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The increasing level of atmospheric C02 is causing considerable
concern due to potential climate effects. ER&E has been actively conduct-ing research on certain aspects of the issue for approximately two years.
This report addresses the question of whether a comprehensive research
plan with greater breadth for ER&E than the current p'lan should be
devel oped.

This study was felt to be timely because (l) the Federal Govern-
ment has recently published modified R&D plans on both atmospheric C02 and
climate, and (2) approximately two years have elapsed since ER&E's plan was
concei ved.

The conclusions and recommendations from this scoping study are
contained in this report, along with descriptions of government andinstitute R&D, Exxon's projects, and the legislative situation. Text
material includes references to source documents for those desiring
greater deta'il.
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EXECUTIVE SUMMARY

l. The main conclusion of this study is that the ER&E projects underuray
and planned on C0, are adequate to serve Exxon's needs. These projects:
. are engaging us directly in technical areas which are critical

to resolution of the issue,
a are providing an opportunity for us to develop a detailed under-, standing of the total Federal atmospheric C0, program which the

Corporation needs fori ts own planning, and'
o if successful , will likely provide recognition for Exxon for

making important technical contributions to this globa'l
environmental issue.

An expanded R&D program does
benefi ts. It would require
requ i re additional funds on
appears unlikely.

not appear to offer significantly increased
skills which are in limited supply, and would
the part of Exxon since Governrnent funding

The recommendation is not to proceed wjth Phase II as described in the
Contract Research Management System. Two actions suggested by this
study, however, which would improve overall planning are:
r to establish a singie point of responsibility for collection,

interpretation, and dissemjnation of C0, information emanating
from Government and industry sources, ahd

r to develop more specific information on the R&D plans and
attitudes of Governments outside the United States in recog-
nition of the fact that atmospheric C0, is a global environ-
mental con cern.

Responsibil ity for these two actjons should be assigned to the
Contract Research Division of Corporate Research's Technology
Feasibility Center with assistance and consulting by the Contract
Research Office, Coordination and Planning, and Dr. James Black
of Products Research Division.
The C02 program has been made an element in the recently developed
National Cl imate Program plan. Project plans on C02 wi'l I therefore
become increasingly dependent on how they might contribute to accom-
plishing the objectives in the climate program area. Dr". James Black
has been fol lowing developments in the climate area at the Federal
level . He will report to the Contract Research Division the Govern-
ment R&D information and events within the climate area which might
specifically impact the Federal C02 R&D program. This assumes the
assignment to the Contract Research Division of the responsibilityfor the two actions recommended in number two above.

Exxon is an industry leader insofar as involvement in the COZ R&D
program is concerned. Participation by individual companies other
than Exxon appears to be I imited to auditing Government meetings on
the subject. An API group on C02 has been formed in which ER&a is
a member.

a

4.
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Models are the basis for^predictions of climate changes due to anincrease in atmospheric C02. However, model.ing has iot reached inadvanced.stage. In connection with Dr. Black'i climate aiiiriiiel,he-will keep_the Contract Research Division apprised of what the--'cl imate.modelers are saying about C02-induced' iffects. itriie-firealc_tions will influence the perception.6f the problem by fey grouis suihas Congress, Federal R&D groups, and the pubtic.
The Government is unlikely to shift from reliance in this particular
area on universities and Government laboratories to sponsoiship ofindustry program. proposal s. However, the Department bf fnergy'ii
expected to react favorably to the current Eixon proposal which
suggests joint sponsorship by Exxon and the Goverineirt for the workbeing conducted aboard the Esso At'lantic.

6.
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GARDING COMPREHENSIVE PLAN DEVELOPMENT

The objective of this C02 scoping study,.lvirich corresponds to
Phase I of the Contract Research l4anagement System(l), was to gather
and assess information on the issue in order to decide whether to proceed
with Phase II. The conclusion reached was that a comprehensive research
pian is not justified. This conclusion is based on:

r a reappraisal of the projects selected for our
own C02 studies in the light of the latest
Government C02 R&D p1ans, and

. an estimate of what the benefits might be and
who would pay if we were to undertake additional
techni cal proj ects.

