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W. Hifele ‘ May 22, 1975

I. Scope

The work of the IIASA Project on Energy Systems started in the
summer of 1973 with the IIASA Planning Conference on Energy
Systems. The Proceedings of the Conference experiénced an
unforeseen large distribution and elicited a high response.

The paper by W. Hifele on "Energy Systems" which was reprinted

in the TAEA Bulletin also gained much attention. The shortened
version of the paper as published in the American Scientist , }l '
also received wide spread interest. J?Lﬁg;..j
This helped to establish the scope of the Energy Project. th

is of a medium and long range nature without leaving aside more
short range aspects. In the long range there is more than one
option for a practically unlimited supply of energy, while the
short range problem is a sufficient supply of fuel, in particular
of 0il. The most interesting question therefore is the tran-
sition from these short range conditions to the long range
situation. This points to the period of 10-40 years from now.

The characteristics of the scope of the energy work at IIASA
are in particular the aspects of timing and decision making inﬂﬁy

connection with technological strategies. /{/j;jﬁ,:
; '1;)
4t
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II. Energy Options £ ﬂpﬂf
~\

In the long range there are four and a half options for the
supply of energy that are not at all or only very mildly

resource. constrained:

a) nuclear fission (breeding)

b) nuclear fusion (D-T reaction)
¢) solar ﬁowér

d) coal ~(half annéption)

e) geothermal energy



thelr system 1mp11cat10ns
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a) the option of nuclear fission ot o,wfjb ./L ;ﬁw {0 S
During 1973 and 1974 the attentlon was orf the optidbn of nuclear

fission. A, Manne and W. Hifele built a LP moagl that describes

the strategies for the transition from fossil to nuclear fuels.

It was published recently. R. Avenhaus, W. Hifele and P.McGrath— - |

have written a major paper that concentrates on non- economlcalféuﬂﬁgam

considerations for the deployment of a large fuel cycle. Thli/éiﬂb

paper is in publication. P. Sint prepares an objective f‘unctlorf"9 é&

for pollution as an alternative for the objective function th E&m

asks for discounted costs. The work on the option of nuclearT\ u&im

fission was meant to press for comprehensive views. A whole —_—

literature exists on each more detailed aspect as this option

has experienced much 1ong range planning-m-much in contrast to
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other technologies.

Recently C. Starr and W. Hafele published a paper that marks
a beginning in the comparison of f%551on and fusion breeders.
Starting from there, a task force Was ‘formed to make such a com-
parison in greater depth and with partlclpatlon from both sides,
fission and fusion (see VI). A comprehen51ve e ort might be ex-

‘pected by the end of this year. \ ,bo, 4?;Z:Z;ﬁﬁa ) .
_ T2

¢) the solar option

With the remarkable assistance of the National Academy of Sciences
in Washihgton it was possible to get Dr. Wéingart to ITASA and to
provide broad background information on that option, particularly
coming from the Aerospace Corporation.- At IIASA he is supported
by Mr. N. Weyss. A. Suzuki and L. Schrattenholzer extensively
apply and develop:'the LP model for technological tranéitions. A
total of three major papers on the solar option are expected to
~be ready byithis summer, concentrating on a technological survey,



the 1dent1f1ca1ton of system problems and constraints and the,//’//)&
application of the LP procedure to the problem of a transition

from fOSSll fuels to an all solar soc1ety‘ St;LLﬁgueq%z,
R A agp (1T
d) the coal_optlon e *ﬁabw certondiis
T T / A (5:"'59 (Ml—‘l&tvb

Contacts were made to the U. S. Geologlcal Survg;, the German
Ruhrkohle, the British Coal Board and the CSSR group at Ostrav
with the hope of setting up a_task force that would work on the
identification and description of the coal option. By that

a truly large scale use of coal resources is referred to, say a &'

factor of 10 or more if compared with today's operatlons (see - ¢ &
Y
VI). A first and small workshop was held along these lines. ﬂ@ilyé
If the participation of the above\mentlgned institutions ¢ ﬁLfffubb
76

be fully assured, a comprehen31ve report on that option could
be expected by the end of next year.  Work along these lines is
pursued by. M. Grenon, W. Sassin and C. Marchetti. '

— e m— s

Work has only recently been started on this option by M. Grenon.
But there are indications that the French National Member Organi-
zation might be helpful in'starting this work much in the same
way as the USA Nat10nal Member Organlzatlon was helpful in the
case of the solar optlon

The work on the various options foilows-—for methodological
reasons--the idea to carry each option to the extreme, that is

to provide all of the primary energy this way. It is felt that A
such an extreme consideration brings to the forefront the strengﬁhs
and weaknesses of each option. It should therefore be possible to
identify sequences of decisions that could lead to optimal mixes

of such options: The exclusive consideration of each option is
therefore not an end in itself, but a too} for a later synthesis.

ITI. More Specific Tasks

The 1973 Planning Conference pointed to the problem of embedding

the flow of energy into the cﬂjnip?ufﬁi C
& L C{)”’)L’WV
- hydrosphere - ‘ (il e

- atmosphere



- ecosphere
- sociosphere

It is anticipated that this will :constrain the use of long
range options that aré,free df resource constraints while the
éhbrt range options are rather characterized by the fact that
they are resource - and that :is fuel - constrained. In a more
general sense, to understand the constraints that come from em-
bedding is one of the major themes of the Energy Project. It
is against that background that the following more specific ac-
tivities have to be seenr

Welnberg and Washington started:iﬁ 1971,a line 'of investigation that
tried to identify impacts of laﬁgé amounts of waste heat on the
global climate. The results were not conclusive. It was felt

that such climate impact could come out to be a constraint in the
above mentioned sense. Contacts wefe made through the British
National Member Organization with the British Meteorological Office.
They made available their computer code for their large global
atmospheric circulation model. It was operated at the computer
ﬁ.cw* r] Japon i
gt i B L i
Two numerlcai egg%;ipents were made lookln%/zﬁgg the 1mpacﬁ of

2 x 1.5 x 10"" Watt on the global ¢limate! Each 1.5 x 107 'Watt were

concentrated in energy parks. At the end of April a small expert

_center of the Kernforschungszentrum Karlsruhe.

meeting was held for presenting énd evaluating these results. With
the pxesent state of the art of climate evaluation no major impact
was 1dent1fyab1e in this round of investigation.

A. Murphy from the National Center for Atmospheric Research at
Boulder, Colorado, USA, condﬁcted most of the work. He was assisted
by C.H,Yang, Bedford, Mass., USA, and G. Spannagel from Karlsruhe,
FRG. A report that summarizes the work of this phase will be
available by this summer. This activity forms part of the inter-
face to the Water Project and the food interests of ITASA. Along

V
( j/;’aﬂ,_ war.
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"this line more work is intended. MWL &'

b) resilience D - 3
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The term r85111ence was 1ntroduced by C.S. Holllng, project- leadep
of the Ecology group It refers to the ﬂénlte capability of ab}
sorblng impacts. in a system that is governed by non-linear re- .
lations. While it has heen helpful.in conceiying certain schem§s-
it was felt necessary to look into a quantitative scheme of deéling
hith the aspect. Specifically, it is hoped that resilience ca& be
made an objective function in a LP or dynamic programing procedﬁref
If compared with optimal solutions that use other objective fudc-
tions, and specifically discounted costs, a formalized policy %
analysis and support for decision making under uncertainty is i
pressed for. This is expected to be of importance in the compafison
of options. But the more general impiications of the resilienc%
approach may be by far moreAimpdrtant This resilience investij -
cts.

tion 1s a common 11ne with the Ecology and the Methodology proj
: il Casp M- pudi T« Lucasn e
A first very.31mple model waf onceived by W. H&fele., It considers

glsocio-technical set of non¥linear relations that relate popula-
tion and per capita energy consumption. Nevertheless it captures

the essence of the resilience idea as it makes apparent topological
"basins that appear desirable or'undesirable,respectively. This

model is now being generalized and made somewhat more realistie,
considering population (labor for that matter), energy and capital,
with risk perception being endogencus in the model. R. Grimm and

R. Avenhaus, together with W. H&fele are involved in that.

Especially to be mentioned here are the contrlbutlons by C. Winkler

and D. Bell of the Methodology Project. s wile = bnfe-c 1. ' P
- L A/ Voo e

14"
¢) risk ‘evaluation _ ‘ b
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The joint IAEA/IIASA Study Group on Risk Evaluation is now fully
operational. It concentrates on the understanding and the modeling
of the risk aspect. Among other things one attempt is made to
distinguish between voluntary and involuntary risks, between public
and individual risks and objective risks and their subjective per-
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ceptions. A first set of reporﬁs on the value of lives in de-

cision making has been finished. From ITASA’s side Mrs.H,Veli-
mirovic and Miss JJLinnerothrparticipate in that group. tater,

P.D. Pahner will join them. The team leader is H. Otway, IAEA.

