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FOREWORD

The purpose of the RECAT study hag been to provide guldence on the direction
future NASA research should take to conserve fuel in the commercial air transport
system. To this end, a number of fuel conserving options was defined, none of
which represents the likely future evolution of the system, but each of which .
ineludes potential elements of 2 logicel future system. Therefore, the predic-
tions of fuel upage, as well as fuel saved relative to the beseline case, should
not be employed to draw conclusions regarding the single best direction for
research. Rather, the reasons why certain options did or did not result in large
estimated fuel savings should be analyzed and understood in order to determine
whether s productive direction for research is implied in each case. In the final
UTRC RECAT study report (R76-912036-16), an attempt was made to restrict the anal-
ysis of results to those areas where clear interpretatlions can be made and to
stregs * ‘e underlying reasons behind those results. This report is a condensed
summai, .. the final report, comprising major results and an overview of the study
conduct.

This study was performed by UPRC under contract to NASA, Ames Research Center.
The NASA Technical Monitor was Mr. Louis J. Williams, of the Research Aircraft Pro-
Jects Office. Associate contractors in the study were the Douglas Alrcraft Company,
Lockheed-California Company, and United Airlines.
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A
Cost /Benef'it Trade-offs for Reducing the Energy

Consvapbion of Commercial Air Transportetion
(RECAT)

ABSTRACT

The RECAT study evalualed the opportunities for reducing the energy reqilrements
of the U.S., domestic alr passenger transport system through improved operaticnel
techniques, modified in-service aircraflt, derivatives of current preduction models,
or new aircreft using either current or advanced technclogy. Bach of these fuel-
conserving alternatives was investigated individuelly to test its potential for fuel
conservabion relative to a hypothetical baseline case in which current, in-production
aireraft types emeé assumed to operate, without modificetion and with current opera-
tional teehnique., into the future out to the yesr 2000. Consequently, while the
RECAT results lend insight into the directions in which technology can best be pur-
suzd for improved air transport fuel economy, ne single option studied in the RECAT
program is indicetive of n realistic future scenario.

Specific fuel-conserving options examined in the sbudy, in addition to the base-
line case, are:

- Operational procedures with and without advenced air traffic control (ATC)
+  Rebrofit to, or modificabion of, current aireraft types

* Derivatives of current aircraft types

+ New near-term aircraft using current technology

+  New far-term aircraft (propfan and turbofen) using advenced technology

Characteristics of each of these options, as they affect either the airecrafh
themselves or the system in which they operate, were developed by associate conbractors
in the study effort, and the system effects were anelyzed by the United Technologies
Research Center (UTRC). Aircraft and operational characteristics were developed by
Douglas and Lockheed. These date were then reviewed by United Airlines to
ingure consistency and realism in the economic and operational parameters charachteriz-
ing each ontion, and the data were then hransmitted to UTRC for systems analysis.

In the UTRC analysis of the air transport system, the fuel-conserving options
were not simply introduced into the fubture system by mandate; rather, elements of
each opbion vare accepted into the system only as they could compete in en economic
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sense, *hlercby promoting realism as to the air transport system which would evolve
from each opbtlon., The air system simulation involved the generation of the required
fleet to meet the forecasted travel demand in each of four forecast years --1980,
1985, 1990, and 2000. The forecasted demand is itself affected by the quality of
service offered in each option as messured by fare and trip time; othar elements of
the demand forecasting process involved a model split among all campeting transporta-
tion modes (alr, rail, bus, end awtomobile).

Complete travel statistics for each opbtion -~ passenger flow, .Luel consumed,
alr system costs, envirommental (noise and emission) impacts. and debails of the
airceraft fleet ~- were computed annuelly and cumulatively, and were compared with the
baseline case and with each other. The fuel conserving potential of each option is
thus displayed for purposes of evaluation. In addition, other effects of each
opbion -- demand sabisfled, user cosl and time, noise and emissions, and requlred
Government spending -- were evaluated in a benefi‘b/cost analysis to add insight into
conclusions derived from energy congiderations alone. Based on the results generated
in the system simulation, impacts of each fuel-conservation option on airlines, the
aircraft indusbry, air travelers, airporbs, and the Government were quantified, and
regulatory implicetions assoclabed with the possible impacts were discussed. IMlnally,
broad recommendstions as to aavisable actbion releting to the fuel-consrrvation
effort are offered.

of all fuel-conservabion measures considered, the strict allocatiop of fuel to the

syctem, & measure evaluabed for the baseline case to test its effect, results in the
most dramatic soving of fuel. This approach manifests iteself primarily as a forced
increase in syster load factor, and the magnitude of fuel saving depends on how high
load factor can be raised before service is adversely affected. Fuel allocation is.

of course, not a conservation measure of the kind to which the study is primarily
addressed (i.,e., techmological fuel-conservaetion measures), but can be applied, to

- whatever degree practiceble, to any of the technological options stulird,

The most effective technolopgical option varies with time. In <l very near
term, between the base year (1973) and 1978, improvements in opsrational procedures
can gave & mmall amount of fuel bub camnot, by themselves, achieve dramatic savings
in the long run (though, of course they can be combined with other fuel-conserving
measures). Ilouwever, because of the immediate benefit achieveble, and its applicapility
in other opbtions, it is recormended that the operational procedures options be studied
further, particularly as to possible costs of implementation,

Given time to develop aerodynemic and reengining modificabtions, assumed to be
availshle in 1978, the modification of in-production aireraft results in measurable
savings in the interim period bebween 1978 and 1988, :
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The early development of new near-term airceraft using present technolomy would
resuld in a greater fuel saving than any other option in the period bebween 1968
end 1998. The nearest alternabiveé .7 ‘on would be the development of fuel-conserving
derivatives of current alrecraft. . hotel fuel saved would be scmewhat less, the
derivative option requires a much 1 = fleet investment and could be easgler to imple-
ment for that reason.

Because new far-term alrcraft using advenced technology could not be developed
for introduction before 1985, ab the earliest, that opbion does not offer as great
a cumulatbive fuel saving as other options within the study period. Howevrer, that option
becemes competitive with the new near-term aircraft opbion in sbout 195 , id would
be clearly superior beyond the year 2000,

A sbriking result of the study is the developing need in the lete 1980's for a
large-capacity airplane aimed at good economics and low fuel consumption at short and
intermediate stage lengths. The travel growth on high-density routes, many of which
are short- to intermediate~range, together with cepacity restrictions at hub alrports,
Limit frequency growth, thereby regulring larpe gircraft.