These points are addressed in a later section of the report (pages l0 andil).
The recommendation, therefore, is not to proceed to Phase II.

Information gathering, interpretation, and reporting should continue,
however, along with the project work already undenJay. A conclusion
from this scoping study is that more information should be sought on the
plans of Governments outside the United States in recognition of the globa1
nature of the C02 issue. Consideration should also be given to establishing
a focal point for information gathering, interpretation, and reporting.

(t ) Phase I yields the program-specific intelligence report and the
conceptual program outline. The intelligence report is designedto be useful to ERE program pianning even if program developrnent
does not proceed to the strategic development phase.

Phase II generates the strategic program plan for the subject
high impact program area. It establishes overall objectives,
defines limiting program areas, establishes the several sets of
sub-program objectives which nrust be achieved before the overail
program objectives can be realized, identifies and defines the
necessary projects, the program logic, project pian, implementa-tion strategy, and program resource requirements.

Phase III involves developing detai led project proposals and
pl ans .

Phase IV involves conduct of the approved projects.
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GOVERNMENI AND INSTITUTE R&D PR.OGRAMS ANDJLANS

The "greenhouse effect" has become recognized in recent years
as a descriptor for a globa1 .warming effect due to build-up of C02 in
the atmosphere. More specificaliy, the term connotes an upset in-the
earthrs thermai balance caused by the reabsorption of infrared radiation
from the earth by the C02 in the atmosphere. An upward trend in C02
content is well documented through measurements since 1957 by weath6r
stations of the United States Government. The potential impact on
climate concerns many people ('l,2). It forms the justification for asignificant technical effort on C02.

The Federal expenditures on the C02 issue were 14 Mg in thefiscal year just completed. Four principal groups in the Federal
Government are involved - the Department of Energy, National Science
Foundation, Department of Commerce, and Department of Agriculture. The
work is essentially all done by in-house Government laboratories and the
academic community. A unique feature of the Government's C02 program is
that it is one of the few non-nuclear environmental programs-in which EPA
has -not been-the prime mover. This role in the case of C02 belongs to the
environmental group in the Department of Energy, which has-been responsiblefor launching the program and giving it direction and momentum.

The program plan has been evo'l ving since 1977 with the help of
DOE-sponsored workshops on the subject (3, 4, 5,6,7) and an Advisory
Committee on Atmospheric C02. Participating in these activities have
been personnel from Government, universities, institutes, and environ-
mental groups. The American Association for the Advancement of Science
has also been actively involved in conducting a workshop (3) and assembiing
information. Workshops have also been held in Canada and Europe by other
9roups.

The second and latest version of the Federal C02 R&D plan became
available during the period of this scoping study (8,9). This program
and the acid precipitation program, covered in an earlier companion report,
are similar in many respects. Both Government programs involve efforts to:

. better establ ish trends,
o understand the physical and chemical processes involved,
a identify the contribution of nature as well as man to these

Probl ems 'a develop improved models, and

r fill in many inforrnation gaps related to such things as agri-
cultural impacts, aquatic effects, etc.

Both programs wilI involve major R&D efforts throughout the .l980s.
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The goal of the atmospheric C02 program is to:
"develop.the_ability to predict agricultural , environmental ,and societal consequences! both national and international ,of increasing atmospheric concentrations of carbon dioxidewith sufficient confidence to permit informed po1 icy deci-sions to be made,on the use and development of energy andother resources. r'

A diagram showing program elements and their .inter-reiationships is given
on page 6. Uncertainties lie in four principal areas: sourcei of cirbondioxide; the global carbon cycle; the tining, magnitude, and globaldistribution of climate changes; and socioeaonomic impacts.

Answers to the following questions are being sought in orderto evaluate possible courses of action:
r What will be the future atmospheric concentrations of C02 for

various scenarios of carbon dioxide releases to the atmoiphere?
r What will be the climatic response to these elevated C02 con-

centrati ons ?

r Hor.r wil l these climate changes, along with the increased C02
concentrations, affect the geological and physical environmEnts?

r What, if any, wili be the effects of these changes on human
soci eti es ?

r In the event these changes are undesirable, what actions can be
taken to prevent or counteract them? 0r to improve adaptat.ionto them? If the changes are 1oca11y beneficial , how can these
regi ons be i denti fi ed ?

