-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by Roskilde Universitet

Roskilde
University

Comparative risk assessment of total energy systems

Sgrensen, Bent

Publication date:
1981

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (APA):
Sgrensen, B. (1981). Comparative risk assessment of total energy systems. (pp. 2-20). Roskilde Universitet.
http://milne.ruc.dk/ImfufaTekster/

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain.
« You may freely distribute the URL identifying the publication in the public portal.

Take down policy
If you believe that this document breaches copyright please contact rucforsk@ruc.dk providing details, and we will remove access to the
work immediately and investigate your claim.

Download date: 27. Mar. 2021


https://core.ac.uk/display/388935794?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://milne.ruc.dk/ImfufaTekster/

TEKST NR 43 1981

BENT SORENSEN

1. COMPARATIVE RISK ASSESSMENT
OF TOTAL ENERGY SYSTEMS

2. ADVANTAGES AND DISADVANTAGES
OF DECENTRALIZATION.

'
B e %

TEKSTER fra

IMIEUISA, foskuoe inversmerscenter

FUNKTIONER | UNDERVISNING, FORSKNING OG ANVENDELSER




Bent S¢rensen:
1. COMPARATIVE RISK ASSESSMENT OF TOTAL ENERGY
SYSTEMS. :
2. ADVANTAGES AND DISADVANTAGES OF DECENTRALI-
ZATION.
IMFUFA tekst nr. 43 (1981), RUC.

W ——r - ————— - —— " — ———— . - S M S e S W S A W TS S GNP S S T D S S S S v —

1. COMPARATIVE RISK ASSESSMENT OF TOTAL ENERGY SYSTEMS

ABSTRACT

The paper discusses a methodology for total impact assess-
ment of energy systems, ideally evaluating all the impacts that
a given energy system has on the society, in which it is imbed-
ded or is considered introduced.

Impacts from the entire energy conversion chain ("fuel-
cycle" if the system is fuel-based), including energy storage,
transport and transmission, as well as the institutions formed
in order to manage the system, are to be compared on the basis
of the energy service provided.

A number of impacts are considered, broadly classified as
impacts on satisfaction of biological needs, on health, on envi-
ronment, on social relations and on the structure of society.
Further considerations include impacts related to cost and resi-
lience, and last but not least impacts on global relations.

The paper discusses a number of published energy studies in
the light of the comparative impact assessment methodology out-
lined above.

2. ADVANTAGES AND DISADVANTAGES OF DECENTRALIZATION

ABSTRACT

A distinction is made between local energy systems (located
close to users) and decentralized systems (with decentralized

control), and the relative virtues of local versus central systems

are discussed for a number of renewable and non-renewable energy
sources. The paper further discusses energy distribution systems
or "grids", e.g. for electricity, district heating and natural
gas transmission. For each energy form, the possible advantage
of using a common distribution line system is assessed.
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1.  INTRODUCTION

The purpose of this paper is to place health impacts of
energy systems in the context of a total impact assessment. In
many cases health and non-health impacts have commom causes and
cannot easily be treated separately. Furthermore, it is useful
to have a notion of the relative importance of health and other
impacts for different energy systems, in order not to be tempted
to draw comparative conclusions on the basis of health effects
alone, when a total impact assessment may lead to quite diffe-
rent conclusions.

In the following sections 2 - 5, some methodological ele-
ments will be discussed, and in sections 6 - 8 their application
to individual energy systems will be taken up. Only examples of
such applications will be dealt with, since no complete analyses
have yet been performed. '



2. TOTAL IMPACT ASSESSMENT

A full comparative assessment of different energy systems:
must consider all impacts of each energy system on the society,
in which it is considered implemented. Among these impacts are
usually some that may be labeled positive, while other ones are
- labeled negative. Someé impacts may be of a mixed character: e.g.
the discharge of waste heat to a water body may improve living
conditions for some of the flora and fauna of the water body,
but may deteriorate living conditions for other parts of the
biota. The positive impacts of energy supply are primarily the
benefits associated with the tasks, for which the energy is
applied. These include production of services and goods. Some
of the positive effects may be indirect, through a general sti-
‘mulation of economic activity, through stabilisation of energy
supply or through p051t1ve changes in attitudes towards a given
- society. : .

The main areas of potential (negative) impacts of energy
systems may be classified as related to the physical, the human
and the social enviromment. The physical impacts include modi-
fications of micro- or macro-climate, e.g. caused by carbon '
dioxide or heat releases, deterioration of terrestrial or marine
ecosystem (e.g. by disposal of pollutants) and resource degrada-
tion (such as landscape effects of strip-mining). The impacts.
may be site-displaced (air pollution traveling across national
borders) or time-displaced (migration of radioactive waste or

" other pollutants from burial site to drinking water sources),
and the impacts may depend on complex interactions exhlbltlng
treshold effects (triggering of Arctic ice melting or reversely
extension of glaciation).