Although propfan aircraft exhibit superior fuel-c¢conomy characteristics to
turbofens, the study results did not exhibit a clear fuel saving because of inconsis-
tencies in the input design data. A prime recommendation ig that design work be
initiated to provide consistent aireraft, hoth in terms of technology end alrcraft

' pize, for subseguent evaluambtion in the RECAT fleet model.
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INTRCDUCTION

Since the Arab oil embargo of late-1l973 and the consequent energy chortapge and
stbsequent rise in fuel cost, much attention has rightfally been focused on fuel
conservatlion measures in all sectors of the economy. Since transportation consumes
some 33 percent of all petroleum fuel, conservation in that sector has heen of para.
mount concern, and even though commercial avietion consumes only about 7 percent of
transportation fuel, attention tends to focus on aviation because of its greater
energy intensity as compared with other common-.carrier modes,

The emphasis on energy conservation leads to over-reaction on the part of anal-
veus and observers of air transportation. The fuel-conserving potential of various
measures which hav~ been conceived ltends to be overstated because individual measures
ere often combined and applied to the air transportation system without regard to

their logieal implementation within the system. Furthermore, the benefi%ts of such
measures are ofben sccepled without due consideration of the costs associsted with
their eventual implementation.

Accordingly, the present study was underteken to evaluate alternastive fuel
conserving measures in a gystematic wayx such as to reveal the realistic potential of
diserete options with due regard for their econcwmie, socisl, and environmental costs,
as well as for their fuecl-conserving bvenefits, BSBuch an analysis will assgist NASA in
the forymlation of e cost-effective R&D program in energy conservation.

Cbjectives

The primery objective of the study can be most succinctly stated as follows:

e Tvaluate alternative fuel-conservatlon options as apnlied to the domestic
8ir pessenger transportation system

Collateral objectives include:

» Determine the quantitative effects of implementing selected fuel-conservation
options oy ' '

o fuel required by commercial'air transportation,
s ‘travel demand, and

o fleet reguirements out to the year 2000

2 Investigatc impacts of these fuel~conserving cptions on alrlines, manufacturers,
airports, Government, and alr travelers '

) Cbnsider regulatory implications of selected fuel-conserving options

*
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St uy Scope

' An understanding of the scope of the UIRY study requires an appreciation of the
overall study organization as structured by NASA. TIn all, four contractors were
selected to carry out separate but interdependent studies. They included two air-
frame manufacturers: ILockhe.i-Celifornia Co. (ICC) and Douglas Aireraft Co. (DAC);
one operator: United Airlines {UAL), end one consultant: United Technologies
Research Center (UTRC). Although these participants had separate contracts, the
neture of the assigned tesks wes such as to require close coordination throughout the
study, including mutusl egreement on ground rules and methodology, as well as sharing
of data, The division of responsibility among the RECAT contractors can be generally
summarized as follows:

contractor . Primary Responsibility
Manufacurers Alreraft design: modlfications, derivatives, new
v aireraft
Operator Design review; documentation of current aircraft
Consultant Demand & fleet forecasting; benefit/cost analysis

of fuel-conserving coptions

Fuel-Conservation Ophions

The UTRC responsibility, as stated above, involved the evaluation of a baseline
scenario and five broadly defined fuel-conserving optione, where most of these
options also included suboptions to definitively evaluate specific alternatives under
each broad heading. The entire set of fuel-conservation options is summarized in
Table L, where for convenience the baseline scenario and its variations have been
labeled as Option I, Ia, and Tb though they are not fuel-conserving options in the
same sense as the others listed.

The fuel-conservation options break down into four broad categories: improved
operating procedures; retrofit to or modificetion of existing aircraft models;
derivative models of existing aireraft; and newly designed aircraft. The
baseline case considers the nominal evolution of the present air transport system in

T . oot ' "
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TABLE I

KEY TO UTRC FUEL-CONSERVATION OPTIONS

Mreraft Awgilﬁble for Aspipgnment

option
In Bapeline Baseline In-Prod. Models* ({BIFM)
Baseline Bensitivitiles
In 60¢/gal Fuel BIPM
Ib Fuel Allocation LF = T0% "
Ila Operating Procedures. Pregent ATC BIPM
Iib " : Advanced ATC "
IITa, Retro/Mod: In-Prod. only BIFM
ITIay " "+ Aerc; Proj. Ret'm'ts. "
IZIby " " : Aero + Fng; Proj. Ret'm'ts. "
( TITap " "+ Aero; Delayed Ret'm'ts. "
TIIbs " " : Aero + Eng; Delayed Ret'm'ts. "
IVa  Baaic Derivatlve Option BTPM +: DC-9-30D1;DC-10-10L4I1011L
IVb  Without L-1011L L n "
v New Near-Term Aircruft BIPM +: NB0-200I; N8O-4OOL
Via New FarnTerm TP: Pre-1985 Intro. BIEPM +: WB5-~200P
VI n " ": 1985 Intro. "M N85-200P
VIc 1 " " TFs " ": N85-200; N85-500
VId " ﬂ " TP + TF " ": %85--200P; NB5-500
VIe wew v 7pg (estimate) " "y N85~200P; NB5-500P

{est)

# DC-9-30; B-737; DC-10/L10L1l; B-Th7-200; B-T27-200
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the absence of furthe: fuel-conservation measures, Moveover, in view of the
wicertainty of fuel price and avallabllity in the future, several coses were studied
with baseline azsumptions except for higher fuel price and/or restricted fuel avell-
ability. In all cases, forecasts were made for the years 1980, 1985, 1990, and 2000,
and comperisons were made with the base year, 1973. The specific fcaturcs of each
option are summarized as follows.

In the baseline option (I) enly those aireraft listesr in the footnote
(BIPM) were easumed to be available as replacements for retired airplanes and to
accompodate demand growth in the forecaust years. Ao concelved, the baseline ophion
represente an extensilon of present alreraft unage into the future, No fuel-conser-
vation measures are enforced, beyond those alrendy being practiced by airiines in
1973, and no nev or derivative aircraft are introduced in the forecast period which
exlends to the year 2000, Althouph this definition of the baseline option is severe
in that these assumptions are quite conservative and probebly not realistic, it does
rerresent a tractable datum from which o measure the effecits of zsyatem inprovements
on fuel consumption., PFurthermore, the range of seating capacities covered by the
baseline aircraft is broad enough {72 to 386 sests) to keep flight frequencies within
manageal:le bounds, These same alrnianes vere retailned as competitors to new and
derivative elreraft in Options IV to VI; i.e., the fleet forecasting modcl was pre-
sented with a mix of aveilable aircraft, for assignment to ench route, which always
included at least the baseline in-production aleplencs,

A set of sengitivities bhas olso been cxemined for the beseline case. Tne effects
of luereasing fuel price on demand, fuel ucapge, and fleet composition were examined,
as were the effects of scenarios in whieh fuel is asoumed to he gecavce to the sxtent
thet it ic alloeated, in varying amounts, to the alr transport oystem. '

The Operavional Procedures Option (11) was included to obtain an estimate of the
fuel savings schievalbile by improvements in : : ‘line operations. There improvements
sre divided into two categories: Opiion ITa, which incorporates airline operations and
maintenance measures compatible with the present ALC syntem throurh relatively minor
adaptationg, and Option ITb, vhich combines thece measurec with an improved ATC
environment essumed Lo be in existence by the mid-1980's.

