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INTRODUCTORY REMARKS ‘

R. D. Flemning
DOE-TEC

The purpose of this final summary panel is to
provide an opportunity for representatives from
government, industry and universities to summa-
riza the results of this conference and to recom-
_ mend the direction for synfuels R&D and to com-
ment on how this R&D may mfiuence their
particular segment of industry.

The members of the panel are: Or. D. W
Brinkman, Bartlesville Energy Technology Center

of DOE; Dr. W. F. Taylor, Exxon Research and En- |

gineering Company; Dr. J. A. Paraskos. Gulf
Science and Technology. Company; Mr. D. F.
Ryan, Exxon Rasearch and Engineering Company;
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Mr. J. M. Colucei, General Maotors Research Labo-
ratories; Mr. R. E. Baker, Ford Motor Company;
and Dr. R. K. Pefley, University of Santa Clara.

We should note that Mr. E. E. Ecklund was

.originally scheduled to participate on this panel.

However, since Mr. Ecklund will have an opportu-
nity to provide closing remarks iater this morning,
he will nat participate on this panel. Because we
have had vety few comments in the conference re-
garding coal liquids, | have asked Mr. D. F. Ryan
to take Mr. Ecklund’'s place on the panel and to
speak about Exxon’'s work on coal-derived fuels.

Dr. Brinkman will lead off the panel discussion.
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SUMMARY PRESENTATIONS

D.W. Brinkman (BETC):

| would like to rmake a couple of general
observations and then caver government research
programs.’ An outsider observing this conference
for the last couple of days would probably go awey
shaking his head. He would probably be reminded
of the blind peopie describing different parts of the
same elephant. We get quite a few views coming
out of here. Te us, that is understandable. We all
have our own viewpoints and opinicns and
backgrounds. Occasionally, we find ourselves
arguing about whether the glass is half full or half
empty, 1 think. That is understandable too,
probably because sometimes you have to justify
funding. | know all year long we are talking
constantly about how much progress we are
.making, but towards the end of the year when it is
funding time, we maintain that there is an awful lot
of research that needs to be done. So that is
understandable too. _

The second impression | get is a kind of a
swarming motion. We are all going different
directions at the same time at different velocities.
Now technically, that is also understandable: It is,
actuaily, probably very sound. There is obviousty
no nverwhelming agreement, no one direction that
everybody says we ought fo be going, and so we
are really only covering the basics. Well, that is
great. That is sound, technically. But politically, it
is probably suicide. Mt is very difficult to get any
coherent program going, any push, any real
motion headed in any ohe direction when there
isn’t some consensus as a background. And so, all
this turmoil that we have heard about over the last
two days is understandable. We all realize it and
appreciate it, but it is going to causa some
problems.

Within DOE, several graups are lgoking at
research ralating to what we have been discussing.
The Pittsburgh Energy Technology Center is
iocking at coal liqguefacation, 1rving to provide
some hasic data, some possible help in what we
call high-risk research. :

LEAC is looking at shale oil, evalusting
different processes.

At BETC, we have one group which does
nothing except look at fuels and engine systems,

looking at the fuels and the engines togsthar.
Unfortunatetly, this is the one group right now that
is having the most trouble getting funding. In fact,
a couple of weeks ago they had -0- dollars for the
fiscal year 1979. There are problems like that in
every research group, hut that gives you some idea
of where we are. The very group that we feel
within this room that needs the most funding is
having trouble just paying salaries. | happen 10 be
working on a project looking at fuel stability. |

“‘mentioned that at the warkshop a couple of nights

ago. Again, trying to provide scme basic data both
on petroleum fuels and synthetic fuels, looking at
mechanisms and things that a lot of companies
might not look at for the mere fact that it is not
going to return toc many bucks,” at least net
diractly. But we are trying to provide some data
that we hope is of interest to you. | am looking at
some of the synthetic fuels that we have been
producing in the last few years and looking at
petroleum-based fuels. It is difficult to get a major
program going in the government. | think most of
you can appreciate that. We work on a year-to-
year basis, where as in industry, it is possible ta set
up a3 program and fund it for years at a tirme. In
DOE, everything goes from year-to-year, and
depending on who happens tc be in power in
Congreas, who happens to be in control of the
White Housa, who happens to have the
Departments’ ears, that's who gets funded that
vear. And so, it is very difficult to get an ongoing
program set up within the government. Now, we
are doing a total reorganization, trying to shift
away from inhouse research within DOE and
getting in much more into the project management
type research where the funding goes to DOE, but
most of the work goes out to industry, and
research institutes. We hope that most of our
reorganization activities are behind us, and that
now we can have some kind of a coherent
direction which will provide the needed research.

W.F. Taylor (Exxon}):

From the comments made here at the
.meeting, it would appear clear that the obstacies
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to the establishment of a commercial synfuel
industry in the United States are primarily
pontechnical in nature and involve environmental
and economic considerations. Neverthefess, it
would appsar prudent in the meantime that we
technologists proceed with the necessary R&D to
prove the technologies which would be necessary
for the commercialization of a syncrude-containing
fuel. THis will allow us to, first, minimize the
uncertainties associated with the transition 1o
synfuels and also provide us with the opportunity
to develop more energy- and cost-efficient and
environmentally acceptable technologies in the
future.

Thus, there is an obvious need for the
development of synthetic fuels. Again, for that
time petroleurn supplies alone will not be adequate
for our needs. In addition, we must be concerned
now about developing aiternatives. Thus, there is
need to proceed promptly with research and
developrnent in this arsa so that technotogy which
will be necessary for the commercialization-of a
gynfuel industry will be ready in time.

In my opinion, gsynfuel research and
development should be broad and imaginative in
scope and fundamentally based. For example,
synfuel RED should address the guestion not only
of current specification fuels, but also modified
and of broadened specification fuels. Some other
examples of key guestions which should be
addressed include: _

{1) How can increased supplies of synfuel be

used optimally in conjunction with dimin-
- ished supplies of petroleurn?