The scope of work of this group covers the aspect of public

acceptance of technological measures, including nuclear power.

Already now the work of .this group is receiving a great deal of atten-
ticwuas-itis ohly at its beginnings. A major set of results is

to be expected at the end of this year.

— — ot Gt A b Gy e e W e e e e e s e

C. Marchetti has made comprehensive studies on the penetration
of markets by new technologies. It appears that to a very high
precision the logistic curve allows for the representqtion of such

market penetrations. ﬂﬁy;&ﬂJMi““*‘k“{“u{'“nﬁ

C. Marchetti gives major emphasis to the evaluation of a long -
range normative scenario where a major portion, if nﬁt all, of éjﬂ

the primary energy demand of a region or continent‘gp met by iﬂfﬂafrl
nuclear power installations on an island in one of the oceans. ct

The energy produced would be shippéd as ammonia or liquid hydrogen

much in the same way as is the case with o0il today. Such islands

"in the oceans would therefore be a substitute for oil fields. The
normative scenario may be instrumental in understanding the po- He P“J*&;

tentials and material dimensions of nuclear power. :ﬁ;ifﬁiif;r_,d,,,—
/

e) secondary energy systems, energy parks /f
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W. Hifele and W. Sassin have studied the applicati ﬁs of nuclear
energy for uses other than the generation of electricity. The
findingswere presented at the recent joint European Nuclear So=
ciety/American Nuclear Society meeting in Paris (April 1975) and
turn out to be a basis for understanding the implications of the
large scale deployment of energy systems. The emphasis goes to
secondary, centralized energy systems. W. Sassin, after his
arrival at IIASA, will evolve from there and estéblish_a working
liaison with the Urban Project on this basis. _/L“{,_._;>
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f) accountability ~fx“’{N¢9P”b
Evolving from the accounting of nucléér material in context
with the IAEA safeguard system, R;”Avenhaus has written a major
monograph of such (generalized)féccounting systems. It includes
aspects of gaming and optimizaﬁion and procedures for inventory
taking. This monograph will be one of the first contributions
to the IIASA Handbook and establishes a link to the Survey Pro-

Jject of ITASA.

g) siting | s L__ugtgtéw’
An attempt is made to formalize procedures for decision making in
site selection. J.Gros is trying to apply work that he did at

Harvard, R. Keeney and R. Avenhaus look into the policy issues of

siting a reprocessing plant.

IV. Energy Resources, Energy Demand

Understanding energy resources is an important basis for the
Energy Project. A policy was adopted to use the data given
at the World Energy Conference of 1974 (Detroit, Handbook) as
a basis for the IIASA Energy Project. IIASA is too small a
group to start a major data gathering processes of its own.
Instead, the emphasis is on the evaluation and comparison of

~methods for the assessment of resources. M. Grenon is conducting

that work. Previously it was N. Kourochkin who started to pursu ‘M/JI:
this aspect. The major conference in May 1975 is a first bench- /j;}f;?
mark for that work. , ,;&”"'ﬁ

¥ M
Equally important is the understanding and modeling of energy L%*/“

i

demand. The econometrical approach to it is led by W. Nordhausf
and P. Tsvetanov. In 1974, R. Eden helped to incorporate data
from the U.K. More on the engineering side is the effort of
J.-P. Charpentier. He studies the energy content of a wider variety

of products in industry and agriculture.
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In 1974 J.-P. Charpentief.conceﬁtrated on the compilation of
existing models for'energy_demand and supply. The first pub-
lished compilation received attention; at present J.-P.
Charpentier is preparing a follow-up version of it. In May 1974,
a. IIASA conference was held on energy models. This was a first
benchmark. The conference on energy demand in May 1975 is
already the second benchmark. 5

Both our work on resources and on demand are considered an

ongoing theme that is expected tc continue for a longer period
of time. ' j /

/

V. Comparison of Options. An‘Outlook \//

After having explored to some'extent the scope for theIEnergy
Progect as envisaged 1n 1973, a maJor paper (or book) following

up .the Proceedlngs of the: 1973 Plannlng Conference is env1saged
for the end of 1975 beglnnlng of 1976 As we go along this

should allow no more to concentrate on methods for the comparison
of optlons. Recently the Unlted Nations Environmental Program
_1n Nairobi, the Internatlonal Atomlc Energy Agency in Vienna, and
the World Health Organlzatlon in: Geneva have jointly approached
IIASA with the idea to have IIASA_develop a set- of procedures for
the comparison of energy'opticnsi The Energy Project is taking up
‘this proposal. It is intented to make it the backbone of the '
future work of the Energy Group end, to that extent, follow a
process of concentration. (Attached to this document is a pfoposai

for such work.)

vI. Renafksténjtﬁe,Cﬁﬁdﬁctfcf Work

a) task force

The Energy Group of IIASA is very small in absolute terms. Besides
_looking more generally for cooperation it will in particular pursue
the idea of joint task forces. The task forces now in operation

or preparation were mentioned above. They are the following:



1) fusion-fission breeders

Participants: - University of California, Berkeley, U.S.A.{(fusion)

University of Wisconsin, Madison, U.S.A. {(fusion)

Kernforschungszentrum Karlsruhe, F.R.G.(fission)

Academy of Science, Moscow, U.S.S.R.(fusion,fissionl

This work is supported by the Electrical Power Research Institute
at Palo Alto, California, U.S.A.

2) coal option

Participants: - U.S. Geological Survey,Reston, Virginia, U.S.A.
(to be con- ' . omtverband Deutsche Ruhrkohle, Essen, F.R.G.

firmed)
. - British Coal Board, London, U.X.

- Ostrava-Karvina Coal Mines, Ostrava, C.S.S.R.

The intent is to continue and extend this scheme of conducting
IIASA work,particularly so because this might make it easier
to include industry in the activities of the Project.

_— e e e m v v madt mer e o e — —

Besides inhouse work, collaborative work, task forces and con-
ferences the Project considers it necessary to have individuals

or teams visitiné the member countries and interested institutions..
Here is a list of such yisité:'

- U.S.S.R.: visit by H. Raiffa, W. Hifele, March 1973
visit by W. Hifele,M.Grenon,T.Koopmans,C.Marchetti,

W. Nordhaus, December 1974
visit by W. H4dfele, J.P.Holdren, J. Kulzinski,
G. Kessler, February 1975
visit by M. Grenon, P. Tsvetanov, February 1975
- U.K.: visit by W. Hifele, May 1973
- France: visit by W. HAfele, June 1973
' visit by W. Hifele, M. Grenon, April 1975
- U.S.A.: visit by W. Hifele, November 1973
visit by W. Hifele, September 1974
visit .by M. Grenon, October 1974



Canada: visit by W.
F.R.G.: visit by H.
Pakistan: visit by W.
C.S.S.R.: visit by W.

W.

Hﬁféle, September 1974

Raiffa, W. Hifele, November 197X
Hifele, May 1975

Hifele, C. Marchetti, M. Grenon,
Sassin, P. Tsvetanov, May 1975

A visit of the Energy Project to Bulgaria is planned for

October 1975.
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DRAFT

The Comparison of Energy Options:

A Metﬁédoldgical Study

SUMMARY;

In the past energy-related decisions have often
been dictated by shorter-term considerations combined
with market forces; however, it is now necessary to
include the systems implications of various energy
options - especially the environmental impacts. A
study is outlined which would feature several normative
scenarios, incorporating model societies, geographies
and meteorologies, for the purpose of developing a
general methodology for the comparison of energy options.
Tiis generalized model could then be used for applications
to specific problems, :

Seven sub-tasks requiring effort in order to de-
velop the methodological approach are identified and
described. It is estimated that the proposed study
would require 24 scientific man-years and 30 man-years
of scientific support over a three year period. The
study would be conducted by the International Institute
for Applied Systems Analysis, with financial supgport
from UNEP, in consultation with IAEA, WHO and UNSCEAR (?).

I. - INTRODUCTION

The supply of energy is:a problem with ever in-
creasing world-wide implications; therefore, enexgy-



related decisions requiré careful long~range planning.
The development of the technological measures necessary
for the exploitation of various energy options, and
their eventuai penetration éf the energy market, re-
guires long time periods'and large investments. In

the past short- and medium-term considerations, combined
_with the related éffects of economic forces, tended to
favour certain technologies; however, it has now-hecome
mandatory to includé the systems implications of various
energy alternatives in their evaluation, The systenrs
implications include the.anticipafqd environmental im-
pacts - especially the embedding of energy into the
‘atmosphere, the hydrdsphere and the sociosphere [1].

