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ABSTRACT s stable regions of the wrld, bat intercational : P
) ) treaties wonld still wmske the United States B
' The Departwent of Eaergy Alteroative Fuels susceprible to distuptions In the Mlddla -
“o -gedlization Program encompasses a wide range ©  East. Shen coupled with the recognition chat i
" _.of applied research activities and receatly proven domestic petroleum Teserves have K
undertook implementatfion of . the Federal dropped by 307 ‘since 1973, despite a doubling el
Methanol Fleer Project. Research is conducted of exploratory drilling, the €acts bear out ?.
on varfous forms of syathetic fuels. and that the o1l  problem, though rteaporarily .
alcohol fuels, examples of which sre described dormant, is still with us. The primary goal
. 1n this .paper. The Federal Methanol Fleet of AFUP is to assure the availability of tech—
.began -operating its first group of vehicles in «olegy for, and eliminate barriers to, the use
.-7 November  1985. The findings to date and of +viable 4slternsrive traasportation fuel
~ _future plang are susmarized in the paper. - options, 'so ‘industry can Eill teaporary sud ,_
- . “long—~tera gupa ben-een petrolema supply and b=
) K . . demand and reduce the nation’s dependence on 1.’
S THE ALTERNATIVE FUELS UTILIZATION PROGRAM perrolenm iwports by -using abundsnoc Indigencos >
- . curreatly encompasses Two- significant projects CeS0UTCesS .« s
* 7in alternative tramsportation fuels:z [11 the Although argusents abound regarding when f;"‘
° Alternative TFuels Ttilization Project, a long the price of oil will rtise significantly or -
i~ .range activity of applied research and  devel- when the next supply disruption will occur, =
7 “opment [2] The Federal Mecthanol Fleet Projecrt, there is & clear consensus that price shoeks =~ -
¥ “an effort initiated by Coogress in FY 1985 to aod disruptions will occur with wmdesirable - L —
: . introdice wethanol vehicles into the fleet of Tesults. It follows that it is difficulc ro -
Federally—owned - vehicles. “The overall objec—- - pinpoint a date by which ir is essential that - :
tives  and summaries of activities axe .de-— alternative fuels technology be vesdy for ume, = ‘ %
 scribed In this_paper. The Oak Ridge National but it is clear that the wneed 1is inevicable ?“ﬁ'
Laboratory serves as field p:oject office for and 1its readiness will lessen the impact of =
" both, projects. .0 ] . supply disruptions and may even help stabilize R
; = . - °  the worlé oll situation to avert distuptions... =~ .
‘ALTERMATIVE FUELS muz.-mo-: RED PROJECTS . The development of processing techne- . ...
T (AFDPY - ) logles for production of non-petrolem—derived_\ C—-
o I - ] . - fuels . is certainly dimportant in alleviating ~. =
5 co.eu.s _PURPOSE, SCOPE — Dependence onm. im— . ‘dependence on imports ‘but indeed deficlencies P
£ .. ported petroleun remalns a significant cthreat & - in utilizacion technologies have stymied the My
2 to the parion's well-beimg. It is Ctrue that . adoption of alternacive fuels as much as have N
z. pertrolewn consumpticn in the United Srates de— . the technical shortcomings In process tech—. #
“':. greased for a period from 1978 through 1983 nologles. For iastance, most current tTrans— :
¥ .- but consumption 1Is now 1increasing and has portation eugines require a liquid hydrocarbon
reached the same level as in 1975, a time when fuel with at least 11127 hydrogen by
the ~“ofl crisis™ wss freskh Iin mind. It is . wefight. Hence a great void exiscs betuween
. further true thar iImported petrolewm now comes fuel requirements and abundant Tesources such ° 1
- to the United States from uwore poltt!.t:ally as coal, a solid with &5 hgdtogen. 5

*Rsearch sponsored by cthe Altema!:ive Fuels Ucilizacion Progran, Office of Transpertation Systems, .. = .
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-~ Attempts to cross this wvoid have typl-
cally placed the technical burden on rhe pro—
cess techmologies and have resulted in fpels
that are perceived to be marginally econocal-
cally wiable for the most part. AFUP activi-
ties strive To determive 1f some of the burden
could he shifted zo the utilization side. As
a - further esmaple, technical deficiencles oa
the otilization side have inhibited blanket
subgtitution of methanol for gasoline due to =
nomber of reasons such as the Ioabilicy of
engines To compensate for minor changes in
foel properties and materials Incompati-
bility. BHence R5D under AFUP is considered to
be nariomally. significaar with potentially
large payoff..