Cptions festuring retrofits or modifications of existing eirplenes (Option III)
are alse divided into two categories: Option IITo includes acrodynamic modificetlons
apecifically tailored to each of the taseline in-production aireraft, and Option ITIV
ineludes these tercdynamic changes plus replacement of JTh and JT3D engines with
vefarned J75D engines on first-generation {turbojet and turbofan medels. In each case,
the lifetimes of the retrofitted airplanes are extended to reficet the additional
investnents incurred by these modifications, Furthermore, new additions to the fleet
slso inelude the changes, so that the entire fleet incorporales the retro/mod features
Ly the 1985 rorecast year.,

1..
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Devivatives of the IM+9, B-727, L-1011l, and DC=-10 airplanes were designed by
the manufacturers Tor Opcion IV. These derivatives compete with each other and with
their own bascline models for assipnments to the 600 eity-peir routes in the demand
ond fleet assignment process, Although introduced in 1980, these aireraft are not
sgsumed to be in alrline service in large numbers until 1985,

The new, fuel-conserving, aircraft designs based »n current technology (Option V)
a1.d advanced technology (Option VI) are introduced in the early and lote 1980's,
respectively. 'The near-term designs include rerodynamic and strictural improvemenis
over the baseline sircraft (e.g., supereritical wings and use of .:omposites In sec-
ondary structure elements) and advanced turbofan engines as rcpresented by the JT1O0D
and CFM56. Turther advences are assumed for the far-herm alreraft, ineluding exten-
sive use of composites in the primary strueture, ective controls, and turboprop
engines of advanced desipgn.

Relationship to NASA Progroms

NASA has traditionally played an important role in providing the technology
which formed the basis Tor the U.S. dominance in the air transport field., The on-
roing NASA R&T program has sought to be responsive to the needs of the air transport
industry well into the future. Thus, 'the gnergy erisis, as it suddenly reached the
awvareness of the public in late 1973, was already beilng met on many fronts in the
ongoing NASA RET program. Nevertheless, the added urgeney of the problem, as it was
go dramatically displayed, sparked new interest in energy conservabtion ag it could
affect airernft fuel usage. Several nev programg aimed ot improvead conventionel and
anconventional enpines, use of alternative fuels, and increased structural and aero-
Gynamic efficiency, were initiated.

In addition, a task force on "Aircraft Fuel Conservation Technology," heanded by
J. J. Kramer, of UAST, was established In Februery 1975 to consider technolopilcal
measures which ccould improve aircraft fuel efficiency. The report of that committee,
issued in September 1975, outlined a recommended RET program involving advanced pro-
pulsion, composites in primary aiveraft structures, and the use of laminar flow con-
trol. The effect of these improvements wos evaluated by assuming a timetable for
their introduction end compubing the potential fuel saving out to the year ~005,

While these results provide an upper limit on fuel savings achievable, a more
conservetive estimate must account for the introduction of new technology at a rate
which is scceptable to the users on the basis of cconomilcs and envirommental com-
patibility and with due repard for the effect of innovations an travel demand.

The present study attempts ¢ rdd this depree of realism Tor those technologieal
advances which are common to both studies. lowever, a one-to-one correlation between
the two studies is not possible because they were done separately with different
ground rules and this study did not inelude all of the advanced technology considered
in the task force report. IHevertheless, the studies are complementary in nature and,
taken together, aid in the formulation of an R&T program vhich will improve the fuel
economy of future commercial ailr transports.
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Approach

The approach to the study can be stated simply. Eoch fuel-conserving option
(including the baseline) was treated as o digcrete scenario for the future. TFacy
option is charactorized by sircraft with known performance and economic charmsai-
iatics. These data permit the initisl calculatlon of the required fleet to suilisfly
the estimated travel in a representative air trrnsport network fur several future
forecast years. However, since the definition of the fleet will affeet fare, fre-
quency, and trip time which, in turn, will affeet travel demand, the fleet acsipgn-
ment process must be performed iteratively with the passenger travel forecast before
convergence on the required {leet for each fuel-conserving optlon. Once convergence
1s acnieved, the system and all of its c¢haractegistics, including fuel consumed, can
be computed. These characteristics, useful in themselves for evalustion of alterna-
tive options, are aloco used as input to a benefit/cost analysis in which benefits in
fuel saving can be evaluated In relation to other criteria to result in a benofit/
cost rating which is o single, globel measure of the relative merit of alternative
fuel-conserving optlons.

RECAT Model. Btructure

The process in which this evaluation is carried out is schematically displayed
in Fig. 1. The main parts of the program -- the 0~D passenger forecast, the fleet
composition, s~ the benefit/cost anelysis -~ are outlined in sheded boxes, and all
impertant f£i.:trec@ involved in the anelysis are shown with arrows indicating either
their effe:Ls on other factors or their input to major elements of the program.

The passenger demand and modal-split models which are used to forecast origin-
destination (0-D) air demand in a multimode travel. environment were previously
developed as part of UTRC's Corporate-sponsored program. As shown on the left-hand
side of Fig. 1, these programs rccept inputs deseriptive of future population end
income growth, as well as charavteristics of the candidate intercity travel modes
{air, auto, rail, and bus)., These characteristics affect o passenger's choice of
mode as expressed by the disutility* of travel.

The second modeling procedure, indicated in the center of Fig., 1, is the puss-
enger demand and fleet sosignment model. The purpose of this program is to convert
the forecasted 0-D demand to an estimate of the required aiveraft on.each route in
the air transport network.