The selection of this systems approach for com-
paring various energy options is appropriate; however,
it is first necéssary,to deﬁelop a consistent and com-
prehensive methodology pfi@r to specific applications.
The intent of ;his'paper is to outline a study which
would develop this methodology. .

II. THE APPROACH

An actual compafison of enefgy options (i.e.,

" nuclear, coal, shale oil, solar, hydropower, geothernal)
requires an overwhelming amount of data and must con~ '
centrate upon the details of the specific situation

under consideration. The study to be proposed here

will not take this direction; rather, it is an attempt

to develop general viewpoints and nmethods which might
later be used for specific studies. The emphasis through-

out is on a comparative approach.



A small number of normative scenarios, probably
three, will be considered. This will involve the de-
finition of two or three model societies with model
geographies and model meteorologies. The model so-
cieties will be specified in terms of slze, growth
rate and a long-term projection for the expected
.equilibrium values. The model geographies will in-
CIude'pbpulation density and distribution variables
as well as assumptions related to geological features.
The model meteorology considers wind velocity dis-
tributions and rainfall patéerns. This modelling
method was successfully ﬁsed in a recent IIASA study
on strategies for the transition from fossil to nuclear
fuels (2]. |

This model approach haé the advantage of allowing
the dominant parémeters to bé identified with minimal
manpowér.requirements. Further, through the use of
“model” situations, the possible political implications
of specific situations may be avoided. Thus the metho-
dology may be de&eloped by modelling at a highef degree
of aggregation (global, regional) but can later be used
for actual comparisons at aéloWer level of aggrégation

(national, local}.

III. METHODOLOGICAL TASKS

'This section wiil describe in more detail areas in.
. which work is required in order to provide the bases for
methodological development. -

« " ' - ;
1. Econometric Model )

A macro-economic model will be developed which will
relate the demand for éne;gy‘(in a few categories) to the



demands for capital, labor, education and other para-
meters. The model will combine the determinants of
both energy demand and supply within the same frame-
work by integrating both econometric techniques and
input—output* analysis along the same lines as the
growth model developed by Hddson and Jorgenson {3].
The demand equations will be specified using standard
econometric techniques and the supply side will be
specified with the use of input-output techniques.
‘The input-output part mé§ make use of a family of
coﬁputer-prograhmes deveioped at ifkuték, USSR.

The model incerporaﬁes:the determinehts of
both demand and supply for énérgy‘and, as such,
endogenously** determines eﬁergy demand. This
contrasts with most macro economlc models which
treat energy demand as a time dependent exogenous
variable. The approach w111 require that demand is
equal to supply in physiéal%terms for each type of
energy and, in addition, that demand and supply are
consistent with the structure of energy prices.

2. Methods and Cateqories.fer the Assessment of

Resource and their Sys tem Implications
R

. Data on energy resources are a complex matter.
Besides the difficulties ;involved in the acquisition

Ldjwhw

Input-output analysis.,in the form originated by
Leontief,is useful: for a very detailed analysis
of supply predlcated on:a fixed technology at a
specific poxnt in tlme.;

*%  Simply stated, an endogenisation model provides, in
- the case of energy, energy demand as a function of
time as a calculational .result. An exogenisation
model, in contrast, would require an assumed E = f(t}
relationship as an input.
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and handling of these data, it is difficult to establish
appropriate cateéories in order to determine their re-
lative usefulness. The systems implications of energy
resources refer primarily to the environmental impacts

of mining and quarrying. A major meeting, to be held

by the IIASA Energy Project in May, 1975, will focus

on resource assessment methods and the systems eifects.
Co~operation in this area has already been estadslished
with the U.S. Geological Survey, the USSR Acadeny of
Sciences and othcr'institutions. The proposed study

will not have to cbncentrate 6n actual resource data:

the handbook on resources publishéd'at the World Energy
Conference (Datroit, 1974)‘appéérs'td provide a sufficient
basis for this work. T k

o

3, Constraints

g

One of the most difficult tasks in evaluating the
various energy options 1is that of ideﬁtifying the con-
straints that may accompany their development. In the
case of nuclear power, some of the potential cor.straints
(e.g., physical protection, fuel reprocessing wﬁth zero-
radicactive release,. the disbosal of actinides) have
emcrged only recently. An e&en more striking e::ample
. is that of tritium. The handling of tritium is onc of
today's constraints in the deployment of nuclea:'power
plants, vyet  tritium Was?onlyldiscbvered as a fission
product as recently as 1959;; - C

‘The identification qf-cbnstraints for the Zossil-
fuel options is still dncréaf. For example, the ultimate
disposition of Coéibétween the_oceaﬁs and the atmosphere
has recently been questioned. This is an item which could
have grave consequences - poésibly leading to drastic
changes in global weather paﬁtérné.:J



In the case of solar energy it now seems that
there may be a constraint in the provision of the
large amounts of materials required if vast areas are
to be covered by solar power conversion devices.

The foregoing provides only some examples of
constraints that may be envisaged. Constraints must
be studied in re1ation to béth the construction and
operation of energy facilities in order to produce
a.list of constraints for each energy option as well
- as predictive models. ' ' ' '

4, Risks

A special and important constraint which must be
treated separately is that of risk. The Joint IAEA/
IIASA Research Project on this topic was formed in
mid-1974 and it is anticipated that this group will
provide a major input into the proposed study. Specific
research topics now in progﬁess include: the application
of cost-benefit principles to standard setting, the per-
ception of technological risks, the determination of
societal preferences related to risk acceptance} the -
transmission of scientific information and interest
group dynamics [4). This work is closely related to the
public acceptance of technological innovations.

5. Linear Programming Models for the Identification

and Comparison of Technological Strategies

The core of the. envisioned methodology will be a
flexible, comprehensive linecar programming model for the
ideﬂtification of technological strategies., For the
nuclear option it will be a refinement of the recently-



published IIASA model by Hdfelc and Manne [2). The
constraints descussed under item 3 above will be. in-

corporated into the model.

It is important here to use more than one objective
*
function so that policy analysis may be carried out
under a variety of conditions. The following are en-

visaged as objective functions:

‘a) Minimum discounted costs (possibly for various

discount rates);
b) Primary energy consumption:

¢) Environmental guality.

One major point for attention in this LP model is that
of the timing for the transition into the various energy

options,

Another important point is the determination of
shadow prices**. Of particular interest are the shadow
prices of the starting dates of new technologies and
shadow prices for the rigorousness of environmenﬁal
standards and other constraints. At present the IIASA
is applying this approach to the solar energy option
and a rough comparison is already possible as the same
format has been used for the nuclear option,

An objective functidn may be simply defined as any
function which identifies policy goals.

* Shadow prices are the changes in cost which result
from changes in constraints; they may be interpreted
as the pressure introduced upon the objective function
of the system by any particular constraint. (Mathe-

' matically: the partial derivative of the objective

function with respect to any parameter.)



6. Secondary Encrgy Systems and lModes for Geo-

graphical Deployment

Attenﬁion must also be given to secondary energy
systems as well, Freedoms are allowed through flexi-
bility in the selection and matching of primary and
secondary systems. Site selection is an important
concept here as are nuclear fuel cycle parks or energy
parks; therefore, modes of geographical deployment will
influence the comparison of options [see Reference 5].
This topic has strong interactions with risk evaluation
and the minimization of environmental insult.

7. Procedures for the Eétablishmant of Standards

Shadow prices indicate the economic cost of en-
vironmental standards; although it is clear that such
standards are a necessity. The problem of comparing
completely different types of environmental impacts
is the essence of the energy cption comparison problem.
In the case of nuclear energy the publications of the
ICRP clearly identify this problem. The intended
approach is to formalise, as much as possible, pro-
cedures for the establishment of standards. Part of
the formalisation is that of reducing the problem of
energy option comparisons to one of standards and
their shadow prices. This enhances the manageability
of choices and assessments by simplifying the elements
of the judgements which, in the final analysis, must
still be made. -



IV. SYNTHESIS

The résults of the tasks discussed above will be
synthesized through the concept of decision trees .
For ecach model society, and each energy option, a de-
cision tree will be constructed which identifies the
sequenée and ldgical inter-relation of the energy-re-

lated decisions.

V. MANPOWER AND TIME

Approximately 24 scientific man-years and 30 man-
years of scientific support effort will be requiféd to
complete this study. It is envisioned that the work
could be.completed'in a three year period. These
estimates assume that the results obtained to date by
the IIASA Energy Project and the Joint IAEA/IIASA Re-
search Project will be incorporated into the study.

VI. CONDUCT OF THE STUDY

It is proposed that the IIASA be rééponéibie for the
conduct of this study, with financial support from UNEP,
in consultation with the IAEA, the WHO and UNSCEAR (?).

