capacity and speed are a 
function of the following variables: 

1. Facility size and type; 
2. Design speed; 
3. Grades, geometrics, and sight-distance re

strictions (for two-lane roads); 
4. Vehicle mix (automobiles versus trucks): and 
5. Effects of traffic signals. 

'l'he fuel efficiency of vehicles declines dramat
ically as volume exceeds capacity (i.e., congestion 
occurs) and average speeds decline precipitously. 
Fuel efficiency also declines rapidly as vehicle 
speeds exceed 30 mph for automobi es and diesel 
trucks and 35 mph for gasoline trucks (see Figure 
2). Congestion , however, occurs only during certain 

imes of the day. The impact estimation procedures, 
using empirical data from the Los Angeles area, 
calculate the percentage of traffic that experiences 
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congestion on the basis of the r e lation shown in 
Figure 3. This allows the separate calculations of 
travel cpceds and fuel ec".'ln<'my An<'! consumption dur
ing the "congested" and "uncongested" por::tions of 
the day, e nsuring sensitivity to the markedly dif
ferent vehicle performance and energy consumption 
characteristics of these two periods. 

Long-term changes in population are accounted for 
by factoring current-year travel to the baseline 
year by using county or smaller-area population 
forecasts. County-by-county· data on average trip 
length are also used. Similarly, the effects of 
long-term changes in automobile operating cost are 
included by applying the appropriate direct and 
cross elasticities of automobile and transit travel 
with respect to automobile operating cost. (Elas
ticities used in the initial application of the 
method in California are given in Table 1, which was 
developed by Charles River Associates.) 

As discussed ear lier, the imEJact estimation pro
cedure incorporates induced and diverted travel. 
Induced travel is calculated by using travel- time 
direct and cross elasticities (Table l) , whereas 
diverted tC"avel is calculated by using travel-time
based proportional assignment . The level of induced 
travel is, of course, based on the change in total 
trip travel time rather than on the tc-avel time on 
some segment of a trip. Trips are divided into 
on- and off-facility portions . Off-facility speeds 
are based on existing speeds for urban and rural 
local traffic. Default values can be used for these 
speeds with minimal loss of accuracy in the typical 
case when detailed speed data are not available. 
Differences between urban and rural areas are also 
accounted for through the use of larger rural 
operating-cost and travel-time elasticities (Table 
1) and the longer average trip lengths generally 
observed for rural areas. 

Changes in transit travel are sensitive to a 
variety of variables, includ Ing changes in automo
bile operating cost and travel time . Induced tran
sit trav l results from project-related changes in 
transit travel time and wait time. The energy con
sumption of the automobile leg of park-and-ride 
trips is included explicitly (including cold-start 
factors for automobile fuel economy). In addition, 
when modal shifts occur between automobile a nd tran-
sit, average automobile occupancy 
to equate transit average daily 
automobile ADT. 

IMPACT ESTIMATION WORKSHEETS 

factors are 
passengers 

used 
with 

Fifteen different worksheets are available for use 
in the manual i mpact estimation procedur . Some of 
these worksheets (input data, travel time estima
tion, and project summary sheets) are filled out, at 
least in part, for all types of projects. Others 
are used only for specific types of projects . The 
complete set of available worksheets is described in 
detail elsewhere <1> • The worksheets guide the 
technician or analyst step by step through the im
pact estimation process. Inter.mediate calculations 
and results are accessible, so that the sources of 
changes in energy consumption can be identified and 
discussed. Therefore, the methodology is highly 
transparent and user oriented. The analyst can also 
input special knowledge he or she may have concern
ing the project or its impact area by entering 
travel speeds, traffic volumes , or other known vari
ables. ln addition , the analyst can repeat the im
pact estimation procedure by using different esti
mates of selected input parameters to measure the 
sensitivity of the results. 
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RESULTS: ENERGY IMPACTS OF SELECTED PROJECTS 

The energy impacts of 20 proposed STIP projects were 
calcula t ed f o r the target yea r of 1999. They in
cluded a wide range of project types, i ncluding 
major and mi nor h i ghway improvements, trans i t ser
vice changes, bicycle zone construction, new free
ways, HOV lanes, and ramp metering. This section 
presents and discusses the results of four repre
sentative project analyses. 

Figure 2. Fuel consumed at constant speeds by automobiles and tractor· 
semitrailer trucks. 
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Figure 3. Percentage of ADT experiencing congestion. 

PERCENT OF AVERAGE DAILY 
TRAFFIC EXPERIENCING CONGESTION 

80 -----~, 

\ 
70 \ 

\ 
\ 

60 

50 

40 

30 

20 -

10 

\ 
\ 

\ 
\ 

\ 
\ 
\ 

\ 
\ 

\ 

\,, 
', ............ 

............... 