Each fuel-conserving option (uppermost box in Fig. 1) is deseribed by a set of
aireraft which may include existing types, modification and/or derivatives of these
types, and new aireraft. In addition, a fuel price or a fuel allocation scheme may
be specitied as part of the scenario. Data deseriptive of the aircraft are used as
inputs to the calculation of operating cost, and also to make a preliminary aircraft

#Disutility is defined as either < total cost of travel {out-of-pocket cost +
travel time x value of time) or the total time of & trip (travel time + out-of-
pocket cost/value of time). - S
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selection (for each route) on the basis of reburn on investment. (An alternative
means of making the assignment is to use fuel consumption rather than return on
investment as the assignment crilterion. This criterion would be used, for example,
in a fuel-allocated scenario,} In addition to achieving the best economic performence
among those aireraft avallable in the fleet, a mix of aireraft is selected so as to
include a range of jassenger cepacities,

The operating costs of the airplanes affect the fare level, which is chosen to
provide an acceptable ROI (12 percent) for the total system., Similarly, the trip
time and service frequenciles appropriaste to each route, based on the aircraft assigned
in each case, provide the necessary inputs for a refinement of the initial estimate
of the 0-D passenger demand. When this revised demend is used in the pmssenger and
fleet assignment model, a new fleet is composed, and then the process is repeated
until convergence is achieved; i.e,, demand, fare, and system ROI are in equilibrium.

Results for a particunlar fuel-conserving option provide e "snapshot" of the
total system from which wvalues of important system parameters can be selected.
Certainly, total fuel consumed is one of these but, in addition, such quantities as
totel investment in new aircraft, user costs (fare), operations required at busy hubs,
ete,, are of interest., Knowledge of the system's characteristics provide necessary
inputs to the last of the three modeling procedures indicated in Pig. 1, & Benefit/ '
Cost Model., Using this model,, which was developed at UTRC prior to the RECAT study,
a benefit/cost analysis 1s performed in order that the implications of each opticn
can be viewed in terms of its impact on the system, and to put fuel consumption into
perspective with other system costs.

Study Ground Rules and Data Inputs

The atudy results are, of cowrse, dependent on the assumptions accepted by the
sbudy participents and the ailreraft date provided as input to the fleet forecasting
models. A listing of the study ground rules is given in Table II, and an abbreviated
summary of the airplane characteristics used in the fuel-conserving options is pre-
gented in Table ITI.
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TABLE TIIT
SUMMARY OF AIRPLANE CHARACTERISTICS
Max®* Yoor of 1973 Flyouny®® Flyauay Caost/
Other Adrplones  Capacity Stage Introduction, Fleot Bizo Con Beat
Beriaa A rplane Repregentad fents  Bt. M{, Yo (€00 oity-puirt _ $10 S/nant
{1oB0-2000}
Buneline; Out of DC=9-10 10 1400 1966 |7 4,100 58,600
Froductlon B=Te=100 1208 102 200 1966 anf, T, HED 77,300
pe-geso B-P8GE 139 3h80 1961 179 B, (oo 61,900
no-B-63 1=707-320B 1&3 5640 1957 fn 8,940 0,000
pC-8-61 19 Lo 1961 19 10, 300 £2,080
p0-8.20 120 BC-B-30 035 1958 A 1.210 §1,900
Turboprop (:'J-s‘?!u/(}on,;’;}}?z: ks nn 11 n,man 29,100
Uaselines In Prod, PC-9-30 TR 2 v 1967 172 5,150 56,000
B 31-200 97 €5 1970 1w 5,620 57,900
B-727-200 . o oo 132 plivA 1968 auT 8,490 6b,300
fe-10-10 L3p11-1 215 J2hd 1972 100 20,130 73,00
B.Th7-200  B=Th7-200 386 oo 170 €5 29,1600 75,400
hero Reirofit B=T37~-200R 97 B6s 78 v 5,700 58,800
00-9-10R 10 1100 1478 ¢ 0,080 -
PC-0- R 92 120 w18 3 5, 56,800
B=T27=100R 102 210 1978 0 U, 08 -
B-72T-2008 132 179% 1978 0 4,570 Ghyyiu
De-8-50R  E-jgi=120n 13 W 1978 o 9,150 -
nc-B-g.?H B-707-320B J.h% 560 _1973 ¢ 0,150 -
ng-B-6iR 19 IT0 197 0 €. 150 -
pe-g-gop  B=720, De-f-3p gy G35 1978 o 8,159 -
$0-10-10  L-1011-1 aT1s 1340 19178 0 20,410 h 200
BoUT200R  B=7iT-109 386 5430 1978 o 2y, 380 76,164
hero/Engine PC-B.20ER  B720, DJ-B-30 139 3035 1973 a b, 650 -
Retrorit DC-B-F LR - u-‘:g’&x:ou 13 3480 w79 0 1, BT0 -
pe-8.GIER  °T 198 o 1979 ) L, 8710 -
DC-B-60CR  B-707- 3208 kg 5640 1979 0 4, 870 -
Uorivative [C=ye 30D 117 1200 19h0 v A,510 0,00
Fe-9-307 122 1600 19080 a 10, 0040 Ay, ann
[-727-300 156 2270 1979 ¢ 14,900 Bo 100
DE-10-100 199 2510 19680 a 18,077 nn,fan
DE-10-40g 13y 3390 1990 n 35,009 300,700
L-1011-L0%3 hot 2098 190 o 28,900 £E gan
L-1011-CNORT 200 1055 1980 0 10,100 45,500
tlew Near Tarm HAG-Bulie] 200 1450 1960 9 17,78k BE bt
H8Q-200-L 200 2900 1900 0 19, T06 aR,500
1i8p-koa-1, Lo 2895 1980 0 30,0671 78,180
Yew For Term 185200 201 29h0 1985 a 16,560 82, koo
1i85-350 357 29ko 1985 o 29,000 f1,200
185500 512 25ko 1985 o 15,310 £r,nnn
HB5.200R 200 1hho 1985 0 16,715 83,908
» A supplied by UAL for G0f winter wind condition. .
&% Includep 15% for aparer, Far sut-of-production Retroflt+ud Alreraft, tabulated eost Is for rotrarit enly.
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SIGNIFICANT RESULTS

Although the msjor + Jective of this study hes been to compare technologlcal
alternalives to achieving fuel conservation in the air transportaltion system, it
has been shown that "actual" fuel usage 1s not bthe only consideration. If it were,
then a solubtion which incurs enormous cost to the system, thereby railsing operating
cogsts and fares, thus reducing demand, would appesr most attractive. Obviously,
some balance must he struck between absolute fuel savings and maintenance of a wviable
alr tranasportation system.

T mmemrfrhre ot ST e s SIS mar s -

J'
{I Comparative Mzasuras
1

i In this study, several devices hrwe been usel Lo oxpress the relationship

| between fuel usage and system costs. TIMuel efficiency, expressed in passenper-

i miles (or seat~miles) per gallon of fuel used, is a parameber which is appropriate

to measure system performance as rr gards the way fuel is used. In effect, it

modifies the parameter "actual fuel used" by introducing demand served as a con-

gideration of egqual importance. However, the drawback to fuel efficiency ws a

comparabive meesure is that it cannot be used vo debtermin: cumulative fuel used. :

‘ Another device which was employed in the presentation of results is "adjusted”

| fuel usage, which 1s the fuel which would be used to satisfy the baseline demend :
al the fuel efficiency of the particular option being examined. With this parameter

it becomes possgible to compare options on the basis of cumulative fuel, and the

problem of demand veriations emong options is eliminated by normalizing demand to

the baseline value in each case. Thus, adjusted fuel used is a convenient measure

because it permits an estimate of the "savings" in fuel relative to the baseline cese.