AFTUP curtently addresses six classes of
fuels: (1) new hydrocarbon fuels. (2) syn~
thetic gascline and distillate foel, (3) alco-
hol fuels, (&) advaoced fuels, (5) emergency
fuels, and (6) =methsne and _related gaseous
foels. More detailed definitions of these
classes are provided 1in Table 1. Work on
advanced fuels (hydrogen) and emergency fuels
{iacluding heating ofls, residual oils, vege—
table oils) is essentially complete to the
degree warranted by overall factors, leaving
the existiog eaphasis on the vemaining
clagsas.

Table 1. AFUP :-u.'!:'l.vity areas, classified by fuel type

The evolutioa of research projects ia Few o3
Hydrocarbon Foels, the receat findings i
those projects, snd the {dentification of ¥
unsatisfied iodustry weeds have led to rede—3g
fining future work. The area of new eaphasis, -
in esseace, separates out the moTe generic
fuel/combustion research from those aspects
onique tTo s particular fuel. Thus, a new re— 3
gearch area that cuts across practically all J3%
fuel types, Combustion Enhancement, is 1n the
planaing stage. 1Ir 1is ooted chat some activi- -N
ties already undervay could be classed a= rep~ 2N
resentative of this new topical areas. e
The scope of AFUP work covers alternative:Z§
fuel distribution, utilization, and eaissfous, .t
wicth the focus on mctilization. However, the g
scope of interest, coacern, #nd cootrdination ¥
covers the entire spectrum of topics in alter—";3
aative foels from resource through the effects ‘G
{es+g+, enviroomeatal} of their use. .

A

DESCRIPTION OF TECHNICAL ACTIVITIES — s a3

New Rydrocarbon Faels — The long-term ob~
jective In this classification is To idencify 9
the optimum cosblostica of
ing/eugine techuology in teras of efficiency,. =
enviroomental acceptabiliry, and markets—
bility. The objective strives to reduce the- 3
void between the requirements for foels uvsable

Fuel: cl;'ss

= bescriprion

(1) New hwirocarbon fuels

(2) Syathetic gasolise or distillate fuel

(3} Alcohol fuels

(L&) Advanced Fuels "-

(5) Emergency Fuels

{6} Methane and related gaseous furls

i
i
!

5

Non—petroleun hydrocarboe
fuels which, though perhaps
simflar to conventional.
fuels do not meet curreiit
fuel specifications.

Non—petroleun gasoline or
diesel fuel whith essen—
tially meet current fuel
specifications.

Oxvgenal:ed fuels, ie
general, oot limited to
ethanol or methanol.

Fuels highly dissimilar To
conzventional fuels soch as
hvdrogen and carbon slurty
fuels. ’

Finished fuelw and wvarious
liquid hvdrocarboas which
might be blended and utl-
lized in an emergency fuel
shortage where conventional
fuels have becoeos scarce-

"

Includes naturai gas and
liquefied pa2trolewr: gas
(LPG), that can be sucb-
stituted for conventional S
nutemoti.ve fuels.
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in woderan eagloes and the chavecteristics of
foels that <an be economically produced from
domestlc resources.

The work breakdown for npew hydrocarbon
forls fnclodes three major areas:

{1} Assessment and stadies of synthetic
foel prodoction and processing, and of social,
marker, and enviroamental comstraiats.

[2] Screening tests of avallable sy
fuels in combustion engines (both conwvearioaal
and developmental eagines)

[3] Combustion Enhsncewmeut Techoology
where research is conducted and applied "toward
problems md barriers ideatified in [1] md
[2] abowe. Efforts are conducted in this ares
to exaxine and develop the best techniques for
using new hwirocarboa fuels.

Assessments and Stodies — Takiog wmany
prior investigarioos at face valuoe, cooverting
coal to current especification gascline and
diesel fuel i1s probibitively expensive via

practically any nown process. Wnile shale

econonrics appear to be more favoradle, There
is still a sizeable disadvantage velarive to
purchased petroleum. Mach of tbe cost in syo—
fuel prodoction is asssoclated with produciog a
synthetic crude bdut s significest further coet
(mach the same as with petroleam) is Incarrved
in processing -the swcrude ifato specificatioa
fuels. Recently, AFUP spoasored the Engineer—
ing Socletles Commission oa Energy (ESCOE) to
try to quantify [1] che amount of finished
fvel processing that could e backed out of
the conversion, (2] the resource savings
resulting from this approach, and [3] cthe
feasibility of developiag transportation
engines to use these relaxed specification
fuels without compromlising endwoge effi-
clency. Economics were not coasidered in the
sfudy. .