{2) How can the overall transportatlon Sys-
tem be optimized for, maximum energy
efficiency, including not only syncrude

. production but the refining and upgrading
and selection of finished fuel properties,
powerplant characteristics, vehicles and
also the critical supporting technoiogles

- that- work in this system (and | will cite
an example of that—(ubrication tech-
nology}?

J.A. Paraskos (Gulf):

I wiould like to speak 1o you concerning what |
think the major forces acting on the refining

industry are going to be, what the impact of those”

forees will be, and the role | feel that synthetics
from coal and shale will play as a new term in the
energy equation, '

Let us start by taking a good look at where we
are today. The refining industry and Detroit have
tremendous capital investments; it would be folly
of the worst kind to walk away from these
investments. | don't think, from what | have heard
in the past three days, that we could; and | think
that is good. | believe that Detrait would like to
continue to make internal combustion engines and
would like to get into the diesel car; | think that the
refining industry would like to continue to make
gasoline, diesel fuel and jet fual. New engines may
come about, but | don’t think we are going to see
too much along this line before the year 2000. So
we can then presume that the refineries arg going
to be trying to meke gasoline at about the same
volumes, if current projections hold; and if diesel
automotive legislation doesn’t stop it, there wil) be
an increasing amount of diesel fuel and middle
distillate fuel for the motor car being produced by
the refineries.

At the same time, the demand for residual fuel
oil is probably going to increase somewhat in the
next few years and then stan to decrease, if logic
holds, because of the ircoming coal and nuclear
power industries. In the face of decline and
demand for residual, U.S. refiners are going to be
faced with another very serious technical
challenge before we get to the point where they
are goint to be very seriously worried about shaie
and coal liquids. This is going to be the coming
crunch in poor petroleum feedstocks.

| think that the new-term feedstocks are going
to become dirtier and they are going to become
heavier. They are going to contain more residual.
They are going to contain less naphtha which
makes gasoline, and they are going to contain less
middle distillate which makas diesel and jet fuel.

| believe this will occur because of two
reasons: primarily because the Middls East is going
to go into the refining and petrochemical business
in what looks like 3 big way, and they are smart
people. They are going to want to keep the light,
low-sulfur feedstocks for themselves and refine
those and sell Finished products. Furthermore, as
we get to a point where crude begins to tun out,
we are going to start using more and more of what
the word has most of, namely heavy, dirty, sour
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crude. In spite of this, ! believe the price of crude is
going to continue to increase. Eventually, the price
of crude is gaoing to intarsect the price of
synthetics from coal and shale, they say, Even if
that happens, | don’t know whethet the refining
industry is going 10 want to put synthetic crudes,
whole crudss inmto their refineries. | think they will
sidestep that and try to put the dirtiest kind of
petroleur into their refineries before they start
putting whole synthetics into their system.

Then, selective fractions of the syntheticg will
-probably start coming into the refineries. For
example with coal liquid, about 30 percant of the
vield of ligquid products from a synthetic liquid
materia! being made from the coal is about the
same boiling range as the naphtha which goes into
making gaseline. This material may be pretreatable
and reformable into high-octane;, high-quality
gasoline. With shale oil, the naphtha may be
rafinabie to gasoline, diesal, and jet fuel. The thing
that is important to note, though, is that we
probably will want to do-this in existing refineries.
We will probably want to utilize the capital that we
have. And so, the guestion is: how do you do what
you want to do first with the pressure,
temperature, space velocity, and catalyst
requirements that you need to have in the future?
And that is one of the key areas that has 1o be
addressed in the near future.

What do we do with the rest of the
synthetics? Well, | have heard it over and over
again, and | don’t know whether it catches hold,
but | think the synthetic bottoms are geing to go
into utility fuels. This is going to push more and
mora tesidual Into the refinery’s throat, and it's
going 1o have to deal with it; the refinery will want
to deal with that rather than the synthetic residual.
Eventually, however, | am sure that as the crude
begins to run out {probshly post-2000), the
refinery will probably have to start pulling synthetic
crude totally into its refineries. Where this
synthetic crude is going to be made is up in the air.
| think that there is & question as to whether it
should be done at a synthetic fuel plant or whether
it should be done at a refinery, There is a point to
consider, howaver, as tha refinery gets more and
more nesds to procass these heavier, dirtiar
residuals, it is going to evolve towards the point
where he can look at the shale- and the coal-
derived liquids in & much more intelligent way.

Catalyst evolution will have to take place in order
to upgrade thesa matarials. | think that is where a
Iot of the R&D should be done.

In addition, hydrogen requiremenis for
refineries are going 1o increase tremendously. Dr.
Uyehara racognized this in one of his slides. | think
that we know that coal liquefaction requires
hydrogen. The miost intelligent place from which
to get future hydrogen is coal. If we are going to
be building Texaco pots units or corpgrate pots

‘units or hydrogen-producing units from other

sources, then maybe it is a good time to consider
where to put that coal liguefacturing process.
Maybe integrated liguefsction and petrolsum

-refining is not such a bad idea when you ook at

the post-2000 time frame. Maybe the smart move
is to put that liquefaction facility near a refinery to
take advantage of its distribution systermn. Let
hydrogan production from coal take place at the
refinery to help with the heavier and sour crude. In
any case, | don’t think these gquestions have been
resolved; if you put a coal liquefaction site near a
refinery, you run into trouble transporting coal, but
| think that we have to take an economic look at
this problem to find out where 1o spend cur monay
mast intelligently.

In summary, | think RED is needed 10 address
the short-term issues of refining selective cuts of
coal- and shale-derived liquids in new or existing
plants. in order to determine the magnitude of
catalyst and processing improvements required to
produce the gasoline and diesel fuels that we
anticipate. However, it appears that the approach
is going to be evolutionary and not revolutlonary.
If we are presently addressing the refining of future
crudes (which are getting worse and worsel, it
may be that the transition to refining whole
synthetics will not be as painful as we seem to
think. But much work is ngeded.

. I want to say in conclusion that we have got
1o get on with it. We have to start building some
plants because we are running out of crude.