70 

.34 

.32 

.30 

.28 

.26 

.24 

.22 

.20 

.18 

.16 

,14 

. 12 

. 10 

-.... _ 
.o~-----~,----....------..-----r-'"'----.,_., 

0.03 0.04 0.05 0,06 D.o7 

HOURLY CAPACIT Y IONE·IVAY) 
AVERAGE DAi l Y TRAFF IC 

13 

US- 101 , Ve nt ura. County 

Alternative 1 

US-101 in Ventura County is currently a congested 
four-lane freeway. Under alternative 1, an 18.9-
mile segment of the facility is expanded to six 
lanes, all of which are open to general traffic at 
all times of the day. 

The data given in Table 2 show that a significant 
decrease (9.2 percent) in vehicle energy consumption 
results from the proposed project. Because the 
project reduces congestion, the average trip travel 
time of affected trips is reduced by 2.2 min (this 
is the travel time both on and off the freeway for 
those trips using the improved section). This re
sults in an induced travel of 5.8 percent of the 
private-vehicle vehicle miles of travel (VMT) in the 
target year (1999). However, because the travel 
speed on the currently congested facility is in
creased to free-flow conditions, average fuel 
economy improves (Figure 2). There f ore , in spite of 
sign ificant induced travel, total veh~cle energy 
consumption decreases as a result of this particular 
project. The construction energy impacts of the 
project are insignificant compared with the energy 
consumption of private vehicles. 

Alternative 2 

Alternative 2 involves the same basic construction 
as the preceding project, but the six- lane facility 
will be operated with a reserved with- flow HOV lane 
and r amp metering during c ongest e d periods in both 
directions. Meters are located at all entrance 
ramps, and ramp bypasses are provided for HOVs. 

The results of the energy impact analysis indi
cate that a smaller r educ tion i n vehicle e ne rgy con
sumption results from this proj ect alte rnati ve (see 
Table 3). Energy consumed by moving vehic les is 
reduced by 4.0 percent, and 10.0 percent of the 
absolute amount of this savings is offset by the 
energy consumed by vehicles idling at the metered 
ramps. 

The reduction in vehicle fuel consumption results 
once ag a in from the improved fuel economy of for
merly c onge sted traffic that now ope rates under less 
congested conditions as a r esu lt of ramp metering. 
Aver age trip trave l times decrease slight ly ; the 
increas ed f r eeway s peed in t his c a se i s pa r tly off
set by t he delays e xperienced a t the mete r.ea r amps. 
Induced travel of 3. 3 perc e n t results f r om this 

Table 1. Travel demand elasticities. 

Type 

ADT direct elasticity with respect to 
Automobile operating cost 
Automobile travel ti me 

Daily tran sit passengers direct elasticity with respect to 
Bus travel time 
Bus wait timct.1 

<5 min 
;;;i. S min 

Daily transit p;1ss•ngurs cross elasticity with respect to 
Aut mobile opcru l ing_ cost 
Automobile travel lime 

Note: AOT ==average clnily trnfric. 

Elosticity 

Urban Rural 
Site Site 

-0 .35 -0.50 
-0.40 -0.68 

-0 .25 NA 
NA 

-0.13 
-0.20 

+0.15 NA 
+0.08 NA 

3
11 1$ P:tSumc:d OHU nvoraric wail linto is equal to h11Jr the hcrndw21y for Ir.on.s h hcadw:.y of 
< JO mtn. 1-·or lr>n'°'c' hcaidway:i:, the ~111slici t )' vulu.:i proviJtd here w11.s dtir\V4Jd frorn a 
bu.t frcttUllOC')I C:1Dil ic:fO' or +0.20. h '$ exrretti.!d ~ :1 wail-limo ~li1 11Ch)' tmly hJ (Qcili
ln l ~ th i; u.ie of lhe JO:tunlltu ·diud work!heets fm all ranges o r bu1 hi:Blhv11)'i. 
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Table 2. Energy impact summary results : US-101, Ventura County, 
alternative 1. 

Post 
Item Baseline Project 

Private-vehicle VMT per day (000 OOOs) 2.74 2.90 
Private-vehicle ruel economy (miles/gal) 22 .6 26.3 
Average trip time (min) 16.65 14.45 
Energy consumed (I 0 12Btu) 

Moving vehicles 5.54 5.03 
Idling vehicles 0 0 

Change 
(%) 

+5.8 
+l 6.4 
-13.2 

-9.2 

Note: Total project constru lion energy = I .OOx l O l 2 Btu; annualized project construc
tion energy (undlicounted) = 0.04x IO 12 Btu. 

Table 3. Energy impact summary results: US-101, Ventura County, 
alternative 2. 