Through refinerv analysis and review of
synfuwel processing experiments, the relacive
amounts of coaversion and final processing
energy were estimated (Fige 1)« A panel of
industty and acadenic esxperts were assembled
te review engine technology and its adapta-

PROCESS/CONVERSION ENERGY
. P~ mEQUARED TO OBTaANe
b STABLE, SAFE
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Fige . Illustratioan of the resource

energy requirements to produce traansportation
fuels. -

bilicy to -inmny processed fouels.
aary, the coaclusions were:

In see—

1. There Is a2 notable, though oot over—
whelning, potential for coal and shale conser—
vation by adopting uwse of fuels that have
relaxed, but ressonable, specifications.

Z. There is a sianilar, actually sosevhat
larger, consetrwatloa potenctial for petroleom
1f the minisally processed foel is fntroduced
in petrolewm refiniag.

3. There ate engloe techmologles that
have potentizl for successfully using wmini-
mally processed foels. Asong the top candi~
dates were the direct injection stratified
charge (DISC) engioe sad Jlov-hest-rejection
diesel.

Althouwgh further study of the econowics
of processing wew hydrocarbon, wminimslly pro—
cessed foels is needed, the potential for coo—
setvation of various resources appears suffi-
clent for iacressed emphssis In this area.

Screening Tests — These experiments are
coanducted to deteruine the general compati-
bility.of new bpdrocarbon fuwels with wvaricss
engine technologies. TFor the wost pert, such
efforts are Inteaded to {dentify problems.
For exmmple, a Deere beavy doty engine has
been receutly tested with a wvariety of fuels
from coal, shale,mufaadsﬂ:hm
tusbders a8 lov as 33 (1). With these fwels,
the biggest challeages appear to be in coo—
trolling particalate. eaissions .and cold-
startiog.

Combustion Eshancement — Since new rpdro—
carboc fuels tepresent significant departures
from coaventional fuels, impact studies and
engine Colersnce evaluastions for coaveational
and advanced engines must be made to determine
the owverall tradeoff bLetween processing effi-
ciency ad end-use efficiency. The large oum—
ber of :fuel/engine experiments that have been
sponsored is Indicatfve of a gemeric technlcal
shortcoming fn that

1. Fuel propercties, as currently charac—
terized, are oot reliadle fndicators of engine
performance and emisslions which 1s the case
largely becagse -

2. TDhe dJdominant fuel parameters and
engine wvariables,  and how they Interact iIn
conbestion, remain poorly wunderstood. Proj-
ects Tecently carried out in AFUP have con—
firmed the need for and elusiveness of this
informarion. This problem, Tather geveric ia
nature, 1 seen to reguire expansion of the
experinents on fuelfengine interaction that
have thus far been carried our vnder the Yeouw
Hydrocarbon Foels arca.

Generallv., It appears that the deficien—
cles in technology and data In the combustiion
of many alternative fuels are the same that

*umbere in parentheses degignate refer—
ences at end of paper. :
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. tiom In tThe diesel was
affectad by Jistillacfion effects doriag the

exist regarding the cosbustion of coaventioaal
foels. Iodesd the decades of experieace sod
empirical {nformmtion available for englioe
combestion of petroleam foels hewe geverally
been eufficient for Iodustry’s wse dmt this
wealth of information Is ouly partislly appii-
cable to synthetfc fuels. Ferthbermore, Iio—
creasing demands for engine efficiency and low
exissions, coupled with the changing composi-
tion of cooventionsl fuels, 1s refnforcing the
need for more dats to improve cosbustioo tech—
mologies even with conventiomal fuels. This
expanded vesesrch sTes in AFUP, cufrestly in
the plsoniog mod evalostion stage, has been
teotstively entitled Combustion Fnhaacement.
The major sctivities in Combmstion Enhancewent
are plaumed a8:

I. Isolating fuel property effects om
combustion from combustion system (engloe)
effe:u

Exmaining aad developing combesticn
m:e:holoy:oemueofmf-eh

3. Investigating the extear that fwel
composition, additives, etc. can be taflored
to improve the use of new fuels, sad

* &e Integratisg [2] and [3].

) Ao exmmple of projects in this classifi-
cation was recently cospleted at the Univer—
sity of Wiscoasin (2). Six specislly blended
diesel fuels were tested fn an open-chamber
TACOM=LABECO single—cylinder Jdiesel engive at
turbochsrged conditions, to determine 1f cChe
chemical composition of the wolatile fractiom
of the feels had a significant effect oo per—
formance and emissions. The tests show Chat
for this engine, which has a moderately high
swvirl and a four YWole mozrzle, the effects sre
very small. Additional tests were rum, with
these same fuels, In a homogeneous autoignfir—
ing wode ro determine If Ignition treads were
simflar o those produced by the heterogeneous
diesel fIgniciom. The ignition delay trends
were found to follow the samé pattern, relo—
forgcing the conclusion that the fwel combas-—
ot significantly

vaporization process. The plaaaing of fatere
activities In Combustion Enhancement 1Is wader—
way. Futare profect plans (peblished) will
show this as a separate Topic area.