Pinelly, the use of benefit/cost ratios has been utilized because it is a means
of bringing additional congiderations, such as noise, emissionz, and government
spending, inbto the comparisons. Tuel, user cost, and trip time enter, dlrectly or
indirectly, into the calculation of disubtility which determines demand. Therefore,
these parameters have an implicit effect on fuel used (actual or adjusted) and on
fuel efficiency. However, noise, emissions, and government spending do not enter
into the calculation of these other measures; they are considered only in the
benetit/cost analybical process. '

! ' Comparison of Tuel-Conserving Options

In an abtterpt to summarize the totality of results for all options and to
compare the fuel-conservation potential of each alternative, a set of summary charts
hag been prepared in which the measures noted above have beén employed. General
vesults for cwmlative demand, cumulative fuel saved, and gain in average fuel

ik
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efficiency (average fuel efficiency is defined ag the ratio of curulative demond to
cumlative fuel used) are presented Tor the near term (1973-19085) in Fig., 2, and for
the far term (1973-2000) in Fig. 3. These charts, which also give the benefit/cost
retings for each option, cxpress the differences of each parameher relative to the
baseline case, giving not only the absolute differcence in the cumwlative parameters
(on the seale), bub also the percentage differences {on each har). An additional
chart, Fig. 4, provides summeries of actual end adjusted cumulative fuel savings for
selected options over various segments of the forecast period.

Considering first the near-term results in Fig. 2, nole that, in terms of
"moodness", all parameters have been selected to be behiter when they are positive
and numerdically high. In the cage of benefit/cost ratings. numbers greater than
1.0 indicate an improvement relebtive to baseline values, whereas, in the other

parameters presented, numbers greater than zevo represent improvements. Also, results

for the baseline sensitivity options are indicabted by dashed lines to differentiate
them from the technology-oriented results., Sinee fuel price and load factor wvaria-
tions may also be applied to any other optlon, these results are not meant to supgest
alternatives to the technology options bub additive effects which could be expected
if these measures were adopted in combinabion with the other options. Therefore,
thelr inclusion is primarily for reference rather than comparison.

The near-tzrm resulte show that differences among the technology opltions are
relatively small, Since derivative and aew-zireraft fleebts are rather small up to

1985, the beneficial effects of these advanced-technology opltions are nut evident

in Fig. 2. Respectable fuel sevings are achieved by the operatlng procedures and
retrofit/modification options, but the largest of these savings (ITa) is clearly

‘due to depressed demand. This leaves orly relrofit and modificetion as prectical

methods of conserving fuel in the near term. Of the five retrofit/mod options
studied, the best are: TIIaj, in which no retrofits to out~of-production eircraft
are performed, and baseline rebirement schediles are used; and IIIby, in which both
serodynamic and engine retrofits and modifications are performed with retirement
schedules for out-of-production eireraft delayed only slightly (35 years) from
the baseline.

Tar-term results, as depicted in Fig. 3, are quite different from near-term
results, Improvements occur in all cases, bub the ophtimum derivative and new-
aireraft opbtions gain proportionally more than Options II and III. The end result
is that the options tend to improve with advancing technology level, i.e., toward
the right in the figure. Itisnoted that the retrbfit/mod opblons merse to a
common result in the long term, with cumulative fuel savings of about 5 percent
and average fuel efficieney gains of about 6 percent., However, the advanced~

~ technology options achieve congsiderably more impressive long-term improvements

15
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over the baseline case. Particularly noteable is Optlon V which combines the larpest
demand stimulabion with & respectable cumilative saving in fuel and, in terms of
sverege fuel efficiency, ranks with Options VIe and VId, The basic derivative

option, IVa, also provides significant improvements over the baseline, and about double
the retrofit/mod Improvements.

New Far-Term Aircraft Options (VI)

Four far-term fucl-conservation cptions¥ were ccnstructed around the new far-
term nirplanes identified in Table IIT., The first two feature the N85-200P,
introduced either in 1985 (Option VIa) or in 1990 (Option VIb). The nominel intro-
duction period for the far-term aireraft was the mid-1980's, meaning that the first
forecest viar in which sipgnificant numbers could be in service would be 1990,

Option Vi« was included to test the effect of accelerated R&D on the propfe::
which mignt result in a pre~-1985 service entry for the NB5-200P.

The third fer~bterm option, desipgnated Option VIe, is haged on the two turbofan-
powered airplanes entering service in the late 1980's. Option VIA is similar Lo
Vic except that the N85-200 airplene is replaced by the N85-200P. Although these
aireraft have the same seating capaciby, the former has a much longer meximum stage
length, while the latter is more fuel-efficient at short and intermediote stages.
Thus, althougn only one propeller~driven airplane was provided In the study, it
appears in three of the four far-term aircraft options.

Considering the propfan options firsht, the sumary in Flg. 3 shows that
early introduction of the NB85-200P does have a noticeable impact, The early start
in building the N85-200P fleet results in a considerable difference in fuel saved
between QOptions VIa and VIb, In both cases, the baseline airplanes replaced by
the NB5~200P are the B-727-200 and DC»lO/LrlOll, larger and smaller baseline air-
planes are virtually unaffected.

Fuel savings in Options VIe and VId are considerably greater than in the
first two cases. However, this is to be expected because these oplions involve two
new far-term aircraft while the first two options involve only one. Furthermore,
the fuel saving advantage of replacing the B-747 with the N85-500 is considerably
greaber than the corresponding saving essoclated with replacing other baseline
airveraft with the N85-200 end N85-200P., As in the derivative and new near-term
aircraft options, much of the fuel savings can be traced to replacement of the
B-T4T with more fuel-efficient designs, perticularly on short, dense routes which
require a large-capacity airplane.

* Option VIe was not simulated, but merely sstimated. This case is discussed on
the following page.
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The annual fuel savings achleved in Options VIc and V7d become quite larpge by
the year 2000 when almost half the fleet consists of the new far-term airplanes.
Although the saving in cumuletive luel used in these two cases does not really take
effect until after 1990, the savirg in the last decode of the 27-year forecast period
is very large, resulting in a 12 percent adjusted saving in fuel over the baseline in
both cases, As observed ia other options, this latter pericd tends to dominate
cumulative sietistics because demand levels are significan'ily higher than in the
early periods ~~ a consequence of accumulated growth in demand (and, therefore, fuel
used) throughout the forecost period.