Emphasis at present is on the first two of these five questions. Keydates in the program are 1984, when an interim assessment of the pro6lemis scheduied, and 1989, at which time a full report is to be made bv DOEto the "po)icy community" (executive, Congress, and public).
Neither the Electric power Research Institute nor the GasResearch Institute are significantly invoived in c02 R&D at the presentti me.

At present, international leadership is shared by the Inter_national council of scientific unions (ICSU), representinq- the academicworld, and the World Meteorological 0rganiziiion (Wt-t0), r6presenting theGovernments. Since I976, more than ten internatidnal'meetings have" 
- -

focused on the carbon dioxide problem. A special working gr6up on-carbondioxide exists in WM0. C02 research is alsb camied out-nj nationai --
Governments such as the Federal Republic of Germany, Austrilia, and srveden.
Il:,.plui:,9f-these groups shoutd bb obtained in fuiure monttoiing of COlwork. rhis scoping study indicates, however, that a special eff6rt wilTbe required to acquire them.
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The Federal research program on C02 is now integrated into the
National Climate Program being administered by NOAA. This program was
developed in response to the National Climate Program Act of .1978

(P.1. 95-367). The total funding in FY'80 for th6 National Climate
Program was ll5 M$. In the fiscal year just begun, the support for
climate research will probably increase about l0% over .l9B0. The objec-tives of the program are to more effectively organize the Federal
Governmentrs efforts on ciimate research, improve forecasting, and
determine effects on agriculture, water, and other areas. The activitywill have a significant effect on the C02 program and will be monitored.
Climate program information is contained in References 10, ll, and 12.

Discussions held with officials in the Department of Energy
and the Council of Environmental Qual ity as part of this scoping study
are documented in References 13 and ,l4.
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EXXON TECHNICAL PR0JECTS RELATED T0 COa

ER&E's.atmospheric C02 program wasyears ago following an assessmeit in which abilities were considered (.l5, ]|6, 11 , lg, and
Exxon's involvement, as stated in the program
Management Council (20), was to:

I aunched approximately two
number of project possi-
l9 ). The rationale for
recommendation to the ER&E

,a make an early assessment of the possible impact of the greenhouseeffect on Exxonrs Business,

r form. a responsible team that can credibly carry bad news, if any,to the Corporation,

a develop expertise to evaluate Government programs,

r provide the Government with high quality information to reducethe business risk of poorly formulated Government policy, and

r generate important scientific information that w.i ll enhance the
Exxon image and provide publ.ic relations value.

Additionai background is contained in a Ietter" from E. E. David to
9. T. Pjgryy (21 ), in a proposa) now pending with the Departrnent of
Energy (22), and in a handout used in a meeiing with Exxbn,s Gas
Department on December 3, .l980 (23). The technical activity on C0,is-being caryi9d out in ER&E's Corporate Science Laboratory (Tech-'
nology Feasibi I ity Center).

. The ER&E projects are aimed at helping to resolve the roles ofthe world's oceans and forests in establishing ihe global carbon balance,
The projects were chosen based on the known high priority given in the
Government's program to these particular technicai areas-aid our perceivedabilit^y to provide some unique capabilities and innovative approaches.
Two of the projects (one of which has not yet been activated) dea1 withobtaining.information which will primarily serve to estirnate the net 91oba1C02 flux into the ocean. This knowledge is important because the rat6 dataaffect the residual atmospheric C02 accumuiation. The results are needed to
develop improved models for making future projections. The third projectwill help establish the reiative annual contribution of fossil fuel combus-tion and of forest clearing to the atmspheric C0, inventory.

The major portion of Exxon's expenditures to date reiates to
one of the two Exxon ocean sampling projects. This involves sampling
the Indian and Atlantic Oceans from on-board the tanker Esso Atlantic.
A computer-controlled C02 medsurem€nt system has been developed and
instailed on-board the tanker. In addition to simultaneous ocean and
atmospheric C02 sampling, other data which are critical to understanding
the dynamics of mixing in the ocean wili be obtained. This will
eventually involve continuous measurement of gases such as N20 and CH4
using a gas chromatograph and determination of Ct4lctz ratio in the C02
dissolved in the surface ocean water.
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The second ocean sampling project will involve measuring the mass
transfer coefficient at the air/sea interface as a function of weather
conditions and sea state using naturally occurring radon-222 as a tracer.
This will involve working from drilling ships. This project will 1ikelystart in 198].