An- ensential function in research of this
aature I1s the supply and analysis of test
fuels. This is currently performed at South—
west Research Institure who, wunder coatract,
operates the DOE Synthetlc Fuel Center. MoYre
detalls of the operation can be found In Ref-
erence 3.,

Svathetic Casoline and Distillate Fuel —
The primlpal obhjectives of the prolects in
this classification are to identify, study,
and resolve problems of using mnon-petroleun—
derived fuels that esseatially meet current
fuel spectfications. Since fuel specifica-
tions can be oot by Suwels wvarying widely in
chenical nakeup, engine experiments are Tun to
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"in variocas engines, and discovering and solv-

foel-related amoualfes Chat

forls.

Alcobol Peels — Alcohol fucls mmsr o
sarily be divided iInto Tuo t-bchues '
(1) extenders In the form of blends, and3
(2) near foels for essentially toral substitp]

tica. 1In the AFUP, interest 1lies io the broads

pal csndidates in this class.
related to alcohol fumels are:
Near-Tera Objective — The oear-ters
jective of testing and evalosting alcobol/ PR
gasoline blends in commercial mnd goveroment “iP
fleets has been met. Solurions to probless
have been werified, and the practicality and
relisbility of blends in chis cowntry hawve
been demcastrated. Commercial blends of etha-"
nol, wethanol, higher-order alcobols, and R
mmmmhm_m:m
Although coocrete dxta from the use of slcohol 4§
blends Io fhe current wehicle populattocm
scarce, the receat dJdownturn in the marketa- '
bilicy of alcohol blends indicates ddesprud
public skepticiee regarding the compatibilfity
of current wehicles and slcohwl/gasoline
blends. -
Ters Objective = The longer term
objective of defining aad evaluaring new sys—

tems has  lsrgely been completed. Thesge
efforts focused on optinlzing resource/
engine/fuel systems based on alcohols, con

firming emissioas asod efficiency improvements

ing problems assoclated with the uvse of alco—
hol foels.

Presently funded projects are, for the
most part, directed toward the longer term ob—
jective. TResolution of the cold—start issoe
is not entirely in hand as yel, bat concepts
ahould be approaching readiness for demonstra-
tion within = year. Experimental data on the
ultinate efficlency of an engine optimized for
methanol {(as opposed to rests with modified
conventional engines) are not complete, but
funds are currently wenavailable for a2 signifi-
cant effort here. Emt sslons repulations for
methanol vehicles are being developed by
EPA. Aldehyde emissions for alcohol fuels are
significantly higher than with gasoline, but
they appear to be controllable by cazalytic
converters. The extenr to which emisslons
regulations will require new control tech—
nology 1s unclear at this cime, but does not
seen to be extenslive.

METHANE AXD RELATED GASEOUS FUELS — The
AFUP objectives for gasecus fuels are:

I. Tc test and evaluate gaseous fuels as
substicutes of extenders fIn current gascline
and diesel engines, permitring determinacion
of performance and emissions characteristics



and of the poteatial for improving engine
chermsl efficlency.

2. To mssess fnstitutional =nd safety-
related fssmes associated with the ose of

gaseons foels.

Since the technology for wsing gaseous
fuels in aswtosotive heat eungloe/vehicles is
well established, DOE's role 1is focused om
studies sad/or specific R&D projects which in-
dastry comnld not be expected to accomplish.

Gaseoovs foels were added to . the AFUP iIn
Fiscal Year 1981 becsuse the Congress of the
Onited States expressed faterest in the wse of
merhane (oatural g=s) a8 a trsesportation
foel» The DMethane Tramsporcation Research,
Development, and Demonstratioas Act of 1990
(FL 96-512), enscted 12 December 1980, focnses
oa the expanded use of wethane as a fowl for
fleer—operated vwehicles. Implementation of
che Act is the respousibilicy of DOE's Office
of Trsasportation Systems, though no funds
were ever sppropristed.

OFNL. 13 co-sponsoring a project with
other industry and State sroups (o deternine
the cootaminant levels of pipelise nateral
gas, incleding bhydrogen solfide, carbon di-
oxide, water, oxygen, and other sster-soluble

suolfides, To assess the ored for rvesearch fato

the role of contsminsats In corrasion of on—
board wehicle storage systems.