D. Ryan {Exxon):

| plan to present some vields that we obtained
from the Exxon Donor Solvent liquefaction pro-

_eesa and to highlight the quality of these liquids

and the types of tests that have been run on them
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and some of the conclusians that we have reached
so far. '

The Exxon Donor Solvent process . produces
about 2.7 barrels of liguid product per ton of dry
coal, There is soma variation in the vield, depend-
ing on the severity. Breaking the liquid down intc a
naphtha of 35Q to 650 distiliate in a 680+ gas oil,
typical yields are as foliows:

« Naphtha — 37 weight percent

s 35010 650 — 24 weight percent

* 650 plus — 39 weight percem :
Depending on severity, for example, the naphtha
could vary from 25 ta 55 weight percent, At the
higher yieid, of course, The distillate gas oil weld
could be backed off.

‘The naphtha is vary aromatic and highly naph-
thenic; it is very low in paraffins (roughly 12 per-
cent). This naphtha ¢an be hydrotreated in a single
stage (conventional petroleum hydrofiner] 1o meet
catalytic reforming specs. in a conventional re-
farmar, we can achieve 90 liquid volume percent
yield at 100 octane and about 85 liguid volume per-
cent vield at 104 research octana clear. In eddition
10 the high yields of high octane naphtha, there is
a net production of hydrogen of about 2000 stan-
dard cubic feer per barrel ¢f naphtha produced.
This naphtha, once hydrofinad, is probably the
best reformer feed that | have seen.

Regarding the distillates: we have run tests on
the 350 to 650 fraction in 3 home after-burner. This
fuel (as it comes oul ‘of the EDS process} meets
No, 2 fusl specs except for the gravity. Thers is a
30 APl gravity spec on No. 2 fuel. We are well
bsiow this. Other than that, this material burns
well in the tests that we have run. We have also
locked at a norminat 360 to 700 distillate cut that
was sent to Westinghouse for a stationary turbine
combustion test that was sponsored by the Elsc-
tric Power Research Institute. At this time, | really
can’t give you 100 much in the way of data on how
this matarial performed. It was the lowest NOy
emitter of all the coal liguids that were tested, con-
ststent with its low fuel-bound nitregen content.
We have also tested 400+ fuel il fractions in a 50-
horsapowaer boiler.

Regarding smoke emissions: these fuels were
as good or better than either a low-suifur fuel ol or
-a regular sulfur fuel oil tested sids by side.

Regarding particulates: the coal fiquids were
tower than the petroleum test fuels. .

PNA‘s were within the range of petroleum ax-
perience. Qur technology department suggested
that we burn a greater quantity of this fuel to get
better PNA measurements, so | want 1o reserve
final commants about PNA's at this time.

NO, was high. For the particular fust tasted,
the MO, level was about 580 PPM which (com-
pared with the new source performance stan-
dards} are up 225 for oil and about 500 for coal. We
do have a problem with the NO, emissions. The
fuel tested, however, was a direct product of the
EDS process. It was not hydrotreated in any way
to reduce nitrogen.

That concludes my comments on the vields
and the types of tests that we have run.

Basically, | have heard an awful ot about coal
liquids as being dirty snd sinful and what have yvou.
In many ways, they are as good, and, in some
ways, better than some typical petroleum streams
that are processed today,

J.M. Colucci {(GMRBL):

| woulld fike to say that my talk is a “well-re-
haarsed” talk, not that | have rehearsed it many
times, but in the course of the two days of this
conference, many of the things that | have in-
tended to say have alieady been said, But | think
the theme that is running through here is still an
important one regarding energy conservation of
the resources that we are gning to have to use. |
would like to continue with my comments because
| think they are important to tha whole isste.

in 1975, GM Research had a symposium on
future automotive fuels which many of you at-
tended. At that symposium, we indicated that we
were interested at that time In doing work which
would result in maximizing the overall anergy uiili-
zation efficiency of this system. | am telking about
“resource’” from in the ground threugh ali the
staps winging up with the end uss. This system
seemed to provide significant opportunities for en-
ergy savings as our nation shifted its transporta-
tion needs from-a petrolaum-based economy to an
economy based on coal, oil shale, or even bio-
mass. The interest is obvious, we want to maxi-
mize miles per ton of materiat mined or per ton of
materiai farmed. inherent in this concept is tha as-
sumption that 1o achieve the energy savings in any
one of the intermediate steps, the end user may
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have to change his system and, in many cases,
even decrease ths snergy utilization efficiency in
his step. We at GM were and stili are interested in
doing this kind of research. in fact, we even pro-
posad this to the Fossil Energy Branch of the De-
pertment of Energy.

But first, let us concentrate on the synfusls
R&D that results from this type approach. The
major contrast to using less-refined fuels frorn coat
or ail shale is 10 use gasoiine and diesel fuel from
these sources which meet current fue! specifica-
tions. Many fuel suppliers have already concluded
that this may be the route to follow. However, we
at GM believe that it is ton aarly to make that deci-
sion, espeacially since we have not had the oppor-
tunity to evaluate the potential energy savings.
anather point is that we still have time to maka
this evaluation. Petroleum is not going to run out
tomorrow. | think we are going to have petroleum-

based systems at least untit the end of this cen-.

tury. So we do have time to look at these other
resQurces.

Another consideration is that doing work on
this type of a concept will provide all of us with in-
teresting and challenging R&D opportunities
which we necessarily won't get if we assume we
 are going to make current spec fuels from coal and
ait shate. . :

in obtaining future transportation fuels, let us
try to take advantage of the inherent properties of
¢oal- and shale-darivad liquids rather than expend-
ing considerable energy 1o convert them into fuels
which match fuels and petroleurr. | think many of
the other speakers have aisc emphasized that
point. In order to assess the potential erergy sav-

ings associated with this kind of 2 concept, a table -

such as this one will have to be filled out. What we
have here is 2 varfety of engines which were con-
sidered whan we did this job in 1975. {Conven-
tiona! spark ignition engines, stratified charge in-
cluding the diesel, gas turbines, stearn,.stirling,
and even battery elactric.} Across the top, we have
listed &)l the potential resources. What you would
like to do is figure out the energy efficiency of uti-
izing fuets from these rasources in each of these
angines and try to come up with an optimum sys-
tem. '

in making these evalvations, we have to re-
main cognizant of the fact that the entire system
has to work within the anvironmental constraints

that have been placed upon it and that the trans-
portation system using the fuel has to continue to
provide a useful, economic service to the con-
sumer. With this background in hand, what are the
R&D challenges that await us?