The study could, and should, stait in the Autumn of

1975 with the first interim progress report expected in
1976. The study would then be completed in 1978.
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ENERGY SYSTEMS

(Project Leader W, Hidfele)
l; FRAMEWORK OF THE PROJECT

The ENERGY Project views the energy problem in a medium and
long~range perspective. This implies a somewhat global approach.
It leads to the observation that the special problem of adequate
fuel supply is of a short and medium-term nature., So it is im-
portant to focus on the timing of a transition from limited fossil
fuels to practically unlimited non-fossil fuels.

For the long-range supply of sufficient amounts of energy,
more than one option exists, with nuclear and solar being the
prominent ones. The criterion on which to decide the appropriate
mix of these energy options is oriented toward the problem of the
proper handling of large amounts of energy. This is often referred
to as the problem of energy embedding., The problem of embedding
must, therefore, be identified in greater detail. This involves
interactions of energy with the hydrosphere, the ecosphere, the
atmosphere, and the sociosphere. The latter, among other things,
is seen in the light of the problem of standards and risks.

A salient feature is that of siting large technological
facilities. Public acceptance and the multiple objective decision
process are key words here. Finally, the focus is on decision
oriented procedures that allow the comparison of energy options
and come to grips with the siting problem.

During 1974 the major thrust of the Project was to study
the nuclear options, both from the aspects of strategies and
the unified description of systems (side) effects, such as
pollution or waste disposal. Also, in 1974 the emphasis was on
the "econometric modelling of energy demand and supply, and the
work on the problem of climate and water. While the work on
the nuclear option is completed in a preliminary sense, the work
on the modelling of energy demand and the work on the climate
have to continue.

Against this background the following tasks form the 1975
Research Program of the ENERGY Project:

2., ~ IMPLEMENTATION

2.1 In-house Research

All tasks mentioned below will, to some extent, depending
on funds available, be pursued in-house. This in-house research
will be supported by the help of the U.S. National Academy of



Sciences in the work on the solar option, and by the U.S.
Geological Survey for the work on the energy resource problem.
Several efforts are being made now to gain additional outside
support in order to avoid a drastic cutback of the envisaged
research program.

2.1.1 The solar option
(W. Hdfele, J. Weingart, N. Weyss, A. Suzuki)

After a first round completion of the work on the nuclear
option during 1974, work has to concentrate on the solar option.
Much of this study will involve the later part of 1974, but the
completion will only take place during the early months of 1975.
A survey on solar technology and strategies for a transition
from fossil fuel to an all solar energy economy that complement
the similar study for the nuclear option, completed in 1974,
have to be pursued. Also, the system effects of the solar
option (land use, material consumption, climate feedback) have
to be assessed in a first order approximation. For the lack
of funds it will not be possible to continue this work beyond
July 1975.

2.1.2 Energy demand

(J.-P. Charpentier, W.D. Nordhaus, P. Tsvetanov)

Mathematical modelling of energy demand and supply has been

a major subject in 1974. Now the ENERGY Project more specifically
concentrates on the demand side. The relations between specific
industrial and agricultural products and their energy input are

to be studied in greater detail. A medium-range study, a long-
range study as well as a study for low and high energy consumpt-
ions are envisaged. Econometric procedures for the demand studies
will serve to integrate the aspect of pricing. :

.2.1.3 Energy/resources trade

{M. Grenon)

The study of problems of energy resources and reserves and
the compilation of data is a continuous task of the ENERGY Project.
In 1975 research will be pursued in three areas:

~ energy resources assessment with emphasis on methodological
questions, on the problem of definitions and on the
analysis of data;

~ energy production problems, in particular the problems
of large scale mining and the energy content of mining
operations;

- world energy trade including energy policies, in par-
ticular conservation policies and the problem of
commodities coalitions.



Research in these areas is closely linked to the research on
energy demand and will be oriented to assist the comparison
of energy options.

2.1.4 Siting/decisions/policy analysis

(R. Avenhaus, G. Baecher, J.G. Gros, W. Hifele,
R.L. Keeney)

Siting of large technological facilities in general, and
nuclear power plants in particular, is one of the most ardent
problems of today. The related decision and policy making
process comprises competing objectives of more than one group
and the ranking of problems to be faced. An attempt will be
made to incorporate such objectives, together with environmental
and more traditional economic considerations, into a formalized
scheme of decision and policy making. In addition the problem
of standard setting will be approached with the help of utility
theory in order to treat standards as endogenous variables
rather than exogenous constraints. This project activity will
be pursued with a smaller effort than originally expected in
close collaboration with the METHODOLOGY Project.

2.1.5 Risk evaluation

(J. Linnerooth, Ph.D. Pahner, H. Velimirovic)

In 1974 the IAEA formally agreed to pursue the sub-project
of risk evaluation jointly with IIASA. Contrary to earlier
expectations this work only began at the end of 1974, The
reproductibility of the Starr Quasi Laws, the applicability
of the utility approach to the perception of risks, and the
psychological techniques for the quantification of the per-
ception of technological risks, are the first subjects of the
study.

It should be realized that this activity is strongly related
to the problem of siting decision making and policy analysis.

2.1.6 Climate/water
(C. Marchetti, A. Murphy, N.N.)

In 1974 investigations were started to identify and study
the impact of large amounts of waste heat. The numerical
circulation model of the British Meteorological Office, Bracknell,
U.X., has now become operational for IIASA purposes, and such
numerical experiments are envisaged for 1975. On a more regional
basig, the feedback of waste heat to the moisture cycle will
be investigated further. Here questions of water management
come up.



2.1.7 Large-~scale uses of coal
(M. Grenon, C. Marchetti, N.N.)

Besides pursuing the nuclear and the solar options for
the long-range supply of large amounts of energy, the implications
of large-scale uses of coal also have to be studied. During
the early parts of 1975 this can be done on a limited scale
only. This will permit us, however, to get a rough picture
so that it may be referred to in the presentations at "The
IIASA Conference 1975". During the second half of 1975,
however, these studies should gradually come to the forefront
depending on funds available.

2.1.8 Strategy models and comparison of options

(R. Avenhaus, W. Hafele, W.D. Nordhaus, P. Sint,
A. Suzuki, J. Weingart)

The development of possible strategies for the transition
from the current situation to future asymptotic solutions
of the energy problem provides an important basis for the
comparison of options. Research in this area concentrates
on the development of an econometric energy model; special
emphasis will be given to the internalization of abatement
measures for all kinds of environmental pollutants.

The comparison of the nuclear option and the solar option
and, to some extent, with the coal option is one of the major
objectives of the ENERGY Project for 1975. For this comparison
research will be pursued on generalized objective functions,
on general concepts for describing the behavior of highly
complex systems such as the resilience concept and in the
related mathematical area of differential topology jointly
with the METHODOLOGY Project.

'~ 2.1.9 Material accountability

{(R. Avenhaus)

The work on material accountability and its verification,
which was developed in the course of the nuclear material
safequards analysis and which was applied to environmental and
other problems, will be continued on a small scale. A mono-
graph on the whole subject will be written in 1975.

2.2 External Collaborative Research

The work on energy demand will be pursued in collaboration
with M.I.T. Energy Laboratory at Cambridge, Mass., U.S.A.,
and with the International Federation of Institutes of
Advanced Study (IFIAS), Stockholm, Sweden.



_ As regards work on energy resources and trade, in addition
to the U.S. Geological Survey at Washington, U.S.A., there
will be links to IAEA and to Ruhrkohle AG at Essen, F.R.G.,
and institutions in the U.S.S.R.

The work on risk evaluation is pursued jointly with
the IAEA. Both the IAEA and the IIASA provide the funding for
a certain number of scientific man-years. Over and above that,
the IAEA has asked certain member states to send scientists
to the task force free of charge to the IAEA (and IIASA).
The response has been unexpectedly good. '

The work on the problem of climate and water will be
pursued jointly with the British Meteorological Office at
Bracknell, U.K., and the National Center for Atmospheric
Research at Boulder, Colorado, U.S.A. Efforts are under way
to establish the necessary links with the Hydrometeorological
Office in Moscow, U.S.S.R.

Work on the large scale uses of coal is prepared for a
joint pursuance with the British Coal Board, U.K., OKR at
- Ostrava, C.S5.5.R., and the Ruhrkohle AG at Essen, F.R.G.

Besides, there is a close link with the nuclear research
centers of Karlsruhe and Jiilich, F.R.G. The main thrust
is on the joint investigation of the siting problem and on
the work on strategy models, but Karlsruhe also joins in for
the operation of the global circulation models.

These collaborative ventures are the most prominent ones.

In addition there are many more links as outlined for
instance in the 1974 Research Program.