A siogle methane wtilizatioa project is
wader way, dealing with methane as a diesel
engine foel. This 1s being conducted on 2
ratilrvoad engine thereby extending the applica-
bility beyond thar for highway traosporta—
tion.  Ower four billion galloas of diesel
fuel are uted antmally for rall trassporta—

tion. Natural gas offers potential as a less
costly, more abundant altermative and 1zs
storage and refweling requirements, which

hinder methane's acceptance for highway trans-
portation, should present few problems for
rail application. The unique aspect of the
project 1s the investigation of high-pressuve
direct methane injection which should allow
more efficient operation of the engine than
curreatly found iIn conventional dual-fuel
engines.

AFUP PROJECT PLAN — OR'H'»L publishes proj-—
ect plans which provide detailed descriptions
of each task. The first such document was
published in January 1986 (4) and an updatel
version is currently-belng prepared. Interes-
ted readers. should refer to that docuzent for

" expanded descriptions of individual tasks.

FEDERAL. METHANOL FLEET

. LEGISLATIVE ORIGIN AND BACKGROUND — In
the fiscal year (FY) 1985 Continuing Resolu-
tion, there was an appropriation of $5980,000
to DCE for inttiation of & Federal Methanol
Fleer with the reguirement that the demonstra—
gion be closely coordinaced with a si=ilar one
begun by the Department of Defenge (DOD). The

: Continuling Resolutlion referenced “a section of

105

a Bll that had been iInctroduced, but notC
passed by Coogress, and instrected DOE to 1o
plement the Federal Methmol Fleet 1o sccord-
ance uith the provisions of one of the sec—
tioas of that bill. Section 105 of H.R. 5048
provides the congressional guidelines for the
Federal Methamol Fleet. Thoze gaidelioes are
sumsarized as follows:

1. Ponds provided are for Inctemental
costs associated wvith methanol only.

2. A lesst one of the sites at which
sethanol—fweled wehicles will be assigned most
be in a ¢cold climate.

3. Performance including fueel ecoocar,
enissions, aad vwehicle - safety must De
asseseed.

4. Costs of operation and maintenance
mast be assessed fa comperisca to those costs
for gasoline wehicles. .

PROJECT STEATECY AND APPROACH — The phi-
losophy for operation adopted by DOE in this
project 43 that wethaool-foeled vehiclee
should be introduced into the Federal fleet in
a msoner common to sad consistent with the
present use of gasoline—fuorled wehicles. It
seened relevant that private indostry should
be iovolved in the commercial aspects of the
project, incleding both the fuel and Che wve—
hicle aspects, while Federal agencies would be
fnvolved in the acqeisition and operation of
the vehicles,.

It was rvecognized early that this project
is characterized by neither established speci-
fications for, nor commercial availabiliry of,
the products Chemgelves, l.e. methanol-furled
vehicles aad fuel wsethanol. Furthermore,
there iz no methanol foel distribution experi-
ence oun a national or regional basis nor dedi-
cated Zispensing equipment, except for H.u'u:ed
factilities in California. , '

Based on these observatioas, It was de-
termined that a tuwo—phase fleet project was
appropriate. In Phase I, limited quantities
of late—model wvehicles wodifled for fuel meth-
anol according to state—of-the art preproduc-

tion technology would be operated. The objec—
tives of Phasa I are as follows -
1. Establish 1Inftial fleer operations

and fueling sites.

Z. Conducr operations with counterpart
gasoline—powered cooparison wvehicles on a4 one-
o=one hasis.

3. Structure test controls, monitoring,
vehicle operation and testing, data collec-
tion, and analysis activicies. -

4. Augment current informarion pertain-
ing o user-agency b-enefttu of methanol-fueled
vehicles. -~

S. Provide the wpechanism and framewnrk
for operator purchase of appropriste methanol
fuel,.

f+ Provide Iinputs for Phase II opera—
tions. .
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1. Ucilize Fhase I data to establish or
apgrade wehicle and foel specifications.

2. Procute vehicles using GCeveral Ser-
vices Administraticn (GSA) purchase and allo—
cation policies.

3. Expand the mumber and/or eize of
operatiousl sites -in econforaence with pur-

&. Verify operatiounal resulrs oo & Tep~

During both phases of che project, cloge
communication will be sminrsined among Iindus~
try participsnts, the program and project Man~
mﬂ.nd:heﬂeetopenm.tnddum
to Indestry lisison, cooperative ries will be
established with other Federsl and State agen—
cles, although DOE and DOD activities will be
eaphasized.

Strategy for Phase 1 Vehicles — It was
planced that the Phase 1 test fleets would
coasist of the following typex of wehicles:
(1) gasoline-fueled vehicles coaverted to
methanol use without Increasing engloe com—
pression tatio (CR), (2) the same as (1) but
wich increased CR, sad (3) ommodified gaso—
1ine-fueled <cars -to serve as control ve—
hicles. Some of these wehicles would be
specially adapted for cold weather operation.