The third project involves an innovative approach to studying
the relative contribution of fossil fuel and forest clearing to the C02
atmospheric 'inventory. Carbon-l4 measurements will be made on wines of
varying vintage in order to estimate the composition of the atmosphere
that existed at the time when the wine was made. Carbon-l4 presence in
the wine can be attributed to photosynthesis effects since Carbon-.l4 is
virtually absent from fossil fuels. The project was initjated in .l980.

Exxon appears to be an industry leader insofar as involvement in
the C02 R&D program 'is concerned. Participation by indiv'idual companies
appears to be limited to auditing Government meetings on the subject.
The American Petroleum Institute has established a smal'l study group on
C02 on which ER&E is represented. However, no formal proposa'l for work
haE been developed as yet. The International Chamber of Commerce is
considering the development of a pos'ition paper on the subiect.
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KEY gU_ES_U.0N.S -rN ASSESSIII.G NE_Ep 3N_p B.ENEFTTS- F_09 PHAS.E rr

Three questions were regarded to be of prime importance in
assessing the desirabil ity of moving into Phase II with this study. These
ques ti ons were as follows:

. are the projects selected for ER&E's own C02 work still
appropriate in the light of known changes in the Federal
R&D program,

. are there still other technica'l questions we should do
research on, and

r assuming new projects were conceived in a Phase II, what
would be the prospects for funding by the Federal Government?

Little benefit to moving to Phase II was apparent when ansvJers were
formul ated to these questions.

In considering the first of these questions, the latest Federal
atmospheric C02 plan vras compared in detail to the plan published earlier.
The logic in making this comparison was that the Exxon projects wereoriginally selected to complement the projects in the Government,s own
program and the intent was to openly exchange information and perhaps
share costs. The changes made in the Government,s p1 an since the Exxon
pnogram was conceived v.,ere not found to be of major consequence. There-fore, it was concluded that there js no need to modify our existinqproject plans.

The situation was also analyzed from the standpoint of whetherto expand the number of projects in ER&E's p1an. The Federal p'lan on C0
was used to survey the virious possibilitiei since it contains u .orpt.t3
set of projects necessary to the resolution of the questions on C02. The
one area which initially looked attractive in this assessment was [artici-pation in development work on improved models to predict temperature
increases due to C02 build-up in the atmosphere. These predictions govern
the perception which key groups have of the seriousness of the problem.
Many groups are working in this area under Government sponsorship.
However, modeling has not reached an advanced stage of development.
Unfortunately, in order to make significant technical contributions to
the modeling area, Exxon would have to develop skilis which are in limited
supply. The conclusion, therefore, was that the probability is 1ow that a
detai led planning effort such as Phase II would lead to additional
attractive projects to add to what is already planned.

The final question is somevrhat academic in the light of the
answers to the first two questions, but the answer nevertheless is
instructive. The question was aimed at who would have to be the funding
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source - Exxon or the Government? Discussions were held with the Govern-
ment program planners and also the Federal budget funding trends were
reviewed. The results clear'ly indicate that the Governmint is unl ikelyto fund any new projects with Exxon beyond the proposal currently pending.
There are two reasons for this:

. the tightening up of the Federal budgets, and

r Exxon competition with the academic cormunity for contract, funds.

The costs of additional projects would, therefore, accrue to the Corporation.
Inasmuch as Exxon is already heavily cormi tted financially, further considera-
tion of additional projects does not appear worthwhile.
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L.EG ISL4TIV-E S ITUAT ION

_ -The legislative situation concerning atmospheric C02 hasreviewed from two aspects. The first is legiilation as it reTates
C0? control for environmental reasons, -he-second is legislationrelating to the technical activity itself.

been
to

There is no near term. threat of legislation to control C02.
One reason for this is that it has not yet been proven that the incieasesin atmospheric C02 constitute a serious problem that requires immediateaction. In addition, even if some action were to be taken, the optionsfor reducing C02 -build-up in the atmosphere are relatively-limited. It
has^been shown, for exampie, that the.cost of scrubbing lirge quantitiesof c02 from flue gases is exorbitant (24, zs). Indireit coitrol measures,
such as energy conservation or shifting to renewable energy sources,represent the only options that might make sense.