.The effects on individual human beings include health ef-
fects caused by work or public exposure. The causes may be safe-
ty related (accidents), they may be noxious substances, noise
and stress—producing working conditions, and they may be radia-
tion exposure. In the case of accident risks a special problem
is presented by events with small probability but large conse-
querices. This extends into the social impacts, since such events
present not just individual but additional social risks, if the
consequences are disruptive, or if the social risk perception
is enhanced by the character of the accident conseguences. Exam-
ples of impacts on the social environment are modifications in
the distribution of burdens laid on different social groups
{(preponderance of poor people living close to a polluting power
plant, while the power-consuming high-income groups have moved
away), altered employment opportunities, shifts between diffe-
rent types of regional development (e.g. centralized versus de-
centralized), changes in control structure (establishment of
novel institutions, perceived need for anti-~terrorist protection
of energy installations, etc.), demand on foreign currency and




imported technology, modification of supply security (which may

mean different things for the individual and for society, resi-
lience meaning access to more than one supply option, in addi-
tion to reliability of a given energy supply system). And .to
conclude the list, any other interference with a society's range
of goals will constitute an impact of the social environment.

3. RISK CONCEPTS

Risk is a common language word which is used to express at
least the following three different concepts:

Direct risk is the probability of experiencing one unlt of
damage (e.g. the loss of one human life) per unit of time [1].
It can be expressed in the product form .

direct risk = frequency X damage
(Consequences/year) (events/year) (consequences/event)

Social risk is a measure of the implications for a given
society of an activity entailing a direct risk specified by
frequencies and corresponding damage magnitudes of individual
events. Of specific social concern are events with small proba-
bility but large consequences. This is a reflection of the dif-
ferent capability of a given society for handling small, fre-
quent accidents (such as automobile accidents) as compared with
large-consequence events for wich society is ill-prepared (due
to their low probability) or which society is simply uncapable
of handling due to its finite resources (e.g. number of hospi-
tal beds) or at the extreme due to a collapse of vital institu-
tions (e.g. in case of a major nuclear reactor accident affec-
ting the administrative capital of a small country) [2].

As a crude way of quantifying the social risk it has been
proposed to use an expression of the form

social risk = frequency x (damage)p,

where the damage is raised to some power p (larger than one),
which depends on the structure of the society in question [3].

Perceived risk is the risk of a given enterprise as per-
ceived by the public. It may differ from both the direct and the
social risk, and may exhibit short-term fluctuations and may be
strongly influenced by coverage in media. It also reflects public
confidence/mistrust in authorities and in many cases a large
discrepancy between perceived risks and officially stated di-
rect or social risks may reflect a history of previously expe-
rienced inaccuracy of official reassurance statements. In this
sense, perceived risks would have to be taken seriously in risk
assessment. Generally, emotional expressions are of course basic
in defining social priorities.
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4. COMPARATIVE RISK ANALYSIS

Some of the impacts of an energy supply system can be quan-
tified, other ones not. Of ‘the quantlflable 1mpacts, some may
be evaluated 1n monetary units, other ones not. A complete as-
sessment of a 'given system includes a polltlcal evaluation of
all the lmpacts, and a comparative assessment of different sy-.
stem choices involves a weighting of the impacts of the systems -

against each other. Since the impacts of different systems ac-

cording to the definition used here may be incommensurable,
such a weighting involves' value judgements, i.e. a political
decision. If the 'subset of impacts lending themselves to eco-

‘nomic interpretation is considéred in isolation, the term "full

costing" is applied, in order to make a distinction. from the

: direct costs alone.

A comparative assessment of energy systems must deal with
two major obstacles: the existence of unacceptable impacts and
of impacts with.large uncertainties. The definition of impacts
which a society will consider unacceptable should be made open
to democratic debate. Exampleé may be catastrophic accidents

. of disruptive size and major impacts occuring with-a time- or

site-displacement (so that other - eventually future - societies
would bear the burden without sharing the benefits). Once a so-
ciety has agreed, which impacts it considers unacceptable, it

would accept only such designs of energy- systems, for which un-

- acceptable impacts are absent. The problem of uncertain impacts

also may be dealt with by excluding energy systems with uncer-
tainty intervals streching into the unacceptable regions. More
problematic is the intercomparison of different systems with
large uncertainties of different nature. Again the rules for
comparison should in such cases be derived by full. public par- ’
ticipation, since such rules are necessarily politically debat-
able. Under the heading uncertainty should also be considered
the possibility of future changes in the attitude to selection
of acceptable and unacceptable impacts. Elements of a methodo-
logical approach to comparative assessment of energy systems
may be found in [4-8].

In identifying the impacts of a given energy technology,
the full energy cycle must be considered: from construction of
equipment, inputs of energy and materials, extraction and refi-
ning of fuels -~ if such are involved -~ through operation under
normal and abnormal conditions, to eventual dismantling of the
equipment and disposal of any bi-products emerging as a result
of the energy conversion scheme. Furthermore, impacts may arise
from.the use of the transport, transmission and use of the ener-
gy produced, from the institutions created for management of the
supply system, and so on. :

Many studies have compared some impacts of different energy
systems on the basis of equal energy production, e.g. considering




various fuel cycles from resource extraction to the generation
of electric power, on the basis of given power production. This
would ignore any differences occuring in the further transpor-
tation, conversion and use of the energy all the way to the fi-
nal services provided. The procedure would not catch differences
between centralized and decentralized systems in terms of power
transmission requirements, and it would not be capable of treat-
ing energy systems not” based on a simple energy production,
such as passive golar houses or systems involving changes in-
end-use structure leading to the elimination of a certain energy
use. _ ,

The proper basis for comparing energy systems is thus the
service provided by the energy system (the term "end-use" could
be applied but unfortunately it is often used for "energy deli-
vered to the final customer", a quantity that may exceed the
energy spent on the desired service by a large factor, cf.[9]).
In many cases there would be alternative ways of providing the
service in question, with different amounts of energy input
corresponding to different system design and technology. Energy
input may then be substituted by measures leading to a higher
efficiency, in which case the impacts of energy provision must
be compared to the impacts associated with the measures of ef-
ficiency improvement. This can only be done on the basis of an
identical service delivered. This concept will be further illu-
strated in sect.7.