Even though It was recoguized thar Phase
T wehicles woald wor come from ome of the U.S.
aste maoufactorers as ovigiaal egqelpment,
-pevertheless It was desirable that coaversion
be done either by a manufacturer or by a sup-
pliers with proven experience 1a coaverting
gasoline wehicles to methaool vehicles. In
the latter case, it {s required Chat the sup—
plier have some close ties with the appropri-
ate aato samafacturer({s).

Scrategy for Phase 1 Data Acquisition —
thase 1 data acquisition should serve to
clarify perceptions and help to focus the
direction of Phase II. At the same Time, any
data collection should bave ninimem impact on
a fleet®s operatioms In order o ensule reli-
able data without burdening an agency with too
much.

Therefore, it was decided that only mini-
mal data would be required of acy participat-
ing fleet. Mmose requirements would include
the following for both the methanol cars as
well as the coaparabie gasoline control cars:

1. Refueling data including odometer

resdings and anount of fuel.

*GsA 1s the procuring agency for all
Federal vehicles. .,
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2. friver tesctious to the operation wof
the wvehicle including ease of starting --aadg
drivesbilicy.

3. Vehicle maictenance records for
malintensnce.

Special testing and dats Ceportivg sty
certain iatervals in rhe vehicle's op
would also be reguired. The lobricatiog .oflgl
should he tested st regular intervals for
wvehicle to determine such paraseters as
centration of wear metals, totsl base oumbe
viscosiTy, fuel dilatica, etec. It also..wm
plammed to test each participeting wehicle on-=
Che U=S. Federal Test Procedare both befer
ad after comversion to wethanol. her=Y
more, emissions tests would be coadncted
spproximately ooe-year 1intervals, after
inizial test.

PROJECT STATGS — At this time, one
has been fully operariomal sioce November 1.5,
1985, 2t Lavrence BNerkeley LaboratoryY, & DOE;
facility in Berkeley, Califoraiz. Two other o
DOE laboratories have made comsitments CO par—y
ticipate in the project; Argoone Rational.:’
Lsboratory, near Chicago, IIlinois, has agreed -
to be the site for the cold—weatber fleet; and -
Oak Ridge National Laboratory, In Osk Ridge, -
Termessee, has agreed to participate. Resrly- -
all civilisn departments of the U.S. Govern
aent have been contacted and briefed about the .
project. Out of these coatacts a mmber of
departments andfor agencles have indicated an
interest snd willingness to participate, Mt
fn most cases, circumstances have precluded
their participation in Phase I of the project.

In addition to the three DOE laboratory
aites for fleets mentiomed above, It is ex-
pected that there will be pethaps, one meth—
anol car prepared for use in the Washiagton,
p.C. area as a means of promoting the proj-
ect. The remainder of this section will deal
separately with rhe status of the fleets at
the three DOE laboratories.

-
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Lawrence Berkeley Laboracory Fleet

Fleet Description and Methanol Conversion
Detafls =—— Ihis fleert has been operating at
Lawrence Berkeley Laboratory (LEL} since
Yoveaber i, 1985. 1he ten cars involved In
the project are 1984 Chevrolet Cicacions with
carburetted 2.8 liter V-6 engines awl  aoto~
matic transaissions. Five of the Clitarioms
were converted to operate on methanol by the
Bank of Aderica (BoA). Major elemeats of the
BoA conversion include replacing some fuel
lines and carburefor materials: electroless
nickel plating of the carburetor; enlarging
the fuel wmetering jets; replacing the head
gaskets: and a larger fuel tank. No change
wns made in compregsion ratic.

Initial Emissions and Fuel Economy Re—
anlts -—= Emisgions and fuel ecomomy fTests of
the five mnerhanol Citations were petformed
hoth before and after coaversion accotding fo



fhe U.S. Federal Ealssions Test Procedure
{FI?) st the Univercsity of Santa Clara. Re—
gults ©f those tests are presented 1In
Table 2. Totable 1o Tadle 2 is the fact that,
for the five—car sverage, enlssiocos of carbon
msonoxide sod oxides of nitrogen are reduced
coasiderably wvhile emigsions of hydrocsrbons
are increased safter couwerting o methancl op—
ecation. The cowparisons of fuel econoomy on
an eDergy coarent basis before snd aftes con—
wersion are vather interesting alsc, showing
che efficiency with sethsnol o .- be elightly
lower tha with gasoline 1in every case.
Please note that. tic emissions Cests on the
cars after cooversion o wethanol wers per—
formed with JoA -fuel which consiscted of BEX
methsool by voluse snd 12X unlesded gasoline.