— A et rkd -

It is glear from the results of the {or-term optiong that it hes not been pos-
sible to treat pronfan-powered airplanes fairly in this study. To a large extent,
this is an unfortunate conseguence of the lack of consistent sssumptions in defining
near-term and far-term technolegies, which is, in turn, due to the lack of adequate
propfen data at the start of the study. This technology 18 only now emerging in
terms of credible performance information.

The results of QOption VI mey appear to conflict with data which show the N85~
200P to compare favorably with the N85-200 in fuel efficiency. Moreover, the better
fuel efficiency of the N85-200P ocecurs in spite of the fact that it does not benefit
as much from mdvanced airframe design (use of composite meterials) as the N85-200.
However, the N85-200 also has the advantage of a much greater renge, thereby per-
mitting it to compete on many mere routes., TFor this reason, its impact was greater,
although the differences between Options VIe and VI4, from which the impmets of
thege airplanes calu be compared directly, is quite small.

As noted earlier, the lack of a larpge-capacilty airplane wilth propfan power is a
major impediment to Optiona VIa and VIb., On this basis alone, a comperiscn of results
among the far-term eireraft options, or between the propfan cases and other options,
is not valid. In this regard, it might be argued that, on the basis of comparable
ailrframe technology, Option VIec might better be compared with Option V., However,
lack of a large-cepacity propfan-powered design precludes s fair comparison, even in
this case,

Therefore, it appears that further anelysis is required to determine the true
potential of the propfan ms an alternative to the turbefan. In view of the attrac-
tive fuel efficiency of the N85-200P, it is probable that this potentiel is signifi-
cant if properly exploited. TFor example, if it is assumed that a large propfan-
povered airplane would have the same fuel efficiency advantage over a turbofan-
powered airplane as it has in the 200~-passenger size, and that the economic perfor-
mance is about the same, results for an sll-propfan case can be estimoted as shown
in Case VYe of Fig. 3. fThese results, which are indicated by dashed lines to identify
them as estimetes, showv that significant fuel savings may be achieved with propfans.
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Fuel Savings From larpe-Capacity Alrcraft

Tor mony of the opbions where large savings in fuel are shown, one of tho most
: important factors has been the replescement of the B~THT on short routes where that
? airplane 1z not Tuel-efficient, In view of the mojor role thiz changeover ossumes
in the study, it is imporbant to understend how it comes about.

Of paramount importance i1s the gptudy asswumpiion concerming the fubure eapacitles
of major hub airports. Data supplied hy UAL for ten major hub alrporis suggested
| only about & 25 percent expected increase in overall capacity for air cerrier
movements over 1973. The implication of this estimate is that an increase in
demand of more than 25 percent can be accommodated only by an increase in average
seating capaclty of aircraft if extreme conpestion in to be avolded., Even if this
eatimate is coneervative, very large increases in capeeily will be required to
handle the demand growbth forecasted out to Lhe year 2000.

{5' Uoing the estimete provided by UAL as a guldeline, the frequency rules used

: in the fleeb assignment program were goneelved to restraiﬁbgrowth in air carrier
movements, particularly on the densest routes which invariably involve one or more
major hub alrports. The result 1o that the alreraft assigmment algorithm tends to
favor large airplanes on dense routes and cmall airplines on lightly traveled routes.
Furthermore, many of the densest routes are of relatlvaly short stage length.

The result was assignment of the B-Th7 o meny shorib-haul routes in the baseline
case., On some important routes, namely short stages involving New York or Washington,
D. C., the B-7U7 13 ruled oub because of limitations at TaGuardia and Nalionsl
Alrports. This means that frequencies on some other routes must be further con-
o strained to avoid congestion, thereby resulting in even more extensive use of wide
: bodies like the B-Th7,

An important implication of the use of the B-TUT is its relatively poor fuel
efficiency at short stage lengths. A consequence is that the advanced, more fuel-
efficient large aircraft achieve a greal fuel saving when assigned to replace the
B~Th7. This result leads to two significant conclusions: 1) the greatest fuel
savings are achieved by large airplanes, and 2) a large airplane with good fuel
effieiency at short stage lengths can have o grest impaet cn fuel savings.

Benefit/Cost Ratings

When consideration is taken of the benefit/cost rabings, the above comparison
of options need not bte gqualified. In the near terw, Fig. 2 shows that the ratings
are all very close to 1.0, and Lhose technology optlons which appear most attractive
(ITIao and IIIbl) do not suffer from the additional conglderations ineluded in cal-
culating the henefit/cost ratios. There are, however, some geins in relative rank-
ing by Options IVa and V which place them in a slightly more favorable light. Con-
sidering its moderate fuel saving and superior henefiit/cost rating, Option V may be
a good near-term alternative from this broader perspective.

o ' 20 : .
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In the long term, (Fig. 3) the fuel-saving advantages of the advwanced-technology
options are further aummented by thelr hipgh benerit/coct ratings, Turthermore, it
appears that Option V achioves & slight edge becouse it hag the highagt benefit/eont
rebing (due to much lower Government spending relative ‘o Option VI) end close to
the highest fuel efficiency.

Thus, despite the many additional facters considered in the benefit/coct
analysis, the implications are not significontly different than were found in the
earlier comparison made primerily on the baslc of fuel saved, thereby enhancing
the confldence with which the study resuwlts can be regarded. This rapport is
fortunate vecause it means that striving to save fuel is not inconsistent with
efforts to Improve the overall air transport system as messured by benefit/cont
ratines.