First and foremost, what we have touched on
many times in these meetings is the challenge to
the Department of Energy and to the energy com-
panies to provide us with the fuels to evatuate. The
biggest hang-up today in the whole effort has hean
a lack of coal- and shale-derived hydrocarbon fuels
for laboratory engine and subseguent vehicle eval-
uation by the automotive indusiry. Not having
these fuels has led to a situation where lots of at-
tention has been focused on testing aicohols and
hydrogen, not necessarily because of their tremen-
dous energy benefits for the future, but primarily
because they have been available. When the hy-
drocarbon fuels from coal and oil shale are avail-
abie, they can be used to investigate a variety of
factors, inciuding, first, their basic combustion
systemns. This can be done in laboratory studies
where we can do the basic research to provide un-
derstanding, which then can be carried over to en-
gine studies,

We should look at the effects of fuel composi-
tion, specifically the hydrogen-to-carbon ratio, the
aromatic content, and the aromatic composition
and their affects on particulate and polynuclaar ar-
omatic hydrocarbon emissions. We should look at
the effacts of impurities such as sultur, oxygen, ni-
trogen, and ash and their effe;cts on emissions,
fuel stability, and engine durabitity. In all likeli-
hood, an iterative approach will be involved to
come up with the most efficient fuel-engine com-
hingtions. Thus, this will reguire a close interaction
betwean the fuel supplier and the fuel user.

The Department of Energy should encourage
and become involved with this type of activity. The
potential payoff regarding conservation of U.S.
energy resources may-be high or it may not exist;
however, we will never know unless we give this
system 3 fry.

This leads me back to some prior comments
where | indicated that GM had responded to a DOE
Program Opportunity Notice regarding a coal lig-
uids refinery. Our response was part of a team ef-
fort which was neaded by the Guii Research and
Development Company. The objective of the PON
which was Initially issued in September 1976 was
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to defing, construct, and operate a refining facility
to produce marketable quality gasoline and fur-
nace oil from coal-derived synthetic crude oil. GM,
as part of this effart, propossd inclusion of less-re-
fined fuels as part of our portion of the program re-
garding evalustion af automnotive-type fuels. We
had an extramely difficult time even convincing the
Department of Energy to let us include this as part
of our proposal. After many months of negotia-
tions and considerable efforts on the behalf of the
team members, our 5-inch-thick proposal was de-
livered to DOE an July 1, 1977. DOE was to an-
nounce award of this proposal for this contract in
early 1978. Today, no response has been received,
although the grapevine has indicated that no con-
tract will be awarded. | think this leads to what |
consider to be a significant failing on the part of
the Departrment of Energy. All the team members
on our team {| am sure the sarne situation exists
with the other respondents to the PON} are soma-
what disenchanted with the Department of En-
ergy. Since | am proposing that DOE be an inti-
mate partner in any future evaluations, 1 think the
people, sspecially in the Fossit Energy Branch, in
the Department of Energy have some fence mend-
ing to do. | think also that if we have any future
meetings of this type, that those people who con-
trol the programs that wil generate the fuels
should be in attendance. 1 am somewhat disap-
pointed that we waran't successful in having them
at this meeting, bacausa | think hearing this kind of
message directly and not secondhand would be
much more effective. ’

R.E. Baker (Ford):

One of the primary objectives of this confer-
ence, it seems to me, is to define what the finished
properties of synfuels ought to be. How finished
shouid they be? How far should they go? Is there
any need to do something different from what we
have today? In order to answer those kinds of
guestions, it is necessary to know where the fusls
are going to be used, how they are going to re-
place the petroleum fuels that are in use now, In
order 1o properly do this, all the users of petroleum
products have got to be cansidered jointly. | guess
what | am savying is tha system study that we have
referred to is the starting point, '

That brings me arpund to my concern that

there doesn’t seem to be a way for a refiner to gen-
erally face up 1o his governmant arganization. DOE
does not seem to he able to consider ali possible
uses, all various types of usars jointly, and | believe
this is the problem that Gene Eckiund himself has
brought to our attention as well as anyone. That is
an impasse that we have to recognize, we have 10
face up to and somehow deai with. | am not sure
that | have the solution, but it is certainly a great
concern because of the importance of the Depan-
ment of Energy participation in any of these
proiects.

What fuel should we develop? Shouid we
concentrate on shale? Should we concentrate on
coal? Tar sands? Whatever. | would like to echo a
comment that was made by Commander Lukens a
couple of days age and that is that we don‘t reaily
hava to rake a decision either/or. There are very
goad reasons why synthetic fuels can be comple-
mentary. Clearly, we have needs for distillates, We
have needs for highly paraffinic-type materials,
There are also very real advantages to making fuels
that are highly aromatic. And there is svery reason
to believe that when we take a look at the whole
systemn, at all of the uses, there ara places for a va-
risty of synfuels. That is going 10 be necessary so
wa can decide how much effort to put on shale
and how much effort 10 put on caal, and so on.