2.3 Contribution to IIASA's Clearinghouse Function

The study on the solar option by its very nature fits
into IIASA's clearinghouse function.

Also, the work on energy demand, on energy resources and
trade, and on risk evaluation in 1975, are geared toward this
function.

For early 1975 a task force is envisaged that is similar
to the task force which, in May 1974, prepared a survey paper
on the modelling of energy demand and supply.

The necessity of living up to the clearinghouse function

bears upon all project activities over and above these specific
efforts. -



3. CONFERENCES AND WORKSHOPS

The following conferences and workshops are envisaged
for 1975:

3.1 Workshopo on the Impact of Waste Heat on the Climate

Two or three numerical experiments that study the impact
of a given amount of waste heat on the distribution of
climatological patterns as a function of the geographical
position of such releases are expected to be ready by the end
of the year. Before executing additional numerical runs, it
will then be mandatory to invite meteorological experts to
discuss these results in depth. This workshop is scheduled
for April 28 - 30, 1975.

3.2 Conference on Energy Demand Patterns

The studies on energy demand patterns will be a major
input to the expected IIASA Conference 1975. 1In fact, it is
against the background of such studies that an assessment and
a comparison of options are to be made. In order to utilize
the expertise of the member countries and to check our own
results, this workshop is scheduled for May 22 - 23, 1975.

3.3 Workshop on Energy Resources

For similar reasons it will be necessary to have a work-
shop on energy resources. It will take place on May 20 and 21,
1975, and the possible topics will include data collection,
modelling of resources assessment and of time-evolution of
resources.

3.4 Joint IAEA IIASA Workshop on Risk Evaluation

Work on risk evaluation is complex and methodologically
difficult, and only now beginnings are being made in a few
places in the world. Probably by the end of 1975, enough
first results will be available to allow for a first exchange
with these groups engaged in similar work. It is intended
to participate in a joint IAEA/IIASA workshop that facilitates
this exchange.

3.5 The Advisory Committee on Energy Systems

The Advisory Committee on Energy Systems which acts as
counsel to the ENERGY Project, has been established in 1974
and will have its first meeting early in 1975.



4. PROJECT INTEGRATION

Bilateral project collaboration develops with the WATER
Project. The work on climate/water is meant to identify the
interactions between energy/water and the climate. The
large requirements for cooling water arising with energy
conversions quite strongly relate to the problem of water
management.

The impact of waste heat leads to the problem of water
quality and thereby to the ecology of aquatic systems. The
pollution problem is of direct concern to the ECOLOGY Project.

Collaboration with the URBAN Project will take place
on the work of siting and decisions, and of climate and
water.

It is also expected to cooperate with the BIO~MEDICAL
Project on the question of cost/benefit/risk ratios.

It is expected that the decision process orientation of the
the ENERGY Project leads to a multilateral’ collaboratlon
with the WATER/URBAN/ECOLOGY Projects. :
5. SUPPORT RESOURCES

5.1 Methodological Needs

The ENERGY Project requires methodological assistance
in dealing with the econometric aspects of demand studies.

It further needs help in the general area of conflict
resolution, multiple objective optimization, and game theory
as well as in formal decision theory and policy analysis.

Finally, the ENERGY Project requires methodological
assistance in the field of qualitative risk studies. It
seems particularly necessary to include established psycho-
logical techniques.

5.2 Computing Needs

There 1is one major requirement for computing help. The
numerical experiments for the simulation of the impact of
waste heat on the climate require about 20h each on an IBM
370/185 computer. Arrangements have been made to provide such’
computational assistance outside Vienna. Otherwise, the
requirements for computer time will be such that they can be
satisfied within the Vienna area.



6. LONG-RANGE CONSIDERATIONS (INTO 1977)

The IIASA ENERGY Group is small. It would be fruitless
to try to compete with large study groups such as the M.I.T.
Energy Laboratory and others. Almost all of these groups
concentrate on near and medium-term considerations of techno-
logical and market developments. However, it is becoming
more and more obvious that the underlying problems are
fundamental both in nature and in the methods required to
deal with them. While in the past the energy problem was
largely a problem of hardware, it is becoming more and more
a problem of dealing with "soft" problems such as the siting
of large technological facilities, the comparison of things
that are traditionally incomparable like the solar and the
nuclear options, and the aspect of timing during transitions.
ITASA, however, is uniquely equipped to deal with these
decision oriented problems and, therefore, the ENERGY Group
should lay great stress on these aspects instead of
attacking the broad energy problem in full. In particular,
it is the cooperation with other projects such as WATER,
.ECOLOGY, URBAN, BIO-MEDICAL, METHODOLOGY, and others that
must be made use of. The more the work at IIASA consolidates,
the more: this feature will come to the forefront.

More specifically, it should be outlined that the
ENERGY Project is trying to attack the problem in a phased
approach. The two-year period between the summer of 1973
and the summer of 1975 is for the study of the nuclear and
the solar options and their comparison. The period from the
summer of 1975 to the summer of 1977 will concentrate on the
geothermal option and the large scale use of coal accordingly,
while the studies on the climate and the interface between
energy and water as well as resource, suprly and demand
studies, will evolve further.

As in the summer of 1975, the date of "The IIASA Conference

1975", the summer of 1977 is considered a major time target
for the ENERGY Project.
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RISK ASSESSMENT AND SOCIETAL CHOICES*

Harry J. Otway**

Many countries are experiencing a period in which traditional
values are being questioned; plans for further technological progress
are being met by a variety of demands for a closer examination of the
benefits and risks of large-scale technologies. In this paper the
concepts of risk assessment are presented and a model is proposed
which illustrates the importance of socio-psychological mechanisms
in the acceptance of technological risks. The research plan
of the Joint TAEA/ITASA Research Project is outlined: this work is
directed toward gaining an improved understanding of how societies
judge the acceptability of technologies and how societal attitudes
and anticipated responses may be better integrated into the decision-
making process., Some preliminary results are reported.

I. BACKGROUND

Standards of living have improved considerably during this century,
largely due to the benefits made possible through the development and de-
ployment of new technologies. As technological systems became larger, and
more complex, they have offered increasingly attractive benefitis which have
become an integral part of life, thereby creating demands for more progress.
This process of reinforcement has lead to increasingly complex, and there-
fore fragile systems, which have become fundamental to sustaining the social

fabric.

With this increase in scale the negative side-effects of technology,
_which detract from the societal benefits, began io receive more attention,
Some of these side—effects have been rather obvious, such as new safety
hazards, while others liave been more subtle and, therefore, more difficult
to predict and detect; e.g., mental health problems, new health hazards,
complicated environmental interactions, technological unemployment, mental

health problems, changes in basic social institutions.

Consequently there appears to be a growing awareness that increased
consumption of geods and services has not brought a commensurate increase

in ®"happiness.™ Plans for further progress are being met by a variety of

* The views expressed in this paper are those of the author, and do not
necessarily reflect those of the Project Sponsors.

**Joint IAEA/IIASA Research Project, International Atomic Energy Agency,
Vienna, Austria.



individual and group demands for a closer examination of the risks and
benefits of science and technology; there appears to be a gradually
evolving social siructure which tends to question much that is innovative
as being potentially harmful. The patterns of public concern that have
emerged in technologically advanced nations are also being observed in

developing countries as they attain higher levels of productivity.

This has lead to a situation characterized by conflict; one segment
of society may sponsor a proposal intended to fulfill a perceived societal
need while other groups may be working actively in opposition - with
different perceptions of their needs. Obviously technélogy cannot expand
indiscriminately with society awaiting the results of operation to learn
the nature and magnitude of the side-effects; however, neither can all

further progress be rejected arbitrarily.

Societal-~level decisions are especially important in the energy

sector. Energy is a fundamental good in modern societies, energy production
systems are among the larger—scale technological applications and the éhergy
crisis, with its far-reaching effects, has limited available strategies and
reduced the time available for exploring options. This is the background

for the formation of the Joint IAEA/ITASA Research Project which is sponsored
by the International Atomic Energy Agency (IAEA), the International Institute
for Applied Systems Analysis (IIASA) and certain IAEA Member States; in-

‘formation on sponsoqship and staffing is given in the Appendix.

The primary objective of the Joint Project is to do research directed
toward gaining an improved understanding of how societies judge the acceptability
of new technologies and how societal attitudes, and anticipated responses,

‘may be integrated into the decision-making process. This has been referred

t0 as the embedding of energy systems into the sociosphere (Hifele, 1974).