5. MARGINAL AND COMPLETE ENERGY TRANSITION

If only a small part of an existing energy system is repla-
ced by a new one, the evaluation of indirect impacts is simpli-
fied. In this case, the gross social structure is given, and
impacts associated with e.g. energy or raw materials inputs to
the new system part may be evaluated using the existing produc-
tion methods, for which impacts are in principle known or could
be measured (except for the possibility of latent time-displaced
impacts). The impact on employment, balance of foreign payments
etc. is similarly determined, and social impacts - for instance
through changes in energy use styles - would be accessible
through means such as interview studies.

As the change in energy systems becomes more than marginal,
it would no longer be acceptable to base the evaluation on the
present surrounding system, i.e. the presently employed methods
of providing process energy, materials, etc. for the new energy
technology, and the present social structure as an indicator
of the impact, that the new energy technology may have on its
surrounding society. As the energy system changes in a major
way, new approaches to obtaining energy and materials inputs
will come into play. This does not necessarily mean, that each




new energy source will provide the energy for its own establish-
,ment, because it -may furnish other forms of energy than those,
whlch it requires during the ¢onstruction phase, but the chang-
ing mix of energy sources will define the energy inputs drawn
upon at any given time. Similarly,'a dynamical approach to ma-
terials prov151on, and to social impacts, must be used. This

is highly demanding, since it demands a model for the social
development to go along with the plan for replacement of the
energy system. And clearly, the energy system’does not define
“the social structure (although it ‘may be one factor influencing
it), so it may be-’ required to’ view the emerging energy system
1n the light of several soc1al development models, in which the’
same energy system may give rise to dlfferent impacts.

A

6. TOTAL IMPACT CRITERIA

The different methodological elements described in the pre-
vious. sectlons may be summarized in a "checkllst" of impacts to
be assessed for ‘each energy system. Such a checklist may take
the form suggested in Table I, containing a number of criteria
with which a given total energy system may be more .or less com-
patible. The table indicates a scale of compatibility ranging
from "highly incompatible" (negatively correlated with) over
"neutral" to "highly compatible" (positively correlated with) .

The set of criteria reflect basic individual and social goals,
ranging from biological needs over human relations and concern

for the environment to broad questions of international rela-

tions and. potential conflicts. This allows the energy systems

to be checked for their degree of consistency with different

types of social and political organization. Some of the crite-

ria directly or indirectly affect health, other ones not. ' ,

Furthermore, some of the criteria reflect issues on which.
there is a general consensus, while other ones probe into ‘cul- ' :
tural and economic organization of society, in somé cases pro-’
viding antithetic criteria, for which simultaneous .compatibili-
ty of a given energy system would eventually be excluded. '

The "degree of compatibility" scale is provided as a first
attempt of making the assessment quantitative. Only in a few
cases can a truly quantitative impact assessment be obtained in
comparable units. The idea of the checklist, which does not in
its present form claim to be exhaustive, is to avoid that unquan-
tifiable aspects of the assessment are left out of the analysis.

Many of the criteria formulated in Table 1 are subject
to interpretation. For example, item 18 (the 'energy system's
compatibility with having high material standards), may include
questions on the possibility of launching demand stimulating
campaigns (by the energy-providing utility companies or fuel-
selling companies), and item 16 (avoiding redundant institutions




and infrastructure) may include guestions of the feasibility of
stimulating energy efficiency. In many cases, the energy insti-
tutions and infrastructure are barriers against efficiency im-
provements (e.g. high fixed fees for electricity or district
heating provisions, combined with low fees proportional to
energy use) .

7. A HEALTH IMPACT CASE STUDY

In this section, the difference between system comparison
based on equal energy production and alternatively on egual
energy service delivered will be illustrated by considering
occupational health impacts of lighting.

The average U.S. delivery of light amounts to 540 lumen
per capita. To provide this an average electrical power input
into lamps of 40 W/cap is used [10], corresponding to a primary
energy input of about 120 W/cap. The lighting service is likely
to be smaller than the lumens delivered from the light bulbs,
due to only a fraction penetrating lamp shades and being direc-
ted towards useful areas. Assume that the actual lighting ser-
vice is 150 lumen/cap, & figure that may be high relative to
the light made useful when reaching proper surfaces for reading,
working and leasure activities, but a figure which recognizes,
that also some of the diffuse light from lamps is performing a
service in providing a pleasant environment for people.

Table II summarizes the steps involved in providing the
lighting service by conventional incandescent light bulbs power-
ed from a coal-fired electricity plant. The table also gives an
estimate of health impacts for each step, as provided by [11-12].
The attempt is here to include the manufacture regquirements
throughout society for each fuel-cycle step, using present (U.S.)
industrial structure and bio-medical data. In this sense the
health impact evaluation is a "total" one, but it only includes
fatalities and work-days lost as a result of injury, not social
impacts and mental injuries. It thus does not provide a complete
impact evaluation even for the items 2 and 6 in Table I, and
not at all for item 8. .