Let me say a few words about the fransporta-
tion industry that | am invalved in. it seems to me
that we have the same concern, we want o deter-
mine whether or not we do naad a new engine. In,
order to determine wheiier we ought to build a
new engine to utilize synthetic fuels, we have 1o
know whether or not there are any advantages 10
making a fuel that is different from the fuels we
have today. | am saying the same thing you have
already heard several times. I we can decide now
that there is no advantage to building a new an-
ging, then the R&D work es far as we are con-
cernad is done. All the R&D work that has to be
done is strictly process, we go out there and make
the fuels and we won't worry about new engines
because after all we are showing that the engines
we have are pretty good engines. The diesel an-
gine is a8 very efficient engine. Soms of the engines
that will be coming along are very efficient en-
gines, and we will be achieving higher sfficiancy
without basically new power plants. So the ques-
tion is (there may be other reasons, there may be
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emissions impact and so on that we will have to
deal with iater} should we have a new engine for
new fuels? in order to know that, we have to know
how much energy is saved overall when we make
these engines. It is necessary to do tradeoff
studies, ta determine how much enargy is saved at
the reflnery as compared with how much energy is
lost in compromises in the engine to accept those
fuels. DOE does have an important role to play in
that process. It will happen, | am sure, without
DOE’s support, maybe it will happen in spita of
DQE's activities. 1 am not sure, but it can happen a
lot sooner, it can be coordinated a lot bettar, and
we don’t have to rely upon evolution with a liftle
bit of policy making at the beginning.

Let me now stand up and wave a red flag a

flitthe bit more strongly than perhaps it has been
wavad so far, the environmental impact flag. |
really think that we cught to face up to the fact
that we don’t know how big are the problems of
environmental impact (and they are potentially
very large problems). As far as | am concerned,
they could stop many of the things that we are
considering doing. It doesn’'t mean that-we don't
do them, it means that we have to understand
what they really mean. We have to do something
very sffective sbout that. They have to be included
in economics for example. If you are talking about
shale are you reaily going to be able to dispose of
all of the waste products from shaie from refining
reck and all of the rest in an environmentally ac-
ceptable way? | guess perhaps the automotive in-
dustry is sensitive about this issue. Right now, we
are in the throes of trying to define what “health
effect impacts’” really means. EPA has toid us to
jump on this issue and now iwhile we are all in the
air} they have not yet said how high we should
jump. There is a very real concern that highly aro-
matic fuels that might be produced in the future
would not be acceptable from the standpoint of
PNA concentration. What are the heaith effects
from exhaust emission? The list goes on and on.
Wa need a8 tremendous amount of help in research
on what those effects are, how important they are,
what tests are necessary to define what is and is
not important. The whole area is wide open. That
sounds 2 little bit negative, but what | am trying to
say is that research needs are very large in that
area. t guess those are my major concerns,

R.K. Peflay (Univ. Senta Clara):

| would like to make soms general obsar-
vations about the sessions here. Maybe you will
agree or disagree, but hopefully it will provide
some mora food for thought.

Number one, | was struck by how far ahead
the military is in the development of alternaie fusls
as compared with civilian agencies. That is good in
terms of domestic self-preservation. I did think the
cooperation between the agencies thai appeared
here is excelient and should be pursued intensely.
However, there is some concern because-thay
have made advanced progress that the. civilian
agencles might blindly follow simply -bacause of
shortened lead times. So, hopefully the coopes-
ation will really take place, our tax dollar almost de-
mands it. But also hopefuily the civilian agencies
will insist on a broad insight in investigations as
this alternate enargy issue evolves.

| was also somewhat thunderstruck to hear
the FAA talking about doubling the jst fuel sup-
plies in the next'ten years to satisfy damand with
no discussion of alternate plans. | am just puzziad
how thls country {now. using one third of the
world's energy suppiies) can go ahead and pro-
gram that way without considering the rest of the
world. To me, the best way to deal with the rest of
the world is to lead the way in deveioping alternate
fuels, which we are not doing. i we go another 10
years and continue 1o consume a supply at the rate
we are now prajacting, | think we will earn the con-
tempt of the rest of the world.

i was puzzled some about the absence of dis-
cussion of synfuels from pyrolytic oils associated
with biomass. | don't quite know the definition of
the cenference here, but it seemed that the pyroly-
tic "oils might fit into the discussion that has gone
on here. | have not heard any mention of that in
the alcohol symposia, and now [ don‘i hear any
here. 1 seems to me that it is a missing element.

| really have two objectives in presenting
these shdes (not included in proceedings). Obvi-
ously, one objective is to get alcohol an stage. Tha
other objective is to extend the issue that Dick
Baker and Andy Parker tatked about in terms of a
systems approach. What you are leoking at is 2
vehicle that in 7 years has never had anything but



alcchol in it. 1t has about $100.00 worth of
modifications. It has heen stopped and started 10
times a day and still has the originel engine fuel
system, etc., and it is driven by the meter readers
of the City of Santa Clara. it is just being retired,
and we are going to take a look at it in detail.

Tha point is—at this time, we can say what
does it cost us 1o run our car. Those are basic
questions. | was fascinated in the response from

you all, you put number one priority as demestic -

supply. Health and safety was second, and cost of
operating the car in terms of fuel cost was third.
So, in effect, you have put an assessment {and §
really think we need te broaden out} on these eco-
nomic quastions.

Wa have made a lot of progress in technology
by taking a very narrow question and dealing with
it efficiently. But the public is dissatisfied with
that. Now in this alternata fusis issus, you have a
chance to look at a broader picture. We need to
ask more questions of what is this worth. )

Here you lock at the emissions in a photo-
chemical smog ¢hamber using a hydrocarbon that
is typically found in gasoline and methancl. The
NG, and the ozone production and the upper two
curvegs go with that emission from the auto-
mokile’s using a key product in the gascline sense.
The lower two curves of NG, and ozone go with
the photochemical reactivity in the smog chamber
whan the emission is primarily methenol. When
you look at the photochemical reactivity of metha-
nol, you find it down with methane and ethane. In
effect, the reactivity is'essentially extremely low.
As you see, we hever get to an ozone peak aven
after eight hours. S0, one can say, what is it worth
te reduce photochemicat smog? | thought that Mr.
‘Wheeler made a very important point: What is it
waorth to get rid of the mutagens and carcinogens
in our atmosphere? We need to get these ques-
tions answered in a hard economic sense. | don’t
guits know how to do this, but it should be a seri-
ous portion of gur activities. _