The time at which consideration might be given to some specificIegislative action is difficult.to predict. -lt wili depend on suci' thingtas.(1) attitudes of the new.adminisLrat.ion, the new Congress, anO ltre puOtic,(2) llg inrpact that any legislation might have on the eiergy'suppfV iiiuation,and (3) the techn'ical information being developed in the vii^ioui piograrns.
The c02 issue has. already been the subject of iliscussion at congrbssionalhearings, a workshop of the National commission on Air Qual ity."and a recentgpecial report by the Council .on Environmental Quaiity (26, Z7-,-28 and 29).A date of some significance in this developing pictuie is-,l984. This is thepoint in the Federal c02 R&D program when an interim assessment report is dueto the "po1 icy community" (executive, Congress, and the public). i'luch workof a highly technical nature wjil be required in the intbrim t6 fill in the'information gaps- that exist on the globai carbon cycle, effects of C02 onclimate, and effects of climate on the remainder oi the environment.

The 0ffice of Science & Technology Policy and the Nat.ional
Academy of Sciences are to carry out a comprehensive study of the
projected impact of fossil fuel combustion, coal conversion and related
synthetic fuels activities on the level of C02 in the atmosphere. The
aim is to develop an international, world-wide assessment of the problems
involved and to suggest whatever research seems appropriate to resolve
these problems. This study, which is due in mid-1984 at the latest, will
have a major impact on the technical program to follow. The desirabilityfor ER&E to monitor developments on this study and input to the study is
obv ious.

This joint study is mandated in the Energy Security Act passed
earlier this year. A copy of the pertinent section dealing with this
study is provided in Appendix A. The new administration would be expected
to have an impact on the approach which is taken in the study.

Control s
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APPENDIX A

TITLE VII OF ENERGY SECURITY ACT

gubtrlb 8.-<rrboa Dtoddc
ttlgDt

SEc. 7rl. (.) (l) Tba Dt!6td d tic O6c.
ot SclcEca urd T..hh^logy Poltclr ahaU cDtarlolo lA aglecEtaDt sltJt th. N.tloqlll Acrd-
aroy ot scjcDcra to aarlt ou! a (DrtlplcblD-

_alvc aludy ol lba ploloct <l lEpact, otr jba
laval ot carboa .Uorldc b tha atloospbcr!,of lossil tucl cobbustlolr. cod-colvarslo!
aocl releted .yltbcgc tudL rctlvluaa tutbor-lz.tl la tb8 Act, rDd oth.t lourca& guclt
aiudy Sboultl aL6o tttcluaia .It a3gassqtcB! ot
iha acoaomic, pbt6lcrl. cllEatlq aDd rocrd
Cttacrs ol auc! ltap&ra. Ia cooalucttDg auc!
aludy lba OAc! .od ila Acrd.E r"-! aa-
couraScd io 9orl vltb aloe..dc aDCl to!-
atgE SotGrD'lilltlt tad lou-gdvcrDEaDtal
a[h!le!, llal ltrtarDruobd cudtlas. !o ri to
alcvllop rd ltrt rnlloDal, *orld$lala asscas-
ti.nt ot lbr probl.Er lrlrotvd and to tu3-
3a6! 3UCh Ortgtltl lrr.aarch ott ant aq)rc! ot
ruch problttis r! lla Aail.-?.deel'la Dec6-
aart(2) 

'!. 
E 6ld.!r .tdl rapolt to tbc

CoDgFsr rltllD 6lr !rt!a al!e! tlrt alare ot
thr cD!ctn!a!! d !!! Act t.geldllB $c
r6rus o! thr o6c.l B.golltuoD. lo lEplc-
tncn! tla 6!u4y rlqulJld rbdc! tblr lactlolt.