In Table III, a similar evaluation is made for a different
energy system, proposing to provide the same lighting service by
high-efficiency light-bulbs [10], by improved light-guidance to
relevant areas (more transparent shades, more reflecting walls,
etc.) and to provide the electric power by wind generators feed-
ing into the existing grid. In order to use the same health
impact data as for the coal-based system, a "marginal system
change" approach was used, assuming that the introduction of
wind energy does not lead to institutional changes, and that
specific back-up facilities would not be required (correspond-
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lng to a w1nd energy share in the system of up to about 25 pct.,

. (13D . ~

Fig.l compares the occupational 1mpacts of the two systems,
on the basis of equal (electric) power productlon and alterna-
tively on the basis of both. prov1d1ng a llghtlng service of 150
lumen/cap.. Clearly the "equal power production" comparison
gives a completely false impression of the relative impacts.

Table II indicates, that the coal-based system has a
public health. impact that is poorly known, but which may exceed
the occupatlonal hazard in magnitude.

Similar comparisons could be made for alternatlve ways of
- providing e.g. domestic hot water (for instance, comparing the
cycle "nuclear power - electricity - resistance heating - hot
water - rejected water" with alternative cycles: "solar collec-
tors - small hedt storage - hot water - waste water heat exchan-
ger", etc.) and space heating (for instance,.comparing the cycle
"fossil co-generation - direct heating lines - existing building"
with: "solar rooftop collectors - district heating lines - com-
munity heat storage -» back through district heating lines - re-
trofitted building with lower heat requirements", etc.).

8. CRITIQUE OF PUBLISHED STUDIES

A number of studies have been undertaken to compare the

" impacts of different energy systems, or of different system com-

ponents. In some studies, cost was the only impact studied, and

in other studies, health impacts alone were at issue [14-15,12].

These studies were made on the basis of equal electric power

production and they all suffer from the substitution of fairly ' .
arbitrary estimates for data not immediately available (with

the underlying philoéophy that bad' numbers are better that no.’

numbers) .

Studies attemptlng to broaden the’ range of 1mpacts consi-
dered, as well as considering alternative ways of a full tran-
sition between the present energy system and possible future
ones, have tended to restrict most of the impact discussion to
a qualitative level [16-19]. Some attempts have been made to
systematize the methodology of impact assessment [20,4,7-8].

They have been drawn upon in setting up the set of compatlblllty
criteria described in sect.6.

A few recent studies have moved in the direction of quan-
titative assessment in some o6f the impact areas neglected by
early comparative studies. Two such studies will be further
discussed in this section [21,22]. The range of impact areas
covered and the nature of coverage in these two studies is
summdrized in Table IV. The impact areas of Table I have been

- lumped together in broad categories for the purpose of Table IV,
which gives the relevant item numbers for Table I in parentheses.




- The IIASA study considers two. World demand scenarids, cor-
responding to different economic development and different allo-
cation of investments. All possible energy sources are invoked,
but with emphasis on nuclear and coal technologies [21,23-24].
The CIS study, on the other hand, constructs a scenario for an
all renewable energy system for Sweden, considered to be dicta-
ted by a Swedish policy of leav1ng the best options for a rapid
improvement of the situation in the World’s poorest countries
[22].

Neither study explicitly consider health effects, and the
distribution of emphasis on the different impact categories is
rather different. While the IIASA study assumes that the pre-
sent value system will be kept rigidly over the next 50 years,
the CIS study explicitly assumes a change in value system to-
wards more emphasis on global solidarity and on placing a cei-
ling on material consumption in the rich countries. A similar
explicit modelling of alternative future value systems were un-
dertaken in the Stanford study [19], and has been suggested in
other studies [5,25].

Although Table IV suggests that quantitative indications
can be obtained in most of the impact categories, this is clear-
ly not possible for each individual impact item. The importance
of unquantifiable impacts have been recognized in earlier stu-
dies [26], as has the existence of tresholds in public accep-
tance of impacts, e.g. an upper treshold beyond which impacts
are unacceptable [27].

Satisfaction of biological needs is used in the CIS study
to define a minimum of food and energy supply.

The little mention of health impacts in the IIASA and CIS
studies is surprising, since the IIASA alternatives rely on nu-
clear systems with little known but potentially significant
risks, in addition to the also little known - but qualitatively
well established - health impacts of coal and other fossil tech-
nologies, and the CIS study relies heavily on biotechnologies,
including forestry and methanol production industries, which
may be associated with substantial risks and health impacts.

Environmental issues are discussed in both studies. However,
the CIS study is mostly concerned with work and mental environ-
ment, while the IIASA study makes a fairly thorough investiga-
tion of the possible climate impact of carbon dioxide from fos-
sil fuel combustion (and yet draws the little qualified conclu-
sion, that the indicated temperature rise associated with the
fossil fuel use in the IIASA scenarios is unlikely to be a pro-
blem) . The IIASA study also looks into the pollution aspects and
the depletion of resources. On the other hand, no discussion of
the broad ecological impact of the envisaged futures is under-
taken, and the work and mental enviromment is not at all men-
tioned. There could be good reason to mention work conditions,
e.g. in coal mines and nuclear reprocessing plants, as well as




the impact on the mental environment of the security measures,
that today are felt necessary in order to deter nuclear terro-
rism and sabotage. Clearly, the mainly decentralized energy sy-
stem advocated by €IS would not have serious problems.of thls
kind. : '

Only the CIS study embarks on ' a dlscussion of the lmpact
of:energy systems on social relations. Indeed, this is a cen-