What you are looking at hera land same of
you have seen this before) is an octopus that is
drunk on methanol, When you consider marine
spills with alcohol, the scenaria is antiraly diffarent
frorn gasoline or crude oil spills. First, there is ab-
solutely no fire hazard, But, secondly, it goes into
solution in the sea water and so you get an entirely
different reaction. We have studies going on, and

what we find is that—where you all enjoyed etha-
naol last night—this guy prefers methanol. The in-
vertebrate in the marine world likes methanols bet-
ter than ethanol. This guy gats gray and sick if you
give him ethanol, But if you give him methanol, he
turns rad and becaomes combative. He really wants
1o take you on. The essence of the story is that the
work ‘'we have done 1o date indicates that metha-
nol is part of the ecosystem. We find in the estuary
and in pools of the ocean that there is actually ma-
rine lifs that produces methanol. The general im-
pression is that it would not produce a long-term
disaster if there were a major marine spill. Dr. Del-
essque of our biology department is. giving a talk in
Detroit at the contractors’ meeting next week on
this subjact. Again, | am just using this as a carsier
to say: what is it worth o have a ¢leaner environ-
ment if we have a major spill; what is it worth to
have less of an ecological disester,

| would like to leave you with those
staternants because | do think that this system’s
approach to the economic evaluation of alternate
fuels is very important, but should include the en-
vironment, health and safety, and domestic sup-
ply. [ -dan’t think we know how to do that very
well, | have talked to some of the economics peo-
ple on our campus, and it really demands new eco-
nomics. | think this group can create pressure on
the economics departrments of corporations, eco-
nomic students, and the government to address
these issues and come up with a legitimate means
which will allow us to make fair assessmenst as we
mdvg into aiternate fuels. Thank you, that is all |
have to say.

R.D. Fleming (DOE-TEC}:
That concludes our prepared discussions of

the panel. .
[ would like to say one thing that | was pleased

- to hear that some of the automotive people were

indicating more RED needs to be dong with re-
spect to optimizing tha total system going from re-
source to fug! processing to refining 1o end use
(which just happened to be on the top of my list).

" As you recall, new hydrocarbons are at the
top of the list in priosity indicating that we wouid
like to see more RB'D done in this area to optimize
energy utifization. when considering all of the fac-
tors from resource to end use.
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Gene Ecklund { DOE—TEC]:

There is one point that I think might be perti-
nent which Roy Quillian mentionad in some of his
questions late yesterday 1o the university people: |
think wa need to identify our educational needs as
far as this whole area is concernad; educsational
naeds in tha universities but also in reeducation of
people like ourselves and our compatriots. We
have an enormous capability built up over several
generations on how to utilize petroieum. We have

lots of sophisticated techniques and of course the

things that are being taught to ths students today
in the universities are things that have evalved over
a period of time, many of them in the tast decade

or so. It would seem logical that we are going to
need these same kinds of things when we move
Into synfuels. | don’t think any of us at this stage of
the game can define what they are. | know that the
coming years will sse evoiutionary changes.
Thase, | belisve {and Roy Quillian is a3 champion of
this}, will take the farm of new analytical and pro-
jective tools for science and technology. We have
heard a comment on how the people in the refinery
business might look. at putting syncrudes into refi-
neries. Wouldnt it be great if we could accurately
anticipate just how to handle these materiais. That
is just kind of scratching the surface, we need it ali
of the way across the board. Education is the kay.
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OPEN DISCUSSION

Speaker 1:

| want to talk about the matter of source of
material again. There has been a lot of concemn
here about getting sufficient material to work with
so that you can conduct the tests and devel-
opment that you want. It is really worth while to
review the events going on now and what you can
learn from them. -

As you know, Congress has approved geing
ahead on both SRC-I {which provides a solid prod-
uct to be burnad in utilities) and SRC-N {which
gives the haavy material designed for utilities and
in which thera is not a great deal of intergst for re-
fining). Of course, the idea was to displace all from
utilities. '

Then, you may have read that H-Coal has very
recently made a proposal to the goverhment to go
ahead with that procass in a demonstration plant. |
understand that Exxon has not made their propo-
sal on Bxxon Donor Solvent that would go inta 2
large-scale demanstration plant. In addition, of
caurse, you have alcohot about which there has

been a great deal of discussion. There is @ great

deal known about shale, and it supposedly could
be moved in a few years.

Mow if you suddeniy got a farge amount of
any one of these | don’t know that you would be
home free because the argument and the dis-
gussion in this country would go on interminably
about whether that is the way to go. It doesn’'t
toek like any onc of these has the capacity 1o really
give you what you are looking for by the year 2000,
Certainly, alcohol could move more rapidly now
but that is really a political and economic guestion,
Shale could move fairty quickly, but again that is
primarily an environmental question and an eco-
nomic question all tied up with subsidy and so
forth.

But if any cne of these moves, aren’t we back
where we were, because you can’t really count on
any one of these providing the fuels to solve all the
problems?

I gall your attention to the decades of work
that the petroleumn industry did in building up the

current petroleum industry. There raally sren't very’

many veterans of this era actually still employed in
the petroleum industry, because so many of them

have retired. But through thosa years, thers was
an enormous amount of work of a basic nature
wherein they really developed the petroleum in-
dustry by studying what happens to pure com-
pounds and Understanding all about their motecu-
lar species. These studies went into such depth as:
what types of molecules give superior knock prop-
erties, combustion properties? What types of mol-
ecules give superior lubricating praperties, etc.?

| really suspect that a great deal of basic weork
will eventually be done in the next two decades,
and | think we probably will come to the conclu-
sion that a great deal more research should he
done on pure compounds and get to know how ¢
cope with these different materials because if you
know how to cope, you already know pretty well
what kinds of materials you are going to encounter
from any of these sources. If you igarn how fo
vopa with them, you can deal with any fuels,

Now to get back to the point, suppose you
had a large source of any one of these fuels. |
doubt if you would be home free because you
wouldn't really be sure that that was going to be
the solution. | detect here a large tone of effort to
test things. | just wanted to bring to your attention
that perhaps the greatest emphasis for same time
now needs to be put on a mors hasic level of un-
derstanding. Why these things behave like they do
because with that understanding, the parts of the
business you gentlemen represent are going 10 be
able to contend with a variety of different things,
whether it is shaded heavily towards aicohal or 10-
ward shale, etc. Along that ling, | am even told
that shale oii from different sources, whether it is
retorted or modified . in situ {or indeed from differ-
ent parts of strata}, has significant compositional
differencas. These differences ave of the nature
that yvou really need this more basic extensive in-
formation to cope with them satisfactorily versus a
purely empirical progearm.