Table 2. Smissions sod foel economy of five
Cleatioas before and after conversion

Enissions .
Vehicle ID (g/siles) Fael econcwy
(Licenee #)
© He o, /100 m  im/CS
E-367533
cs)‘; 2.21  0.39 0.79 12.3 252.1
{m}) 1.37 0.9 N.66 24.1 233.9
E-3675&
z) 786  0.21  1.15 12.3 252.9
(m) 238 05%  1.06 23.0 2465 .0
E-36755
f 4] 2-32 0.19 0.9 12.3 252.6
() 2.2 0.75  D.80 24.6 229.2
E-36756
(€3] 2.89 0.20 1.0l 11.9 261.%
Cu) .28  1.27 0.53 24.5 230.2
E=26757
(€3] 19.91 D.bic 0.9 12.9 269.2
(m) 1-53% 0.7a 0.29 23.6 2.
Five—car
aAverage
(=) 624 0. 0.97 12.3 753.4
(m) 227  0.87 N.67 231.9 235.%

Yinleaded gazoline {per FIP tequirements).
Zr8% metvanol plus 122 unleaded gasolime.

Data Acquisition Requirements at LBL —
Copi»s of all wmaintenance records for all ten

cara, vwhether the maintenance is routine or
unscheduled, are sent to ORNL. Logs of all
refueling transactions for the ten cars are
waintalined. 01l sample analysis 1is being
handled by the Belvolr Fuels and Lubricants
Research Laboratory located at the Southwest
Research Institute in San Antonio, Texas; and
they keep all records as well as forwarding
coples to ORNL.

it was deened appropriate to obtain
drivers’ perceptions of the methanol cars as
compared to their perception of the gasoline
csrs. The data Tequested each time a driver
checks cut a car follows: date, driver name,
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. sented ia Table 2.

time out, Cime in, destination, odometer out,
aad odometer in, plus the driver's assessment
of - ease of starting and driveablilitr. This
assessment 1is dore by requesting that each
driver rTate setarting and driveabllity merely
by placing a check mark under either “Good,”
“Average,” or “Poor™ after the trip has been
coupleted.

Results to Date from LHL Fleer -~ Table 3
and Figs. 2 and 3 sommarize the primary re—
sulcs from the LBL fleet to date. TIn Table 3
the gross data in terms of noumbers of trips,
total =iles, average miles per trip, and aver-
age foel economy is presented for each of the
ten cars a5 well as aggregate totals for the
£ive cars In each category ~— methanol or gaso—

iine. It can be noted that there is not much
variatfon in fuel economy awong the wmethanol
cars or among the gasoline cargs. The differ~

ence In fuel ecomomy between the gasoline cars
sod the methanol cars is in about the same
ratio as that for the methanol cars vhen com-
pared before and after conversion, as was pre—
The total miles and
average miles per trip for the gasoline cars
will probably always be higher than the meth-
anol cars since only the gasoline cars have
been used for the longer, overaight trips.

Figures 2 and 3 show graphically rhe
average of the drivers' responses to the gues-
tions of “Ease of Starting™ and “Drive—
ability.” 1In both of these figures there Is
no appreciable trend of difference between the
methanol and the gasoline cars. Basically,
the drivers appear to like borh types of cars
siace Cthe average response Is better thaan
“average.” Oceasionally, the methanol cars
have been rTated “Poor~ by some drivers; but,
this i3 usually becazuse they just do not like
the car ot some feature of 1it. It has nothing
to do, usually, with the fact that the fuel is
werhanol.

The analyses of the oil samples so far
have revealed higher levels of irom, lead, and
tin wear debris In the crankcase olls of the
methanol ¢ars than in the gasoline cars. This
is inconclusive, though, because the methanol’
cars' oils also have higher levels of sillicone
(dirc contamination} resulting, probably, from
the differeace in operational service (shorter
crip lengths).

: onne National Laboratory TFleet —
Argoune Nationmal Laboratory (ANL), located in
the western suburbs of Chicago, [llimois, will
be the site of the cold-weather flecer for
Phase I. At ANL a typlcal winter season will
include mmerous - days of teoperatures bSelow
freezing and a fair nunber of days when the
low temperature 1s below O°F (-18°l).

Plans for the ANL fleet are to wuse 10
Chevrolet S5~-10 pickup trucks with throttle-
body-injected, 2.5 #, four-cylinder engines
and automatic transmizssion. Flve of the $-10s
will be wmethanol- and f[ive will be gasoline-~
fueled. Also, nine Ford Crown Vicrtorias with
5.0 , sequentiallv-tined, port fuel-injected
V=8 engines and automatic transmission will be -
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Table 3.