- tral theme of the study, which claims that its energy system is
particularly suited for a society with SOcial_relations better
that those prevailing today, and with work conditions similarly
improved, by means of a closer link between consumption and pro-
duction (i.e. production is directly controlled by peoples de-
sire for consumption, in contrast to‘the'presently detached pro-
duction structure, which invites production of some products

~ that could not be sold without heavy promotion). :

Actually, the CIS study treats all the questions of the

structure of society listed in Table I as items 9-19 and 23-24.
It specifically explores the goals of a non-competitive society

"and attempts to construct an energy supply system compatible
with such a society. A quantitative assessment is made of the
energy sav1ng resulting from the study’s proposed move towards
a minimum of institutions and infrastructure. On the other hand,
small and decentralized systems are preferred only when they are

* seen to provide clear advantages over larger and more centralized
systems. The proposed energy system ensures political indepen-
dence and its minimum of institutions and infrastructure ensures
that any change in policy can easily be made at a later stage.
The CIS study comments that-the opposite is true for nuclear
power systems.

. The IIASA study only sporadlcally deals w1th questlons of
social structure. It does treat the development of material stan-
dards (through the gross national product indicator), and clalms

, to have deviced energy systems compatible with high material

. standards. In reality, it has only considered GNP and may.in

' . fact represent the trap exposed in the CIS study: creating a

growing "structure" taking up more and more of the total GNP, -
and thus leaving less and less to contribute to real material
standard at the level of people. The IIASA study also discusses
political independence, -particularly in relation to fuel trade.

Both studies estimate the direct cost of each scenario,
and in the IIASA study, the priﬁciple of minimum direct cost is
even used to select the mix of energy sources {24]. The indirect
costs are not playing a role for the system choice.’

The question of system resilience is only receiving paren-
thetical attention in the IIASA study, which explicftly assumes
a "surprice-free" World development, with presently decided oil

" production ceilings as the only "political constraint". In con-
trast, the CIS-study makes a detailed analysis of the technology-
chains for each system component, i.e. it keeps track of where




the materials and skills come from and which degree of dependency
is involved. The preferred energy system of the CIS study are
described as sometimes "complex" but never "complicated", imply-
ing a mix of small- and large-size systems, a mix of centralized
and decentralized systems, but never systems depending on asym-
metric relations between regions. The degree of local rooting
may be taken as one resilience measure, other aspects béing as-
sociated with the impacts that occational technical failures may
‘have. - - . o - Co - : , I

As mentioned, a picture of Sweden in the global development
process underlies the CIS study. Key criteria are global elimina-
tion of poverty, of asymmetric dependency, of resource and envi-
ronmental exploitation and of the arms race. By relying on its
own renewable resources, Sweden may take away some of the glo-
‘bal pressures. : .

The IIASA study also deals with global relations, but in
quite different terms. Its central assumption is, that economic
development of the Third World Countries is only possible if
there is further economic growth in the rich countries [23]. It
is acknowledged, that economic growth as defined by GNP does not
adequately represent structural changes, which may occur in dif-
ferent regions, and that the model used does exclude such chan-
ges [24]. 1t is of course precisely these structural changes
that the CIS study attempts to model.

In summary, the look into two fairly detailed enexrgy stu-
dies has shown, that the full range of impacts suggested in
Table is beginning to receive attention, but that their treat-
ment can be approached in quite different ways. While the CIS
study tries to investigate an energy system based on an assumed
change in value system and social structure, the IIASA study
rigidly adheres to the socio-economic system that happens to
prevail at present. The IIASA assumptions are probably ghared
by most political decision-makers today, while the new value
system proposed by the CIS-study has a fairly widespread accep-
tance by the younger generation in many Western Countries. The
question is then, whether this generation gets adapted to the
views held by the present rulers, as they eventually take over
the desicion-making responsibilities, or if the new value sy-
stem will be replacing the old one along with the generation
shift.

Regarding those studies, which proposes to do quantitative
comparisons of selected impacts;, one should be very careful in
drawing conclusions at the present state of the art. In the case
of the nuclear energy systems, the most uncertain risk appears
to be associated with large reactor accidents. The methodology
used by the studies undertaken so far ([14] and related studies,
e.g. [28]) has been discredited as incomplete [29,2], and it is
not even clear, if the distribution of risk on accident size is
correctly assessed or not [2]. Furthermore, the impacts associ-




ated with large-area land contamination ‘has only recently been
_devoted detailed attention [30-31].

Similar criticism can be directed at the lmpacts associated
with the air, water and soil pollution from fossil fuel and wood
'burning energy systems. The full range on health impacts have
hardly been identified, and numerical risk estimates suffer from
large uncertainties (cf. e.g. [12]) .