Speaker 2:

i would fike 1o point out a few things that were
mentionad about engines. We haven't really said
auite enough about engines. | think there has besn
a slight air of over optimism about what we are
going to do in the future about engines. Some-
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people think that they can produce some weird
fusl and ingvitably an engine will be produced that
will consume it. This is, perhaps, over optimistic.

If we look at the whole scene of the engine in-
dustry, we can see that the heavy diesel -engine
has been there for a very long time. | see nothing
on the horizon to touch it. The only changes [ see
in the heavy diesel situation are some tightening
up in fuet specifications and here | would. echa
Dick Baker from Ford. The Amaerican public-is not
going to tolerate deterioration of the environment.
Once you have had decent air and you have gotten
used to that, it is going to be easy to sell you the
idea that it should be maintained, at least, if not

improved. So | think that possibly in the heavy die-.
sel on the heavy trucking side, we might ses.im-’

provad fusls rather than what the oil industries say
inavitably is that the fuels will gat worse and
worse. | think legislation may force soma slight
changes in specifications fo lower the toxicity of
the sorts which an engine .running by diffusicn
burning is inevitably going to preduce.

- Now, stratified charge engines made :a. big

splurge some years ago, and they are still being’

worked on quite hard behind the scene, The break-
through doesn’t appear yet. if they are going to

run-on heavier fuels with in-cylinder injection, inev-

itably they are going to partake of this problem to

fusion burning particulates and toxics frozen out

on the particulate. This, | beiieve, will hardly be tol-
erable. We are working hard to try to develop
cleanup systemns for these materials. We are hav-
ing some slight success at this moment. That is a
problem which faces the stratified  charge engine,
if we are gotng to treat it as an engine which could
consume almost any specification of fuel.

Now Ford is apparently more limited in' their
objectives. They are locking towards the stiatified
charge engine as being an engine which is pot 6¢-
tane-dominated. That is fine, and we al! look for-
ward to the results of this. This could be an excel-
lent engine 1o compete with the dlesel in the Iarger
passenger car sizes.

General Motors has done an excellentjob w:th
the dieselized Olds. Everybody is amazed that a
diesel engine could be so civilized. In fact, it even
amazed Ricardo that it was so civilized. It even
amazed me, and | 2m a skeptic. It has many advan-
tages, but, of course, again it is confronting the

environmental problem of taxic particulates. Now
some people say, what is all this particulate busi-
ness? Why has it suddenly arisen? It has suddenly
arisen due to this world-wide interest in the fact
that, in the environmem,'there are a number of un-
favorable bodies which build up and are additive in
their impact. Every system or every type of chemi-
cal or whatever, all of these materials prebably
have an additive effect. So, every system has to
take its share of the blame for possible upsurges in
diseases like cancer, various other degenerative
diseases and, in the problems af genetic defects
{which is a thing we should ali be very worrisd
about), carrying on down through the generations.
The_environment is going to be lpoked at
very, very hard in these respects, there is no doubt
about it. So, the stratuﬂed_cha_rge engines and the
diesels may well battle it out for the 4000- to 4500-
pound car. But despite the brave efforts of, for in-
stance, Valkswagen and the small Rabbit twhich is
a brilliant carl, one doesn’t realiy sée ‘avery small
car being-a dsesal car. They are mewtably going to
be more expensiva, more difficult to produce. The
smaller you go, the tolerances get more and more
critical. The clearance between the tap of the pis-
ton and the head gets very, very critical and cru-
cial. One has to go to almost selective produstion
methods, and these are going 1o be more expen-
sive than for the gasoline engine. So | am suggest-
ing that one thing in the States that is inevitahle
{and | think desirable) is many more small cars
around 1000 cc's which would have adeguate
holding capacities for limited shopping and a fel-
low going to work. And, of course, in the Ameri-

can sceng, you will have the big car at home any-
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way wantmg ta do those spemal jobs. But | see a
very large unsurge in small vehicles. These, | am
sure, are going io be h]qh COMPression gasolme
engines. | would suggest that it would be ax-
tremely helpful if EPA and the other agencies
could raisa the limits on extremelv SEVErsg emission
standards’ to encourage these small cars. Now
they would run on high- octane gasoline. In Eu-
rope, we ¢an run these cars at compression ratios
of 15 ta 1 now with a modern ignition system. If
ane was runring on, say, a highly aromatic {uel,

then the platimum catalyst would almost certainly
take care of the exhaust. Thase engines can be run
lean to improve the loss of fuel sconomy by throt-
tling. You can get quita an improvement in renge



unthrottled by leaning, and this is good for effi-
ciency. We are on the verge of equalizing the small
swirl chamber diesal sngine fuel consumptions
with thesa motors. Certainty they are going 10 be
cheaper. So this could be a good scenario for the
future. But, | think it would to some extent depend
on some encouragement. | am not suggesting that
the ambient air guality be detariorated, particularty
with these. It is really a.question of the NO, legis-
lation. | thirk the rest could be fairly easily taken
care of. So, | think we really have to look very hard
at the NQ, legislation because that is where we
have a canfrontation. However, Dick Pefley wouid
immediately say “Well, we have your fuel—matha-
nol or ethanol.” That is guite true. That could be,
but of coursa thare iz clearly at the moment an
sconomic barrier to that. Also, with a small car, it
wsuld not be too desirable to double the size of the
fuel tank, although that is a vehicle design prob-
lem. | would certainly bow to ths vehicles’ designs.
| am sure they could do this. :