II. RISK ASSESSMENT CONCEPTS
A digression might be in order to introduce the concepts of risk assess-

ment. These concepts have developed independently in a variety of disciplines,

publigshing in many languages, with the expected differences in usage and



meaning. There is no intent to provide rigorous definitions; these will
be évolved as interdisciplinary and international efforts proceed. Pisk*
will here refer to the undesirable effects associated with a specific
activify congidered in connection with their respective uncertainties.,
Risk is therefore a probabilistic term and has often been used as the
statistically expected value of loss; for example, the probability of

an average individual's chance of death, per year, from transportation
accidents or the total risk (sum of individual risks) in a population
group.** The most obvious risks, and easiest to conceptualise, are those
relating to the health and safety of man and effects upon his environ-
ment, although there are many other effects, which in connection with

their uncertainties can be considered as risks.

Risk assessment may be defined as any process in which risk con-
sidérations play an important r8le in forming an input to decision making.
Risk assessments are made on a variety of levels, i.e., individual, group,
societal, ete. and Kates (1974) has pointed out that the Process may vary
from highly intuitive to very formal. This typology of risk assessments,
summarised in Table I, might range from the individual's intuitive feeling
that it is safe to cross a street to a numerical analysis which serves as
the basis for recommendations. Risk assessment has been described by Otway
(1973) as occurring in two sub~tasks: risk estimation and risk evaluvation,
each of which may have the same range of intuitive-formal, individual-societal

character.

It is not considered necessary here to make a distinction between situations
of the first kind, i.e., where the probabilities are known in principle, and

those where the probabilities themselves are uncertain.
%
This is somewhat too simple because the statistically expected value neglects

the importance of the absolute magnitude of loss. It is known that societal
preferences for risk acceptance may be widely different for events which
have the same statistically expected value of loss but with different ab-
solute magnitudes. Thus utility functions must also be considered when
expressing risk levels. For an elementary explanation see, for example,
Borch (1968). An application to energy system risks may be found in

Papp. et al., (1974). -



Mode

0 step

1 step

2 step

3 step

TABLE I

" RISK ASSESSMENT MODES

(Kates, 1974)

No estimation, no evaluation
There is no risk.
Nothing you can do about it, so why estimate it.

Evaluation without estimation
Decide whether risk is acceptable or not compared to
other risks or benefits,

Estimation of risk, then evaluation

Caloulate likelihood of risk, then compare with other
risks or benefits.

Fractionate risk, estimate combinations of indi-

vidual risks, evaluate

Reduce events to components.

Calculate likelihood of event components and of
consequences, combine, estimate risk, then
compare with other risks or benefits,
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Fisk Estimation

Risk Estimation may be thought of as the identification of the second
(and higher) order consequences of a decision and the subsequent estimation
of the magnitude of the associated risks. For example, some of the earlier
risk estimates for energy systems were made in the nuclear field in Canada
(Siddall, 1959), the UK (Famer,‘ 1967; Beattie, 1967) and in the U.S.A.
(Otway et al., 1969 and 1971). Starr et al. {1972) made a comparison of the
risks from nuclear and fossil-fueled generating systems. The most recent,
and by far the most comprehensive, risk estimates for energy systems are
those of the U.S. AEC-sponsored "Rasmussen Study" (1974) which treated the
risk of accidents in light-water reactor nuclear power plants. All of the
aforementioned efforts indicated that the risks from these energy nroduction

systems were low in comparison to other risks common in society.

Risk Bveluation

This is the complex process of anticipating the societal resnonse to
risks; it is based upon an understanding of the relevant societal
attitudes and preferences. This could be termed the "acceptability of

rigk."

Tradifionally this has tended to consist of comparing estimates of
risk with the levels of other prevalent risks which are already accepted
by the society. For example, in the risk estimation studies cited earlier,
Farmer and Beattie compared the predicted number of thyroid carcinomas due
to iodine~131 exposure following reactor accidents to rates of naturally-
induced thyroid cancers. Otway et al. used accident statistics and natural
genetic mutation rates as a basis. Starr et al. added another dimension and
proposed the relationship shown in Figure 1 for dividing risks into acceptable
and unacceptable as a function of the perceived associated economic benefit.
The Rasmussen Study compared the statistically expected value of nuclear
accident risks with a variety of other accident risks and natural hazard
risks. In addition, the disutility of infrequent, large-consequence accidents
wag also evaluated by similar comparisons over cdnsequence magnitude and

frequency of occurrence (Figure 2).
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The tacit assumptions in the foregoing approaches to risk svalnatinn
are that the preferences that society has rewvealed through its historical
acceptance of risks can be extractied from statistical data, extrapolated ;
to the future, and compared with other types of risk. Raiffa (1968) has
pointed out some of the difficulties of this approach. The experience
in the nuclear energy field would also indicate a problem in this respect.
Estimated nuclear risks have been virtually negligible when compared to
other risks which are widely accepted by society. The comparison of
nuclear risk estimates with, for example, transﬁortation risks or natural
hazard risks is perhaps essentially meaningless because, for a variety of
conscious and subconscious reasons, the latter risks are accepted while
the nuclear risks are being frequently challenged. Obviously there are
gqualitative differences as well as quantitative (Montague and Beardsworth,
1974) and the quantitative data base available for deriving revealed pre-
ferences cannot, without a.thorough consideration of psychological factors,

adequately reflect the qualitative (Otway and Cohen, 1975).

The Dimensions of Risk

There is still much to be learned about the dimensions of risk and
its acceptance. It is clear that‘the perception of risks is an important
factor: that the suﬁjective assessments of risk are more influential in
acceptance than are objective risk estimates or measurements. It
is known that man is, in general, a poor intuitive statistician and tends
to mis-estimate probabilities, and therefore risks, due to psychologically
determined factors (Edwards, 1968; Murphy and Winkler, 1973; Sjdberg, 1974 ).
There are many factors which play a part in influencing perception although
their relative imqutance is not well known. These include the degree .to
which a feeling of individual control over the risk or the outcome is felt,
the physical nature of the risk itself, the degree to which a commensurate
benefit is felt to accrue to those at risk, whether the outcome is compnosed
of a chain of independent probabilities or a single event, the ability to
imagine the risk or benefit, etc. There has been a paucity of research in
the behavioural and social sciences on the reaction, fears, attitudes and
beliefs of society with respect to the.perception and acceptance of techno~

logical risks. One promising approach for learning about these phenomena



is the application of sociometric and psychometric techniques which will

be discussed later in this paper.

IIXI. RISK AND SOCIETAL CHOICES

Figure 3 is suggested as a description, on the societal level, of the
information flow involved in a risk assessment of a new, large-scale appli-
cation of technology.* This figure is by no means precise nor are these
relationships accurately known; the intent is to provide a discussion aide

in order to point out areas of research interest.

Sponsor Acceptability

It is assumed that the proposed application is aimed at meeting some
specific societal need (such as energy) and that the proposal is sponsored
by some segment of society such as private indastry or government. Simply
stated, the sponsor will have made his internal decision that the application
is capable, with a high degree of certainty, of providing the primary benefit

intended and is, therefore, acceptable to him.

The decision to proceed with this project carries with it several
implied consequences (second order, or side-effects) the sponsnor must also
find acceptable. These side-effects could include, for example, radioactive,
chemical and thermal discharges affecting man and his environment, accident
hazards; aesthetic effects, land-use commitments, natural resource utilization,
etc. He most likely has not congidered these side-effects as "risk" in the
probabilistic sense in which they have been defined.** He has certainly
congidered the absolute, or nominal, magnitude of these effects and is fairly
confident that they will satisfy the appropriate regulatory standards. He
will also have considered, to the extent that the information was known and
available to him, the preferences of society for this application and the

anticipated societal responses.

»*
As an interesting aside it might be noted that Fig. 3 closely parallels

the structural hypothesis of mental mechanisms proposed by Freud (1925).

W5
See Winkler (1973) for a discussion of the merits of deterministic vs.
probabilistic models, T
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At this stage the sponsor submits the proposal to the responsible
regulatory authorities and the line of "sponsor acceptability" is formally

crossed.

"Legal Acceptability"

It ie now necessary to compare (Box 3, Fig. 3) the predicted con-
sequences of the proposed application with the applicable standards (Box 2)
for regulating these effects. The actual comparison may be rather straight-

forward once the predictions of the effects have been made and verified.

The complicated part is the derivation of the criteria, or standards,
which are shown in Fig. 3 as magically originating in Box 2. A desirable
objective is to set rational standards so that unduly large resources are
not invested to further reduce risks which are already insignificant.
Where large investments are made in safety to provide marginally small re-
duction in risk then the expenditure is not efficiently beneficial to
society and should be made elsewhere where the marginal risk reduction (risk
reduction/unit expenditure) could be greater. This goal is sometimes re-
ferred to as balanced risk reduction (see Sinclair et al., 1972; Jammet et
al., 1973).