More satisfactory is the assessment of occupatxonal rlsks-
associated with construction and manufacture processes inherent
in energy system equipment and operation. The problem is here,
that the calculated’ impacts are not properties of the energy
systems themselves, but of the partlcular 1ndustr1al methods
by which the systems are produced in given regions and at glven
times. In this respect, the.studies are useful in indicating
those areas, where a change in manufacturing process is called.
for. But in terms of comparative evaluation of different systems
one should be very careful in assessing, whether the industrial
method underlying given impact figures is essential or not, i.e.
if it would be technically and economically justified to use
alternative industrial methods with smaller impacts..
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TABLE I. CHECKLIST FOR EACH CONTEMPLATED ENERGY SYSTEM

Degree of compatibility with:

1. Satisfaction of basic biological needs

2. Accep»able health impacts

3. Ensuring individual security

4. Having meaningful social relations,

5. Having meaningful work activities

6. Acceptable accident risks :

7. Concern for physical environment

Spec1¢1cally 7a. Climate impact
7b. Air, water and soil
7¢. Mineral resources
7d. Biota, ecosystems

8. Concern for work and mental env1ronment

9. Goals of a.competitive society

10. Goals 'of a society based on equity -
11. Goals of a non-competitive society
12. Emphasis on strong division of work
13. Goals of a tradition-based society
14. Goals of a pluralistic society
“15. Encouraging democratic participation

16. Avoiding redundant 1nst1tut10nallzat10n\

and infrastructure
17. Avoiding power concentration
18. Having high material standards
19. Having high non-material standards
20. Acceptable energy provision share of
‘ economy("acceptable cost of energy")
- 21, Acceptable cost uncertainties
22. Resilience of energy supply system
23. Political independence
24, Keeping future development optlons open
- 25. Mirimizing potentlal for COnfllcts and
_ vars
26. Improving 1nternational relations
27. Improving conditions for development in
' the worlds poorest regions
.28, Overall evaluation being insensitive to
: uncertainty in individual impact estima

(neutral)

- o - +
S Fo i ——— +
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N S S Fommm———— + .
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Fom e e e Fom e —— +
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S Fo e ————— +
S, et +
Fomom e it —— +
+ A +
L . R N — +
I N Fom e ——— ¥

{:es Foemanm + +




TABLE II1. HEALTH IMPACT OF PROVIDING LIGHT BY INCANDESCANT
BULBS / COAL POWER STATIONS
: Impacts
Average energy ~
Step input flux Injury Fatality
(10"%r) - (107%p)
- - a . .a
Mining (surface) 154 W 54 12
. . a a
Processing/transport 139w 43 9
Power generation, 126 W
occupational hazard 672 10®
C b +1720
?
publlc hazard ; 430 _ 430
. . a a
Environmental protection 75, 14
(desulphurization)
C c. c
Power transmission 44 W ~ 200 ~ 40
Institutions & back-up ? ?
facilities
On-site installations 40 W ? ?

. . d a
Light bulbs (incandescant) 0w 5 3
Light distribution 540 lumen - -
Lighting service 150 lumen - -

Sum of center estimates: 444 518
(of which occupational:) (444) ( 88)

MDL =

& [11].

phurization).

Man Days Lost. D

= Deaths.

production and of transmission being similar.

ming cost of (3) bulbs is 2%, and using category of

eguipment").

b [12] (Assumes low-sulphur coal and 90% desul-
¢ Very rough estimate based on cost of power

d [12] (Assu-

"control



TABLE III. HEALTH IMPACT OF PROVIDING LIGHT BY -
: 'ADVANCED LIGHT BULBS / WIND POWER

. . Impacts
. Average energy
Step .. . : input flux Injury '~ PFatality
o (10"6MDL) - 10 %)
- Power in wind 12w
Power generation . 3.9 W'
occupational hazard g L 29% - 38
.8 : c c
" .Power transmission 3.9 %W ~ 20 ~ 4
Institutions. & back-up ' ' ? . , 2.
facilities :
On-site instaliations 3.5w . 2 ?
(incl. transformers) '
- v o a _ 4
Light bulbs (advanced) 3.3 W. 35 20
Light distribution . 300 lumen . - -
(improved) - S : o
Lighting service ‘ 150 lumen
Sum of -center estimates; 84 27

. Footnotes: cf. Table II.

d Assumed cost of aavanced ligﬁf‘bulb : 15% (1976-level)




TABLE IV. IMPACT TREATMENT OF TWO ENERGY STUDIES

Impact - ' study:

category , - 11asa[21] cis[22]

Biological needs'’
satisfaction (1+43) : = Q

Health (2+6) _ - -

Environment (7,8): . aQ o

-]

Social relations (4,5) - q

Structure of society

(9-19, 23, 24, 28) m - qQ
Cost (20,21) Q mgQ
Resilience (22) (m) Q

Global relations ‘
(25-27) mgQ q

Key to treatment given:

Q = quantitative
g = qualitative
m = mention

= not considered ( or only sporadically mentioned)

Impact categories give items of Table I included in parentheses.




COMPARISON OF. OCCUPATIONAL
HEALTH IMPACTS BASED ON
EQUAL LIGHTING SERVICE

COMPARISON OF OCCUPATIONAL

HEALTH IMPACTS BASED ON
EQUAL POWER PRODUCTION

=
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1. Introduction

The aim of this paper 1s to dlscuss relatlve merlts
of local and decentrallzed energy systems, as compared
with large, centrallzed systems. A questlon of partl—
cular 1mportance is, whether the 1nc1us1on of a dlstrl—
butlon line network is justified or not. |

| The'terms "Jocal energy systems" and "decentralized
'energy systems" ‘are not centirely identical. A decen—
tralized system is one, which does not depend on a
distant "center", or one for which the-dependence on .
.a center is weak. The center may:of'course be»the place,
‘where a large energy conversion'plant is located, or
~where fuel is extracted or stored, but the center may
" also be the locus of control (e g. a_utility company
. Operatlng,a humber of~d1spersed wlnd turbines placed
locally). The concept_"decentralization" hence relates,i
to the control structure. |

A local energy‘system;»on the other hand, is one
located close to 'the users, Thus "local" relates to
the siting of the energy systems as seen from the ener-
gy user, 1i.e, the geographlcal locatlon of the flnal
Astep of energy conversion ("end-use').