Actual and Adjusted Fuel anihgs

Some additional insights can be gained by compering the options on the basis
of actual and adjusted cumulative fuel savings continuously cover the forecest
period. This comparison is made in Fig. # for those technology »ptions which
achieved the best results in Figs, 2 and 3. The advantage of this presentation
is that it makes possible o determination of the best option for any perind out
to the year 2000. Rankings in actual fuel saved i1 the previous twe figures
appear on the bottom half of Fig. 4 for 1985 and 2000. Also indicated are the
numerical standings for all other years. B8ince the curves 1nterseet in many
places, it 1s apporent thet these numerical rankings are strongly dependent on
the period of years chosen. '

Furthermore, it can be seen that the relsative standings of the various options
are not the same for adjusted savings as they sre for actual pavings, Oince actual
savings may be somewhat deceptive as an indication of fuel ef'ficiency, the adjusted
sovings provide the better comparison. Based on this measure, three options (IIb,
ITTa,, and V} are the best alternatives for fuel conservation throughout the period.
However, whereas ITb is the bers cholece up until 1079%, 1t is ulbimately the worst
choice (among the options depic.ed) by 2000. Similarly, Option V does not cmerge
as the best cholce until 1988, and although Optlon IIIa, is dominant in the middle
period, it is a poor long-term choice. Note that, at the very end of the forecast
period, Option VIc hecomes better than Option V by a small amount. lowever, due to
the steep slope of the Option VIe curve, it would predominate in later years,

Although Fig. 4 is probably the single most descriptive exposition of the
resulis which emerge from +this study, it muest be interpreted with care. Because
the individual options defined for this study are very selective, i.e., each one
specifies o particular fuel-conservetion alternstive, and combinations of opbions
are not congiiered, not one of the individual opticns. including the besgeline, can
be thought of as a fukure scenario. Therefore, the interpretation of Fig. I must
be that the savings icdicated for any given option are probably the minimum that

* For the period prior to 1080 Options 1Ta and ITb are the same,
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CUMULATIVE FUEL SAVED THROUGH TECHNOLOGICAL OPTIONS
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might be achieved. Addjitional savings can be schieved 1if ceartain options nre com-
bined, particulorly Iif system improvements, such as Option IIb, are combined with
asircrafi techrology improvements, such as Options IVe, V, and VI,

Further insight into the relative potentinl of alternative options can be gained
by examination of the fuel efficiency trends presented in Fig, 5. These curves are
not cumulative results, as in Fig. k, nor are they gaino over the baseline, as in
Figa, 2 and 3; rather, they are actual values of fleet fuel cconomy for each of the
pelected options in eaeh of the forecast years conr cted by amooth curvea to show
the probeble continuity. It is evident that a substantial gain is achieved, even in
the baseline case, as brought nbout by both the ground rules of the prudy (load
factor of 58%, 10/90 first class/coach split) as compared with historical (1973}
practice, and the substitution and addition of the more~officient wide-body aircratlt
into the fleet. The effects of these meapures are felt strongly out to about 1980,
but very little further gain is achlieved in later years because of the limited oppor-
tunity to introduce a greater fraction of the newer ailrcraft, and becouse the wide-
hodies are used at increasingly shorter stares.

Above the haseline are shown the additional geins in fuel economy achieved by
the alternative optinna. Crossovers among the options are gimilar to those seen in
Fig., 4 except that the effeets of the more advanced options show up Immediately upon
introduction of the option rather than as effects accwrulate, as in Fig. L, fThus,
crosgovers occur earlier, an effect most noticeatle in the cape of the far~term air-
craft option {VIe) which dominates beyond alout 1092 rather than 1999, as in Fig. b,

Impacts of Fuel~Conservation Options

Although the technology options considered in this study have fuel conservation
as the majer objective, each option can ve expected to impact ihe various secctors of
the nir transport industry in other ways o well, in particular, airlines, menufac-
turers, airports, and government. The impacts were agnelyzed hy isolating particular
varameters whizh affect each sector, where the following list shows the parameters
used in each case.

Sectlor ronet Parameter
Airlines : Annual Fnplaned Passonpeor-Milos

Undeprecioted Meet Value
Fleet Feating Capacity

Marufacturers Amnunl Aireraft I'eliveries
Annual Value of Deliveries

Adrporto Annunl Adrport Activity
Ful' Capacity !'ned
Moise Fxpagure

fovernment Annual I'uel Teed
Annuel Fmiocsions
Cumulrtive Mpending

Air Traveler Farn
fervice (FPrplaned Pasg=i)

>
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The impacte are considered in the short term and in the long term, 1985
being used to represent short-term impacts and 2000 for the long-~term impacts.
All results ware computed as percentage differences relative to the bmseline case;
i.e,, the impact measured is the percent change of each parameter relative Lo the
baseline value,

A convenlent pummary of the impact analysis is presented in Table IV, which
provides a qualitative picture in a form which may be reedlly visuallized. Those
fuel conserving options which are beneficisl to the impauted sectors of the indnatry
in terms of advantages in the chosen paremeters are identified by plus (+) signs,
where the degree of benefit ils roughly proportional Lo the number of plus signas shown.
To evold redundancy in the visual ypresentation, several paresmeters which are some-
what similar to others on the above list have been omitted and, in the case of airline
impect, two parameters (pessenger-miles and fleet value) have been combined by Torm-
ing a retio of the former to the latter, a guantity for which a meximm value is
beneficial.

In the short term, the procedures option (IIb) is strongly beneficial to air-
lines and air travelers, and mederately beneficial fo manufacturers. The derivatives
option (IVa) is strongly beneficial to the Govermment, through fuel savings and low
apending, and moderately beneficiel to alrporis and airlines. The now near=term
aircraft option (V) is strongly beneficial to manufacturers and airports, and moder-
ately beneficial to both the Government and air travelers. The new far-term air-
eralft option (VIa) though favorable in emissions and noise, should really not be
considered in the short term because of its late introduction in the 1973-1985 time
period.

In the far term, the weight of beneficial impacts is seen to shift to the
right, with new far-term aircraft options (VIc and VId) becoming strongly beneficial
to the Govermment and airports and moderately beneficial to air travelers and manu-
facturers. Option V is of greatest benefit to the Government. However, even in the
long term, the derivative option (IVa) is seen to retain significant benefits for the
airlincs, the Government (in terms of low spending and moderately low fuel usage),
and airports.

Taken altogether, either Option IVa or V appear to offer the greatest short-
term and long-term benefits in the 1973-2000 time period. Option IIb, while treated
a5 a separate option in the RECAT study, is in reality not an alternative to one of
the alrcraft optior i, but one which could be coupled with any of Options III-VI.
Option VI, introduced as it is late in the period, would be expected to show up best
in the post-2000 years.
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wONCLUSIONS AND wiCOMMENDATIONS

Major Conclusions

Arbitrary Fuel-Conservation Measures

Increasing the price of f.el to the operator, whether introduced as a measure
to save fuel or by virtue of a bona file price increase, dows not improve fuel
effliciency because the required fare increase reduces travel demand more than fuel
use.

An arbitrary allocation of fuel is an effective means of reducing fuel and
increasing fuel efficiency, The mechanism 1s an enforced increase in system load
factor which, if imposed without a fare decrease, can save aignificant fuel.
However, the effectiveness of fuel allocation 1s limited to the extent that lond
faector can be increased without severely affecting service by rejecting demand. Of
course, this measure can be combined with technological fuel-conservation measures,
discussed below, to augment the ef'fects of both.