This question of setting standards is not a trivial one (Keeney, 1974).
A good deal of information is required such as the relationship between ex-—
pected societal benefit and allowable risk levels, the "value"™ of risk, the
relationship between actual levels of risk and these levels as perceived by
those at risk, etc. This is an area where research is needed in order to
use risk concepts more effectively in standard setting (Bresson, Fagnani and
Morlat, 1974).

Note that at the output side of the comparison box a feedback channel
is shown leading back to the original proposal in the event of failure to
satisfy criteria. This feedback would act to change the implied consequences
until the criteria are met. When the proposal satisfies the criteria we can
say that the line of legal acceptability has been crossed and the proposal,
for all practical purposes, firet enters the public sector where acceptability
will include the consideration of several additional factors,
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Public Acceptability

Here the responses of individuals,..and various interested groups,
to the proposal gradually emerge. These groups use multiply-determined
criteria to judge, and perhaps challenge, technological advances; that is,
their preferences (Box 4) reflect their rational assessment of the facts
(consequences) as they know them, their perception of these consequences
(Box 5), and the effects of factors which may be buried deep in the nature
of the groups themselves. These preferences are formed, in part, in the

light of the past experiences of the individual and group.

It is important to note that this complex process operates on many
organizational levels: the individual, the group, the societal or national,
and perhaps even the international. In Figure 3 a number of interest groups
is‘postulated which includes all.these levels of interest. Box 6 shows the
process of comparison which has been described. Here, the acceptability of
the proposal to each group must be considered. In addition, by some un-
specified process, each interest group's preference comparisons influence

the final decision.

The interest group itself may be viewed as a confluence of social
systems including individual responses, socio-psychological mechanisms,
cultural factors, political considerations, economic influences and the
information input of the scientific community. The interest group represents

the focal point of the interactions of these various systems.

A generaligation is that the individual response to a fear-provoking
gtimilus may lead to a variety of healthy or unhealthy defenses. The two
most primitive are known as "flight or fight": apathetic physical and
emotional withdrawal and denial that threat exists, or a readiness to retaliate.
The latter response accounts in part for the opposition of the group to what
is perceived as an external threat. In addition to external threats internal
fears and anxieties may be projected onto a symbolic external object. As
these fears are expressed, the individual finds others who think and act

similarly.
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An interest group reflecis, to varying degrees, elements of its members'
individual responses, characteristics of its societal—-cultural environment, and
an indication of the information it has received form the scientific community.
The group, however, has its own characteristcs. Observations seem to support

the following generalizations:

a) interest groups tend to form around affect-laden social-environmental

concerns;

b) they tend to be solution-oriented rather than problem—oriented,
inclined toward a dialectic adversary position rather than colla-

borative exchanges;

c) comnunication patterns are often distorted, especially in groups with

a vertical status and power hierarchy;

d) new information may be accepted or rejected contingent upon the support

it provides for group values and beliefs;

e) behavioural responses of members are influenced by the group so the

strength and integrity of individual values is weakened.

Thus the interest group tends to be a body of persons emotionally
committed to their position and screening faotual information according to
the utility it has for their position. They may be matched feature for
feature by other groups supporting diametrically opposed positions. (Pahner,
1974, described some behavioural aspeéts of interest groups.)

Infer—relationships have been indicated in Figure 3 by feedback loops
which show that an unfavourable comparison in the public eector can act to
change the proposal, and further, that there may be some interactions between
societal preferences and the perception of risks which. could act to in-

fluence regudatory standards.

Summary

To summarize the discussion of Figure 3, the research activities of the
Joint Project include the application of risk assessment concepts to standard

setting (Box 2), the study of the perception of itechnological risks and benefits



(Box 5), methods for determining group and societal preferences relatiﬁg
to risk acceptance {Box 4) and the group dynamics and transmission of
technical information which are involved in the comparison process (Box 6).

This work will be discussed in more detail in the following section.

IV. PESEARCH PROGRAMME AND PRELIMINARY RESULTS

Figure 3} was used to point out areas where additional research could
improve the application of risk assessment to making societal-level choices
regarding the acceptability of new technologies. This Section will indicate
specific lines of research being pursued by the Joint IAEA/IIASA Research

Prbject and summarize some preliminary results.

Historical Examples of Risk Acceptance

Societal problems caused by technological progress are of acute concern
to behaviocural scientists and some specific'historical examples may be identi-
fied. Some items of interest in understanding the general mechanisms of
societal adaptation to new threats are: how the impacts of technological pro-
gress influenced social dynamics; how the institutions of the society reacted;
what mechanisms were evolved to absorb these shocks; how péople got the per~
tinent information and formed their opinions; how their perceptions of the

hazard were formed and how they compared to reality.

A case study is being made treating one modern society and some tra-
ditional population groups in order to elucidate the behavioural aspects of
adaptation to new threats. This study will also provide inputs into the
design of surveys directed towards understanding risk phenomena. A survey of
the literature reporting case studies relating to the impacts of technological

progress on Bocial systems has been completed (Velimirovie, 1975).
This work relates to testing the overall structure of Figure 3, as ob-

served in practice, and provides background material for developing information

related to Boxes 5 and 6.



The Fstimation of Risk from large Consequence - low Probability Events

Some risk estimates have been made for large-consequence accidents which.
have a low probability of occurrence. This is a crucial topic in the case of
nuclear power plants where the experimental data base required to make reliable
estimates is much too small., It is difficult to deal with this problem using
conventional mathematical methods., Therefore, the applicability of new methods,
such as fuzzy set theory {e.g., Zadeh, 1973 and 1974), is being investigated.
This is related to the estimation of consequences, Box 1, and the development

of regulatory criteria, Box 2.

Theoretical Approaches to Risk Evaluation

One of the importani factors in-using risk-benefit priﬁcip]es in getting
staudards is the problem of expressing unlike variables in a consistant set of
units so'that approximate comparisons can be made. This is especially difficult
when it is necessary to evaluate risks that involve the possible loss of life.
Therefore, the Pareto theoretical approach to the evaluation of such risks is
being developed and the appropriateness of using Pareto criteria for the treat-
ment ‘of statistically and non-statistically distributed risks is being examined.
(This non-random distribution of risks and benefits within society has been an
issue in many industrial siting controversies.) The effect of further variations
will also be examined, such as how to treat risks that will occur in the future,
or even be taken by future generations, where the benefits are received in the

present.

Approximations of the individual's indifference function, or trade-off
between perceived risk and required compensation, may be ohtained either through
controlled experimentation (surveys) or through the use of market data. In
the design of experiments it is useful to first determine theoretically the
meaning of the responses from the‘standpoint of Pareto welfare maximization.

An attempt is being made to model the individual's "rational" responses to the
acceptance of risks, including the subjective factors which might influence

this response. Of particular interest is the complexity of the risk problem
when the uncertainties involve life or death and thus the utility of compensation
and the disutility of the risk may become nonadditive (Raiffa, 1969). A survey
has been completed of the experience in France and the USA in applying cost-
benefit techniques to the evaluation of projects which may alter human mortality



(Linnerooth, 1975). These theoretical treatments are primarily related to
standard setting, Box 2,

Methodologies for Determining Societal Preferences

Two basic methods for determining societal preferences are the "revealed"
preferences approach which relies upon historical statistical data, and the
survey approach based upon sociometric and psychometric techniques. For
example, Starr (1969 and 1974) has indicated the existence of preferences for
the acceptance of technological risk which were based upon analysis of accident
statistiecs. Psychometric techniques have yielded consistent results for so-
cietal preferences with respect to other types of risk. Both techniques are
being critically reviewed to determine their limitations and to recommend

directions for longer-term research (related to Box 4, Fig. 3).

Preliminary analyses (Otway and Cohen, 1975) indicate that the results
of the Starr technique, which emphasises the mortality risks associated with
various activities, are excessively sensitive to the assumptions made and
handling of the data.

The Perception of Technological Risks

- As discussed earlier, the perception of rigks is a crucial factoer in
influencing societal response. Psychometric and sociometric techniques show
a great deal of promise for gaining an improved understanding of how specific
risks are perceived, which factors influence perception and their relative

importance.

Golant and Burton (1969), working in natural hazards research, developed
a Pisk Avoidance Response Survey designed to rank various types of hazards
(physical, social and natural) in terms of the perceived threat. This test
was administered in Ontario, Canada, and produced the risk avoidance ranking
shown in Table II, Correlations were done to determine the effects of various
variables upon the rank order. The most significant factor was found to be
the respondants experience, or lack of it, with a specific hazard. The rank-

size correlation illustrating the effect of experience was 0.45.