Questions of "locality" and of "decentralization"
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ray he addressed to each step in an energy conversion

chain: rescurce extraction, refining, conversion,

storage and. any other handling necessary. Some. steps -
in the chain may be carried out locally, while other
steps are done centrally, and the control structure
may leave some steps under central control whlle
,other steps may becomn docenurallzea.;

The discussion of local versus central may bé taken
up for each energy‘source, considering different con;
version methods and system set-up. However, the opti-
mum solution depends as much on the nature of the
services; for which energy is needed, and hence on
‘the energy form required. Questions of decentraliza-
tion are further related to social and political is-
sues, and the specific discussion of the advantages
and disadvantages of various distribution systems is
best performed or the basis of energy forms rather
than energy sources.

These different aspects will be discussed in the

following sections.

2. Local or central systems
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~An overvlew of poseible layout of;energy systems 1is -
attempted in Fig. 1. This eection will assees local
" versus central systems with reference to the system
components shown in Fig. 1, for a range of different
energy sources, ‘

Oll may be found near to energy use 81tes. Yet the
reflnlng of petroleum rroducts is a well—establlshed
'large~scale chemical enterprise, i.e. centralized're~
flnlng has establlshed itself as economlcally prefe-'
'rable. The dependency involved in, centrallzatlon of
_0il extraction and reflnlng is seenAas an international .1
problem, but most countries have national refineries,
so ‘that utilization Qf_local'(and eventually small
' scale)'oil resonrces would be seen as'diminishing the
Vdependency,*even if the crude oil. hae to‘be'transported
to a dlstant but natlonal reflnery center and the pro~
Aducts back to the local users. Thus the scheme would
be of the type shown 1n Fig. l(c), w1th central reflnlng.
but eventually local extraction. The flnal conversion
1s made locally, but the 81t1ng of fuel stores is a
questlon of 1mportance. Decentralization of fuel storage
' has.very clear advantages related to supply securlty

and diminished power to the center. The local storage
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capacity should be of the order of a year’s use in or-
der to allow for Substitution in-case- of break—down of--
the relations to the center. Themnet:energy jield of

petroleum products diminish with the:distances of
transportation to and from central refineries, and the
present size of refineries may not be optimum,

Naturalrgas differs from petroléum products in that

local storage is less easy. Presently, most gés systens
have very little storage facility, aﬁd the stores in
operation are Centrél installations (e.g. in caverns)
situated far from most users. Local natural gas systems
would be feasible only in cases where the extraction
rate can be safely controlled,

Petroleum products and natural gas are in widespread
local use, while the use of coal locally has been de-
creasing (in the highly industrial countries it has
almost vanished) for environmental reasons. Instead,
coal is being used in central installations, such as
large power plants, where control of effluents and use
of tall stacks are considered more manageable. A re- N
turn of coal as a fuel for individual, local users is
dependent on the introduction of environmentally ac-~

ceptable advanced combustion techniques. Fluidized-bed
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combustion may go seme way towards fulfilllng this
criterion, Further development is needed in the tech-
niques of local handling and storage of coal and rela-
ted-products»(lignite, peat); before a fetufn to local
coal use can be'consciously-recommended. |

| ‘The carbon.dioxide release connected with all fossil

- being
fuel combustlon is 1ncrea81ngly realized to deflne the

4N
role of qusil fuels as. one of filling out a transi—
ntionalAperiod between primitive use of fenewable ener-
gy sources and mofe'auvanced use of renewable energy
~ sources or of nuclear fuels.
An 1mportant but with a few exceptlons (Bu31ness

‘Week 1980) neglected p0581b111ty is small scale, lo—

- cal use of nuclear fuels for power or heat or both

FlSSlon reactors W1th a thermal capacity below about _
'[100 Manqrnot have the p0531b111ty;of'soc1ally\unaccep—‘
table catastrophic accidenﬁs; and therefore‘have the
potential of reespeblishing confldence in use of nu-
clear energy, if they can be made economical. They.
still are open to objections réleted.to fadioactive'

_ weste managemenf and to linking energy provislon to.

military interests.

Geothermal energy systems are in many cases conve-
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niently located in user areas, Closed loop systems
providing heat for aistrict”hegtipg‘;;gggﬁgz%ggg;g
small power turbine can be made‘envirénmentally'acif7
ceptable in inhabited areas, and storage of energy.

may not be necessary, since the conversion rate can -

be controlled (water heat stcrage can be added in case
of cogeneration). The Sysﬁem is thus normally of'thé
simple type depicted in Fig. 1(a). |

Small-scale hydro and tidal power can be used to

serve local users with electricity. FloW-type-hydro
installétions are of the type shown in Fig. 1(a), |
while reservoir based systems haw a water reservoir
situated before the conversion unit. Most small scale
installations will only have limited (e.g. diurnal)
storage capacity. Tidal reservoirs filled during the
inflow period can only be used when the outer water
level is sufficiently low, and two-way systems have
even.more narrow cycle definition. Some small-scale
hydro installations could establish long-term storage
reservoirs, in which case they ;ould serve as truly
local energy systems. In other cases, and this is pro-
- bably the majority of cases, available power levels

will fluctuate, so that the system will have to depend




- 27 -
on eonnectiens to,centrdl power_plants, Or'alternatiye—
ly will have to install Separate storage facilities ca-
pable of storlng and regenerating electric power (this
is the system illustrated in Fig. 1(b)) The availabi-
lity of hydro—sulted locatlons is such,_that only aﬁfew'
users.could hope to possess a local energy system. The
motivation for dedlcatlng hydro (and tldal) resources.