That is just really how |, personally, see the
sort of thing that could happen in the future. Now |
don't see any sfot in this for a very heavily deterio-
rated fuel spacification. 5o, | am fully in agresmeant
that we should keep the best for transportatian.
Let us keep it good. Let us research it and let us
research its effect on the environment heavily.
This is absolutely vital worldwide. Let us keep-any-
thing that is of poor characteristics or poor spegifi-
cations where it can be taken cams of in heavy plant
and public utilities. : '

Speaker 3;

A problem which hes kind of bean an under-
current here, and probably at all conferences like
this, has finaily raised its ugly head this morning
and that is the fact that tha il companies or petro-
leum refiners have an enormous investment in re-
fining petroleum. They have millions of dollars of
capital investments out there which are good for
refining petroleum. Howaver, we also know that
most of thase plants are refatively smail and some
of them are cid and in various stages of age in fact.
There is always a replacement market for refining
plants. ’

Then the other observation that was brought
up this morning is the fact the Arabians and tha
other gil producers are going to get into the refin-
ing game. They are going to build the biggest,

maost efficlent plants that they can buiid, which

_ means that, in 10 or 15 years, you are going to

have & situation where these people are'not only
preducing their own white naphthas and middle
distillates that they are going to sall all over the
world, but they are going to be producing it better
than you can do. [t is just fike what the steel indus-
try in Japan is doing to our steel industry now. So,
the challenge that you have is: when you get the
bottoms that these peaple ara going 16 sell you,
plus the bad oil that we are going to get from our
own walis, plus the dirty shale and the dirty coal
that you are telling us we are going to get, instead
of building new refineries to replace the ofd ghes
which are getting worn out, you are going to have
to build refineries that can handle the bad stuff
rather than the good stuff. That is, | think, a basie
challenge that the oil people are going to have to
face in the next 15 years or you are not going to
get the job done.

Speaker 4:
| suppose t feel compelled to respond to that,
heing from the petreleumn industry. Yes, we agrss,
You have to build refinaries and modify refineries
continuaily to accept dirtier, heavier feed stocks. It
has been going an since the institution of the refin-
ing industry and is still going on. Nobody is ahead
of us; we will be there.

Speaker 5:

| have a couple of skdes {not included in pro-
ceedings) here on the H-COAL process that the
audience might be interested in.

Here is an H-COAL plant that is going to start
up in Cattletsville, Kentucky with a 600 ton per day
start up scheduled for 1878. You have the H-OIL
processes that have been going on {Lake Charles,
Lauisiana— 8000 barrels per day operation already
in 15 years). There is one in Kuwait (66,000 barmels
per day, 10 years in operation). There is one in
Mexico {5 years in operation). .

if you were to put in tar send bitumen, solid-
frag, the products that you get out are shown on
the first line. To 430°F vou get 22 percent, 430 to
975°F you get 81 percent, and 975°F plus is 5.8
percent. {f you put in 100 pounds, you get 86
pounds of synthetic crude out. On 2 volume basis,
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you get 101.2 percent out. If you go with an APl of
8.8° which is pretty heavy. your product comes
out as around 33 parcent, 1 think.

The investment per barrel per day installed is
$1,100. So, if you are talking about one million har-
rels per day, that is a lot of money. The fuel re-
quired is 70,000 Btu's. Power required is given.
There is 6 kilowatts. Steam required is 19 pounds.
Cooling duty is 260,000 Btu. Water process is 5.1
galions. Catalyst is $.16 per barrel. Hydrogen con-
sumption for that particular fuel was 1400 cubic
feet. The pressure of the hydrogen geing in must
be 700 psi gage.

Speaker &:

| would like to aiso take this opportunity to
thank the organizers of this conference. | don't
think we need 1o apologize for anything or for re-
peating ideas and things of that sort. | think there
is a lot of good that has come out of this confer-
ence. We will be ail able 10 go back and mull things

over and formulate our ideas and to the people of

" DOE and SwR), thank you very much for the con-
farence.

f would like to say one other thmg here. In my
cpening remarks yesterday at our session, b ai-
luded to some work that we were doing on purg
compounds at our instituta and it was alluded to
again today. | think that it is important that we go
back to the basics and look again. | can remember
fust 20 years ago, we started working with alcohol
in"fumigation at Penn State. We coined that word,
as a matter of fact, at Fenn Stata. Our emphasis at
that time was to come up with a smoke deterrent
for a diesel engine. | think that if we had only-had
some ¢f the research toois 20 years ago that we
now have, how much more we could have learned
from that earlier project. Today, we do have some
very sophisticated means to look at qur results and
to help us in our studies. | also rmentioned some

othar work that ws are now doing with pure eom-
pounds, things that one would rather think that
ware done or might have been done a long time
ago. We could find nothing in the open literature.
One thing that we are doing and have besn doing
for quite some time ig trying fo come up with
screening techniques using pure compounds to
predict how future fuels might react in known
hardware of today because we don’t have any fu-
ture hardware around. So, we are doing this in
conventional diesel and S1 engines, using CFR-
type apparatus. We are beginning to get some in-
sight into how the combustion characteristics in
simple constant volume bomb tests do influence
the behavior of these pure compounds when you
fun them in the engine. For example, knock is one
thing that we have taken a real hard long look at,
and correlations are beginring to surface.

Now, cne other area that [ think is extrermely
important- because many people are ¢oncernad
with the environment and how the particular “bad
guys”' are born in the engine. We have decided to
go back with our censtant volure bomb and ook
at surface phenomena again In automctive diesels,
and we all know the reasons why. That is, alt of the
current light-duty automotive diesels are pre-cup
engines with glow-plugs. How do pre-combustion
chambers and glow-plugs influence the formation

" of particulates in an engine? We are domg these

studies with pure compounds,

When we got back to this work, we tried to
build our base ling study around the primary refer-
ence fuals. One of them we wanted to use was ce-
tane. If anyone has tried to buy cetane lately, you
will find it is about as valuable in price as the syn-
fuels you are talking about.' | just couldn’t believe it
when 1 found that | had to pay about $300.00 per
gallon far cetane. Now maybe there are some peo-
pie here that know something that I don’t, but !
would sttll like 'to be able to wark  with some

cetane.