Post 
Item Baseline Project 

Private-vehicle VMT per day (000 OOOs) 2.74 2.83 
Private-vehicle fuel economy (miles/gal) 22 .6 25 .2 
Average fri(l time (min) 
Energy consumed (10 12 Btu) 

16.65 15 .86 

Moving vehicles 5.54 5.3 2 
Idling vehicles 0 0.02 

Change 
(%) 

+3-3 
• t 1.5 
-~.7 

- 4.0 

Note4 1 o tal pruJ\l~I conslluc:lion energy = J .OOx l O I 2 Btu; ;innualized project constru c
tion ClhH8Y (undf~COUnted) = Q.Q4x l ol 2 13lU. 

Table 4. Energy impact summary results : CA-39, Los Angel es County. 

Post Change 
Item Baseline Project (%) 

Private-vehicle VMT per day (OOOs) 144.3 147.7 +2.3 
Private-vehicle rue! economy (miles/gal) 22.9 30.7 +34.1 
Avernge trip tino~ (min) 21.83 21.05 -3.6 
Energy consumcU (10 9 Btu) 

Moving vehicles 245.7 213.9 -12.9 
Idling vehh.:les 46.6 "-0 -87 , 1 

Note: Totul project conslrut tion energy = S.SxJ o9 Utu; annualized pr(ljecl l'.Onstruc· 
tion energy (undl1:.c:o11ntetl) == 1.1 x I o9 Dtu. 

project . The new HOV lane by itself increases ca
pacity and results in a small amount of induced 
VMT. Thus , in this case the effect of the HOV lane 
is to increase, rather than decrease, energy con
sumption. 

The construction energy impact is essentially 
identical to alternative l of the project. Under 
the second alternative, the annualized construction 
energy increase (which in the former project was 
dominated by the vehicle energy savings) offsets 
about one-fifth of the vehicle energy savings. 

CA-39, Los Angeles County 

CA-39 in Los Angeles is a 3. 4-mile highway segment 
that contains 13 signalized intersections. These 
signals were designed to be interconnected, but the 
existing control equipment is unreliable . The pro
posed project is the replacement of existing equip
ment with new signals and controllers. 

In the baseline case, it was assumed that the 13 
signals (each with 50 percent green time) functioned 
essentially independently--i.e., with no intercon
nection. Therefore, every vehicle had roughly a 50 
percent chance of having to stop at each signal. In 
the "build" case, the signals are assumed to be per
fectly interconnected. 'l'herefore, no vehicle stops 
more than once except under congested conditions 
when interconnection breaks down and the signals are 
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again conservatively assumed to operate inde
pendently. 

Significant energy savinqs result from the proj
ect (see Table 4). Idling is reduced substantially 
so that energy consumed by idling is reduced by more 
than 85 percent. Equivalent absolute energy savings 
(though smaller in percentage terms) result from a 
return to continuous-flow conditions for nearly all 
uncongested travel, and there is a resulting im
provement in fuel economy. These energy savings 
occur in spite of induced travel of 2.3 percent that 
results from a 3.6 percent reduction in average trip 
travel time. 

The total construction energy is less than 10 
percent of the annual energy savings resulting from 
this project. This is clearly a project that offers 
significant energy savings, as well as many other 
travel-related benefits such as reduced delay. 

CA-99 , Merced County 

CA-99 in M"erced County is a four-lane rural express
way running through the city of Livingston, Cal
ifornia. Within the 6.1-mile project limits, there 
are one signalized intersection, five other at-grade 
intersections, and numerous "T-intersections". Sev
eral sections have no shoulders. The existing fa
cility has a very high proportion of heavy truck 
traffic. The proposed project involves the con
struction of a four-lane, limited-access bypass near 
the existing alignment. The existing facility would 
remain to serve local traffic. 

This project was analyzed by treating the exist
ing CA-99 and the new bypass as competing facili
ties. Traffic was allocated between the two facili
ties on the basis of re la ti ve travel times on the 
two routes. It was assumed that all heavy-truck 
traffic would use the bypass (a negligible amount of 
this traffic is local traffic). Signal delays and 
idling time were calculated in a manner similar to 
that used for the CA-39 project in Los Angeles, ex 
cept that the effects of the signal on cross-street 
traffic were also considered. 

The results of the energy impact analysis given 
in Table 5 indicate that the combined vehicle energy 
consumption of affected vehicles on the old and new 
facilities increases by almost 40 percent as a re
sult of the proposed project. This large increase 
stems primarily from two sources: 

1. High speeds on the bypass result in a net 
decrease of 7.5 percent in average trip travel time, 
which in turn generates induced travel of 4. 7 per
cent. 

2. For the traffic using the bypass, the average 
on-facility speed increased from 32.5 mph to nearly 
65.0 mph, which results in markedly increased fuel 
consumption (Figure 2). This effect is even more 
pronounced because of the h gh percentage of heavy
truck traffic, whose fuel economy declines even more 
rapidly at high speeds than that of automobiles. 