1b) A rrpor! tDiludlbt t5! EaJol OBdiDgs
lnd EcoeroaDdrttoBa r!'uruDg hom thc
rludy lcqulr.d rbdar tbll !.ctlon thdl b
rublr.ltt.d to t!! Coatr!.a by tha O6ca rnd
lbc Acaaleroy ao! bt t ibro tbrc. ycrl! att.l
lha data ot lba cDlctEau! ot tbL ac!. Tbc
Ac.dcrly coolllbutlob io Jrch l.Polg ahtll
aot br tublacl to rBy Prl(,a claalaaca ot L-
rlrq', no! 3brll rDy Drlo! clatrrnce ol con-
dltlons bc tEposrd oD lba acsdarDt a! PalE
o! !b. rgr.€drln! El^da by lha olicr slth tbt
Acadeby ud&a tbL &ciioa. Such tcport
ahrll lD alt avcqt lDcludc rlcoblocDal1llonl
rc8ardiat-

t I I hoe a tolt-larEr prograd ot dotnlstlc
ind lDlcrDltlolal ntsaatcb, rloDllo D3.
modellog, tDd rsscismaat ot tltc causcS alral
cllcct! ol vrtttDS lcvaL ot atErosphrrlc 6a-
boa aliorlda rhould ba &roq!urc<I. lncludlnt
cornsrcDta bt tba otnca ol tbc lntarrg.lct

acqulrcrlcDt! ot auc! r ProgrrD and co&-
tncDtt by lha s€c!.t$t ot stitr on thl lD-
ta?DrtloDrl lgrc.arreDla naqulrtd !o crlrt out
auch t prograE;

(21 how lh. gnltdl 8t3t!! cen bast plot
. rol! h th. d.vcloprDadt ot ruch I long-
iarm Progrrtn oD rD lDtarDauoorl b33lt:(31 *b.t dour*ttc tFsurces ahould ba
6ada rvallrbl. to aucb r DtlgraE:(a) hot tba oDgolBg UEltad Slrtcr Oov-
amrnanl calbon dlorlde is6a35rr1aDt progirm
ahou,d bc Blo<tllad ao rs to ba ol ttrcrca3adutllltv tn DlorldlD8 lnlorErtlo! tDd racon!-' drrndallont ol tba bt?h.3t po!3tbla 6luc togorarnbeDt Doltct Ealcll: aDd

(E) t!. DcGd tor pcrrodtc Eportr to tla
Corrgratt tD coojurcgoA rlth trt lo|rg-actrn
Drogra.E rba ottcr ald tha Actdaey Ety
nacoa!ftnd uDdrt thlr r!c!10D.

(c, tha Sccreta4r ol EDcrSt, tba Sdcrrllrt
ot coh.mctcc, lba A.r-r-1!!!ator ol l.ba E!-
rlron6cDr.,l ltollclloq ageDcy, a.Dd tba Dt-rcclo! ol thc llalloDal ScllDca Fou'ralatloa
aball turnlsh to tba OEc! or tba AcactcETrlDoa requast aDy ldlorEtauo! tehr4b tDa
Odica or th! AcrdcEt Celcrellc. to baDcc.slrrt toa purDosra ot coDductbt tha
arudt Flquln<l bt tbb aecflo|l.(dl Tba OGca aball provtdo a reptrat!
a3!c6sECIr3 Ol tla l4arrtaoct laglrlttttlcDtato lrnplamaal I colrprebalstra DloltrE lgt
tha typa dascflbod l! tba tblrr! 6aD!a!ca ol
tuboccuon (b).

^(trrrouartol ot arttollxttot t
8Ic. ?12. For thc crpeDset ol crfitlDg outth. carloD dloxldc trudt rutlortzcd by!.cuo! ?t! (rt d.!.rml!od by tbc ol!c! ofScla[ca .!d TaclEoto3y Foltcy) thcrr .ra

aur,borl"2al to ba approprlstad auch ruEl.t,Do! axcc.cllag UI.O0O.00O b t&a rggEgrta,ra E y oa aacasrry. At lclat a0 D.rE!-D! 0trDy rDount. .Dprop a!.d Dulauatr3 to tba
Dnc.<u!g taDlaDcc ahalt ba provltt.c to rbN.tlonsl Acf,dadt ot Scla!4r.1