RANKTNG OF HAZARDS BASED ON RESPONDENTS GREATEST AVOIDANCE MEASURES

TABLE I1I
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TOTAL CANADIAN SAMPIE

(Golant and Burton, 1969)

Hazard

Auto Accident (Physical)

Attacked and Robbed (Physical)
Tornado (Natural)

Forest Fire (Natural)

Earthquake (Natural)

Fajling in School or Job (Social)
Tllness (Physical)

Loneliness (Social)

Flood (Natural)

Public Fmbarrassment (Sncial)
Being Disliked by Someone You Admire (Social)
Thirst (Physical)



This experiment has been applied in Austria to gain experience in this
type of survey, to test computer programmes for data reduction and to check
reproducibility. The avoidance ranking for the Austrian sample is presented
in Table IIT (Otway, Maderthaner and Guttman, 1975). The overall cross—cultural
comparison was found to be 0.6”7. The effect of experience upon perception was
not well reproduced in this sample with a rank-size correlation hetween ex—
perienced and inexperienced respondants of 0.87, The most significant variable
affecting the Austrian rank order was found to be the Ss self-rated ability to
imagine himself in a specific hazard situation (rank—size correlation 0.59). In
general, the American sample showed the highest avoidance response to natural

hazards, whereas for the Austrian sample physical hazards were the most avoided.

A new survey which incorporates a magnitude estimation scale, allowing a ~
numerical measure of disutility, has been developed and is being checked for
feasibility. A significanfly larger number of risk-related variables are in-
cluded and paired comparisons are being used. This design draws upon the work of
Wyler, Masuda and Holmes (1968), Holmes and Pahe {1967) and Holmes and Masuda
(1973) on the perception of health and social hazards and is related to
Boxes 4 and 5 of Figure 3,

The Determination of Societal Preferences

The use of field surveys for measuring societal preferences is clogely re-
lated to the work on risk perception: the techniques described above will be

modified for this purpose.

An effort is also being made to determine societal preferences as revealed
by recorded data. As mentioned earlier (Otway and Cohen, 1975), preliminary re-
-sults indicate that, since preferences for risk acceptance are multiply deter-
mined, historical accident data using few variables {Starr, 1969 and 1974) may
be inadequate to give a true picture of the effects of socio-psychological
mechanisms, Preferences toward risk are multiply determined within a broader
network of socio-psychological relationships and the attitudes of any culture
toward risk can only be understood by knowing its position within this frame-
work. This framework can be investigated by trans-cultural, in-depth analjsis
using an iterative process of empirical multi-variable analjsis combined with
behavioural theories. This technique has been used by Gaspari and Millendorfer
(1973), of the Study Group for International Analyses (STUDIA), for.
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TABLE 11T

RANKING OF HAZARDS BASED ON RESPONDENTS GREATEST AVOIDANCE MEASUR_Eﬁ_

TOTAL AUSTRIAN SAMPLE

(Otway, Maderthaner and Guttmamn, 1975)

Rank _ Hazard
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Illness (Physical)

Auto Accident (Physical)
Attacked and Robbed (Physical)
Barthquake (Natural)

Loneliness (Social)

Failing in School or Job (Social)
Flood (Natural)

Forest Fire (Natural)

Tornado {Natural)

Thirst (Physical)

Public Embarrassment (Social)
Being Disliked by Somecne You Admire (Social)



investigating the structure of the General‘Production Funetion for
European countries. In co-operation with the STUDIA group it will

be extended to the determination of societal-level preferences related

to risk acceptance, This effort will alsoc help define inputs for the
survey work which was described earlier. As a preliminary step an -
extensive data base covering fifteen countries has been compiled. This work
is related to Boxes 4 and 5 of Figure 3.

Ellis and Keeney (1972) and Keeney (1973) have described an assess-
ment of the preferences of government officials for such attributes as
air emissions, health effects and mortality. The determination of interest
rroup preferences by the estimation of a knowledgeable, impartial observer
has been applied to nuclear power plant siting by Gros (1974) and Gros
et ai. (1974). These methods will also be congidered and results

compared to those of the other metheds.

Group Dynamics and Information Transmission

There is also the problem of how scientists develop and communicate
information aboui environmental risks, and the part this information plays
in societal assessment and responee to risk, including interest group dynamics
(Nizard and Tournon, 1972; Kates, 1974; Wilson, 1973). The mechanisms
gsocieties use in judging, and perhaps deciding to challenge, the accepta-
bility of new technologies, which promise specific benefits but with the
possibility of new apparent threats, are complex and rather poorly under—
stood. 1In the specific case of nuclear power plants it has been obserwved
that until a project is made known there is no pressing concern about nuclear
hazards among most inhabitants of the area. Once the plans are announced,
people soon become acquainted with thinking about the possible threats, real
or imagined; they are forced by circumstances to form relevant opinions.
The project then starts being judged on a number of levels: individual,
group, community, national and perhaps even international. As the responses
to the proposal gradually emerge it has been noted that various interest
groups start to form, develop their sources of information and, in many
cases, work actively to promote or oppose the proposed facility. The
objections most often cited in opposition to peaceful nuclear energy pro-

grammes have been summarized by HHfele (1973) and a psychoanalytic viewpoint
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of the miclear controversy has been presented by Guedeney and Mendel (1973).

Groups serve a mediating function between the individual and the larger
society. People contact society and are, in turn, contacted by it through
the small group. Just as it is difficult for an individual to influence
the larger society, it is difficult for the larger society to mobilize the
energies of the individual when he stands alone (Shepherd, 1964). There-
fore, an understanding of small group dynamics is especially important in
gaining an understénding of the societal acceptability of risks. Of special

interest here is the r8le the group plays in weighting and aggregatins
individual preferences to form societal preferences.

jross—Cultural Differences

kisk perception and societal preferences for risk accentance would
be expected to be dependent upon culturally determined factors; therefore,
the results of this work will be examined for cross—cultural differences.

It is anticipated that this could be made possible through the excellent
international contacts of the sponsoring organizations and the multi-
national character of the Joint Project staff.

V. CONCLUSIONS

Though some efforts have been made toward placing technological risks
in perspective through the comparison with other types of common risks,
this approach is limited in its ability to consider the effects of socio-
psychological mechanisms in risk acceptance. There has also been very
little research done in the behavioural sciences in this. respect.

As stated earlier, a primary objective of the Joint Project jis to gain
an improved understanding of how societies judge the acceptability of new
technologies and how societal attitudes, and anticipated responses, may be
integrated into the decision-making process. For this purpose, research
is needed in the following areas: the perception of societal needs by
individuals and groups, how risks and benefits are perceived and the nature
and importance of the variables influencing perception, the group dynamics



and information transmission involved in aggregating individual preferences
into societal preferences, and methodologies for assessing societal
preferences related to risk acceptance.

The Joint Project has made a start on research in these areas,



APPENDIX

ORGANIZATIONAL ASPECTS OF THE JOINT IAEA/ITASA RESEARCH PROJECT

Sponsorship

The Joint Project was formed in mid-1974 pursuant to an agreement
between Dr. Sigvard Eklund, Director General of the IAEA, and Prof.
Howard Raiffa, Director of the IIASA.

Professional staff for the Joint Project come frqm three sources
Aapp‘nximately equal in their contributions: IAEA scientific staff,
IIASA Research Scholars, and scientists from TAEA Member States se-
conded to the Project on a cost-free basis. The research pfogramme
outlined for'the Project reflecis é mixture of the specific interests
of these three sources of sponsorship. The IAEA also provides office
spaceé and support service while the ITASA has contributed the services
of additional-well known consultants._

Organization

Organizationally the Project comes under the Energy SystemsAPro-
ject of the ITASA, led by Prof. Wolf Hifele, and the TAEA Depariment
of Technical Operations - Division of Nuclear Safety and Environmental
Protection respectively headed by Dr; Yuri Chernilin (Deputy Director
General) and Dr. Jacques Servant (Division Director). Dr. H. J. Otway,
IAEA, is Project Leader of the joint effort.

Staffing

As of February 1975 the Joint Project consisted of seven pro-
fessional and two General Service staff., The IAEA and the ITASA are
represented by two scientists each while Japan, U.S.A., Sweden and
the U.K. have each provided seconded scientists. The Joint Project
expects to reach a steady-state staffing level of about 11 scientists
in mid-1975 with the addition of another ITASA Research Scholar and
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a secondment from France and two from the Federal FRepublic of Germany.
Contracts

Additional scientific support is obtained through IAEA-spongsored
research contracts with the University of Vienna, Psychology Institute,

and the Study Group for International Analyses, Vienna.

Miscellaneous Information

The following disciplines will be represented in the Joint Project:

Physics Economics Psychiatry
Public Health Anthropology Medicine
Engineering' Sociology Psychology

Seven nationalities are represented in the Project and Project
staff are proficient in a total of seven major languages: English,

French, German, Italian, Japanese, Ruseian and Spanish.
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