Operational Procedures Improvements

Based on the relatively coarse estimates provided in this study, improving
operational procedures, particularly if accomplished in conjunction with an.
improvement in the air traffic control system, may achieve a significant (approxi-
mately 4.5 percent) increase in fuel efficiency. The absolute fuel saving is minimal
(slightly over 1 percent) because the improvement in service results in an incresse
in travel. However, this measure can be coupled with technological fue.-conserving
measures, and can be implemented in the near term and at relatively low cost.

Modifications to Current Aircraft

The most effective near-term improvement in fuel efficiency is to modify only
in-production aireraft primarily with improved aerodynamic features (aerodynamic
sleanup, winglets, fairings). Fuel savings of about 3 percent by 1985 are aschievable
with a fuel efficiency improvement of about 3 1/2 percent. Far-term savings (to the
year 2000) rise to about 5 percent but are overshadowed, in that time perled, by the
potential of other technological fuel-conserving options.

Derivatives of Current Aircraft or New Near-Term Aircrafi

Derivatives of current sircraft, specifically a long-body derivative of the
1-1011, or new aireraft utilizing current technology, result in about the same
{mprovement in near-term (to 1985) fuel economy (about 2 percent). The benefit is
limited because these aircraft cannot be introduced early enough to significantly
influence the system in this time period. 1In the far-term (to the year 2000), these
options result in impressive fuel savings (about 9 percent) and increased efficiency

a1
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(11 percent for derivative aireraft and 13.5 percent for new aireraft). New aircraft
require a significantly greater expenditure by Government and operators but achieve
service and environmental tenefits to the extent that, of the two approaches, they
have the higher benefit/cost rating.

New Far-Term Aircraft

Because they cannot be introduced early enough to have maximum impact by the
Year 2000, new far-term alrcraft show only slightly greater benefit in fuel saving
(11 percent) and fuel efficiency (14 percent) by the year 2000 than new near-term
aireraft or derivatives. However, because they are fundamentally more advanced air-
craft, and because travel will continue 4o increase in the future, new far-term air-
craft would become the preferred option in the post~2000 period.

While the study showed turboefen-powered eireraft to offer greater fuel savings
than propfans, this result is not fundamentally valid. Design of propfan aircraft
utilizing the same aerrodynamic end structural technology as the turbofan aireraft,
and in the same size class, would produce slightly better fuel efficlency than that
computed for the new far-term turbofan aircraft ophtion.

General

The increase in travel demand, particularly on dense routes, many of which are
short-range, requires large aircraft with good short-range economics and fuel
economy in order to avoid congestion problems at major hubs which have limited
potential for an jncrease in capacity.

Recommendations

The UTRC portion of the RECAT Study did not provide a strong basis for the
formulation of technology recommendations. Technology aspects were treated by the
other contractors in the specification of aircraft designs, and these designs were
employed in the fleet forecasts. Nevertheless, some of the primary results of the
UTRC study do have implications for future research and technology effort.

Rec. No. l: Design of a large-capacity airplane aimed at good economic and fuel con-
‘sumption characteristics, specifically for short and intermediate stage
lengths

The increase in travel forecast for the future, particularly for the dense
routes invelving major hubs which have limited =2xpansion capability, requires the
use of large mircraft to avoid unduly increasing flight frequency. Despite the
fuel savings that were estimated in the derivative- and new-aircraft options, the
large-capacity airceraft which generated the savings were not necessarily conceived
with good short-stage economics and fuel efficiency primarily in mind. It would
appear, therefore, that even greester fuel savings would be achieved if an advanced
wide-body airplane were designed specifically for the short- to intermediate-range
market.

28
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Rec. No. 2: More preclse determination of the cost incurred and fuel saved by
Improvements 1n operational procedures

0f all the fuel-conservation alternatives, procedural improverents offer the
most immediate fuel~conservation benefits. Even though the fuel savings which are
achievable by procedural changes may only amount to a few percent, the fact that
early implementation is possible, plus the likely compatibility of procedural
improvements with technology sdvances, makes this alternative worthy of further
consideration.

It is recommended that further study be made of operational procedures in order
to ascertain the real fuel savings that can be achieved and to identify the costs
involved so that the probable implementation of the pracedures can he addressed,

Rec. No. 3: Design propfan- and turbofan-powered airplanes with egquivalent techtic-
logy assumptions in order that a falr comparison can be made between
these propulsion alternatives

The true fuel conservation potentisl of the propfan was not determined in the
RECAT study heceuse only one propfan-powered design was incorporated in the far-term
ailrcraft options, and because the size and airframe technology assumptions of that
design were not entirely compatible with the far-term, turbofan-powered desipns.
Nevertheless, on the basis of fuel efficiency, the propfan airplane had an advantage
over an equal-capacity turboefan airplane. Therefore, there is good reason to believe
that fuel would be saved by switching from turbofan to propfan power if the comparison
vere made equitably. It is recommended that several propfan and turbofan degiyns be
made with seating cepacities from 200 to at lesst 400, and with completely compatible
asgumptions regarding airframe and engine technology. These airplanes would then be
compared as alternative options for further fuel conservation. The more promising
propulser would then be utilized in the scenaric counparisons recommended below.

Rec. No. 4: -FPurther study of a realistic sgrenario (or scenarios) which combine dis-
ocrete fuel-conserving options for maximum benefit

A final recommendation relates to the question of hkow ‘to better estimate the
actual fuel savings advanced technoleogy will bring. The nature of the RECAT options
was quite selective: each one provides an indication of the conservation potential
of one particular development and its implementation, but no single option, including
the basgeline, describes & likely fubture scensrio. Therefore, strategies for future
fuel gsavings cannot be well-Tormulated on the basis of present FECAT results. Rather,
the best RECAT options should he considered in varicis combinaticns to determine which
options complement each other and which conflict. The potentinl savings available
from an evolubionary strategy in which procedural and technology improvements wre
viewed together, rather than as alternatives, would provide a firmer basis for research
and technology policy formulation. The model assembled in the RFCAT study, and the air-
craft date which were generated, are well adapted to further analyses of this type.
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DATA SUMMARY

It is not possible, in this condensed suwmary report, Lo provide more than a
small part of the data generated, by UTRC, in the RECAT study., Tor a complete
description of the methodology, discussion of resulis, and presentation of data,
the reader is referred to the final RECAT report, UTRC R76-912036-16.

However, the mejor resulis of the study, as presented in earlier gections of
this report, were derived from the running of the UTRC Demand and Fleet Forecasting
Model, The resulis of those computer runs have been summarized, for all fuel-
conserving options end suboptions investigated, in a series of tables reproduced
herein on the following peges (TablesV-XI). These tebles are, to e large extent,
gelf-explanatory and help the reader to understend the resulis summarized earlier,
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