November 1, 1985 to Macch 31, 1986

Lawrence Berkeley Laborazory Fleer Daca

Average fuel
Total Total Average alles/ economy
Vehicle ID . ins  miles Chm) trip (km)
wpg (#/100 ¥m)
Methanol cars
E-36753 82 3,426 5,512) 41.8 {(67.3) 1l1.4 {20.6)
E-36754 72 3,074 (4 ,946) 42.7 {68.7) 12.1 {19.4)
E-36755 101 3,070 (4,940) 30.4 (48.9) 12.0 {19.6}
E-36756 6l 2,493 (4,011) 40.9 (65.8) 11.3 {20.8)
E-36757 89 1,963 {3,158) 22.1 (35.6) 10.9 {21.6)
FIVE-CAR 405 14,026 (22,567) 35.6 (55.7) 11.5 {20.5)
TOTALS )
GCasoline cars
G=92563 133 4,085 {6,573) 30.7 (59.4) 21.7 {10.8)
C-92580 120 7,006 (11,273) 58.4 (94.0) 22.0 (10.7)
C~92611 101 5,478 (8,814) S4e2 (87.2) 25.5. (9.2)
G~9270% 51 5,324 (8,566) 104.4 (168.0) 24 o2 {9.7)
¢-922771 130 5,380 {8 ,656) 4l.4 (66.6) 23.6 (10.0%
FIVE-CAR 535 27,273 (43,882 51.0 (82.1) 23.3 (10.1)
TOTALS
ME THANDL CARS___ GASOLINE CARS » METHANOL CARS GASOLINE CARS
GOOD - Goo0 7
HVERAGE AVERAGE
PO0A POOR
- T &
VERICLE 1D
Fig. 2. Average Drivers’ assessments of Fig. 3. Average Drivers' assessments of
. “Drivesbility.”

case of starting.

fnciuded, five of which will be methanol—
fuelad and four of which will be gasoline.
For the cold—weather conditions the supplier
of these wehicles must demonstrare relilable
scarting and drive—away down to 5°F (~15C)
using only the primary fuel, f.e. 852 methanol
and 157 unleaded gasoline. For Temergency”
starting below S*F (-1>°C) down to ~20°F
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(-29°C) .the use of a&n om-board, awrilisry fuel
system such as gasoline otf propane will be
allowed, if necessary. Delivery of the meth-
anol vehicles to ANL can be expected before
the next winter; the gasoline vehicles could
be delivered a few wonths earlier.

The nine Fords will be placed into ser—
vice at ANL as security patrol vehicles and,
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St “ge “such, will be used, wost likely, oa a 24-h

-!_,‘

pasis. The ren Chevrolet S5-108 will be used
by ANL malatenance petsonnel as they are die-—

ched to various Jjobs on the site. Thus,
these vehicles will be used mostly during the
day for vrelatively shorr =trips around the
sice.

An underground foel fank with associated
pusp equipment is being fastalled at ANL to
service the ten mechanol vwehicles. Data re—
quirements will be very wech 1like those ar
perkeley with the possible addivion of some
questions about weather conditions.

Osk Ridge National Laboraroty — Tentative

have been made to locate 2 fleet at Oak
Ridge National Laboratory (ORNL) in Oak Ridge,
Teanessee. It is anticipated that the cars to
be located at ORNL will be the Buick Regals,
sgain five wethanol and five gasoline. The
Buicks feature a 3.8 £, turbocharged, fuel-
injected V-6 engine which represents a high
level of technology in terms of utilizing the
high—octane feature of methanol. These cars
will be placed in sexvice with wvarious divi-
sions of ORNL and will probably be rotated
peticdically among divisions so chat duty
cycles and wmileage accumulation can be equal-
ized.

Winters in Oak Ridge are moderate,
occasionally, severely «<old weather

but
can

z

ocour. However, the cars for Cak Ridge will
have no extraordinary features for cold
weather. Such an approach will be successful
for the vast majority of the year. Neverthe-
lesz, during the c<old perfods thar do occur,
this will be a2 good test of the vegular meth-

anol-fuel system to operate In less than ideal
conditions.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United Stxtes
Government. Neither the United Staes Government nor any agescy thereof, nor any of their
employers, makes any warranty, express or imphcd, or assumes any Iegal liability or respoasi-
bility for the acsuracy, completeness, or uscfulness of any information, apparatus, product, or
process disclosed, or represeats that its use would not infringe privately owned rights. Refer-
ence berein 10 any specific commercial product, process, or service by irade name, trademark,
manufacturer, or otherwise does not socesarily constitute or imply its endorsement, Tecont-
mendation, or favoring by the United States Goveroment or any agency thereof. The views
and opinioes of authors expressed herein do not pecessarily state or reficet those of the

United States Government or any agency thereof.
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