In addition to the increases in vehicle energy, 
the construction energy for the new facility is sub
stantial--equivalent, in this case, to the total 
energy consumed in three years by all vehicles on 
the existing facility. This is clearly a Project 
that has negative energy impacts associated with the 
benefits of reduced travel time, increased capacity, 
and improved safety conditions. 

DISCUSSION OF RESULTS 

The energy impact estimation techniques presented in 
this paper were used to analyze a total of 20 Cal
ifornia STIP projects and project variations. From 
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Table 5. Energy impact summary results: CA-99, Merced County . 

Pos t Change 
Item Baseline Project (%) 

Private-vehicle VM T per day" (OOOs) 151.0 J 58.1 +4 .7 
Pri vate-vehicle fu el economy" (miles/gal) 29.9 22 .1 - 26.0 
Average trip time• (min) 19.69 l 8.22 -7.5 
Energy consu med" (l 0 9 Btu) 

Moving vehicles 230.3 32 6.l +4 1.6 
Idling vehicles 4.2 1.6 -61. 9 

Note: Total project C'On.J\rucci on energy== 9 17.Sxto9 Btu; annuali zed projec t construc
tion energy (uudisraunted) = 36,7xl09 Btu . 

8 Data are based on affect ed trips made by vehich:s on both old and new facilities. 

these sample pro ject s , a number of i nte resting con
clusions can be drawn about the typical energy im
pacts of various classifications of projects. Some 
of t hese results are counterintuitive and contrary 
to commonly accepted conclusions concerning the 
energy impacts of projects. These results are sum
marized below: 

1. Highway widen i ng or bypass projects can 
either increase or decrease vehic le energy consump
tion. Energy is general l y saved as long as the im
provement is on a congested facility and is small 
enough just to allow stable traffic conditions. As 
the capacity improvement allows speeds to exceed 
about 35 mph, vehicle fuel economy decreases and 
additional traffic is induced. Both of these fac
tors increase overall energy consumption. 

2. STIP projects that are primar ily safety re
lated, such as two-way left-turn l anes and shoulder 
improvements, have negligible energy impacts. 

3. Ramp-mete r ing pro j ects yield energy savings 
when imple111ented under congested conditions . Above 
baseline speeds of about 35 mph, ramp metering tends 
to increase energy consumption. In most cases , ramp 
delays reduce the amount of induced new travel . 

4. Traffic-signal improvements along corridors 
are effective energy savers, as are all projects 
that relieve stop-and-go traffic conditions. The 
effectiveness of signal improvements decreases, how
ever, as the existing level of congestion in
creases. This is because signal interconnection has 
decreasing benefits under saturated conditions. 

RECOMMENDATIONS FOR FURTHER DEVELOPMENT 

With relatively simple modifications, the impact 
estimation procedures described here could be auto
mated for application on a hand-held calculator or a 
small minicomputer. This would reduce the length of 
time needed to e valuate a project from 2-4 h down to 
less than 15 min. Automating the procedures has 
five primary benefits: 

1. Equilibration of induced and diverted travel 
could be performed to much stricter tolerances. 

2. Faster turnaround time would allow the an
alyst to make more estimates while varying project 
and input parameters as a check for sensit i vity. 

3. The fuel consumption characteristics of a 
greater number of vehicle types (e.g., small and 
medium trucks) could be considered. 

4. Estimation of life-cycle energy impact would 
become available without imposing a great time 
burden on the analyst. 

5 . The likelihood of human error would be re
duced. 
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As described earlier, most of the components of 
the quick-response method of assessing energy im
pacts have been derived from existing complex models 
or modeling systems. However, the method for deriv
ing the VMT impact of HOV lanes is based on a very 
limited number of empirical observations. Ongoing 
work on HOV lane impacts (!.Q.,11) is significantly 
improving the state of the art in modeling these 
impacts and should be incorporated into the existing 
set of impact estimation procedures. 

Energy consumption data are based on a 1971 re
port (~) that used road tests of vehicles from model 
years 1960 through 1968. Overall fuel economy 
levels have, of course, been factored up so that 
fleetwide average fuel economy matches current and 
projected levels. However, the effect of average 
speed on fuel economy may have changed somewhat in 
recent years as automobile engines and bodies have 
been redesigned to be more fuel efficient. This 
raises the possibility that the curve shown in Fig
ure 2 may not be appropriate for the current vehicle 
fleet. On the other hand, there is some recent evi
dence that the basic shape of the curve in Pigure 2, 
includi ng the speed of minimum fuel consumption, is 
in fact appropriate for newer cars (ld). This prob
lem is not specific to the project. Inadequate at
tention has been paid to this problem in the recent 
literature, and significant new research in this 
area is critically needed. 
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