to local users is. thus weak.,

Wind energy use for electrlc‘power production is y
generaliy characterized by highly‘fluctuating Qutpﬁt'
fand»by only very‘special’sites having wind conditiehs
that will'make the~conversion equipment ecohomical~
, Thus, like nydro the W1nd is only 1n few cases sulted
as a purely local energy system. However, 1t can very
well form part of a decentrallzed‘system in Wthh dis-
‘persed converters feed into a common grld A common
:grld rece1v1ng contrlbutlons from different renewable

resources with dlfferent time-characteristics clearly

-~ exhibits increased viability. These comments on local

wind energy systems may not hOldvforﬁmulti—blade wind~
converters pumping water for irrigation, because here
the purpoSe is not to maximize power production, but

to furnish a small, but rather stable level of power




output with simple. technology. Such systems are thus

almed at being less dependent on siting in good wind
regimes,

Direct solar energy converters are highly suited

for local installation, because of the high degree of
regional uniformity of ihsolation (i.e. little can-be
gained by moving tﬁe collectors even several hundreds
of kilometers away), and because most solar coilectors
can be mounted on éxisting structures, such as buil-
ding roofs or wallé. In this way there is a strong, |
economic advantage'of placing the collectors 1o¢a11y
rather than centraily, where in the latter case spe-
cial supporting Strucﬁures have to be provided. This
1s true for flat-plate thermal collectors as well as
for photovoltaic converters, whereas tracking, cqncen;
trating collectors cannot always be accomodated on exi-
sting buildings. The direct solar systems are of the
type shown in Fig. 1(b), because they all require a
kind of storage (or back-up system) after conversion,
if they are.to provide energy anytime during day or
night. While the converters are very suited for local
installation, the gquestion of the best location of an

associated storage is more complex. One option is
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clearly a local storage,'large enough to make the sy-
stem autonomous. Howevep,'more economical syStems may
be obtained by proviéion of a distribution grid and |
communal or cent al Storage.

Use of biomass for directvcombuetion or for fer;

mentation (to form biogas or alcdhol) is well suited’

.for local implementation,while.tﬁe more advanced me-

'thods of forming liquid bio-fuels are likely to re--

qulre a chemlcal plant of considerable size. This is

true of methanol productlon from wood products, by a

. catalytic process following ga51flcatlon, and it may

also be true for ethanol'production; 1f the energy

cohsuming destillation process is to be replaced by‘

chemical water removal'(Apéce Newsletter,'l980) The

' scope for maklng these processes economlcally v1ab1e

on small scale W1ll have to be con81dered

3, Distribution systems

Table 1 gives, for nine different energy forms, an

example of a distribution system. Chemicals and fuels

'may be transported in tubes or in portable. containers

on ships, trains etc,, the preference usually being
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strongly dependent on the existing infrastructure, the
gy forms such as electricity may be transformed and
transported in a different form (e.g. as chemical e-
nergy in a battery), as an alternative to a grid. The
advantages and disadvantages of a line-based distribu-

tion system will be discussed below.

L, Grid or no grid?

Discernable preferences for and against line-based

distribution 8re summarized in Table 2. Such pfeferences

may change with time, and some may at present be in a

process of changing.

Electric power is today largely connected with
grids. This preference is connected with the utiliza-
tion of large, central power plants. If future electric
power were to be generated by solar cells placed on in-
dividual rooftops, the need for an extended grid would
become more debatable., Where it already exists, it
will probably be kept for emergency back-up, but for
newly electrified communities (e.g. in rural develop-

ment areas), it may be contemplated to construct only

—] ]
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a locél grid, withdut interregioﬁal connecfions, In- |
stead, batteries or peak-units pased dn‘fuel may be
provided for emergency. Even better‘is a reservoir-
bdsed hydro system, if available. if other renewable
sources, such as wind and hydro resdurces not located
.néar use areas are to be exploited, an extended grid
would be‘called,for aégording to thé remérks made in
section 2. Furthermore, the system stability obtained-
by interregional grid connections would have to be con-
- sidered, in a final evaluation.z¥t‘is not ﬁniikely,‘that
‘the best solutionlfor presently ﬁdn—electrified.regions
would be:fifst to ihvesﬁ in»locél systems, and postpone
' the investment in large grid connections to allater
.phase.

It follows from Table 2, that some enérgy forms areA
not presently considered suitable'for grid systems.'
- Liquid fuels may be a bordérlinelcase, with pipeline
transmiésioh sometimes considered feasible. The'question
marks pertaining to elastic energy rests on the relati-
vely unexpldred possibility of_h&draulic préssure trans-~
mission systems, which has been suggested in connection-
with wave power and industrial machinery (Ladomatos gE'

al., 1979). Compressed air storage systems today use

~-12~ oy
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conversion before distribution.

Sensible -heat- is presently used both with and with-—

out grid. District heating lines 6ffer many advantaéés,
such as accepting many different forms of input (e.g.
from fuel-based boilers and cogenerating power‘stations,
as well as from local, e.g. solar converters). However,
the return on investment in a new district heating sy-
stem 1is oftén lower than investments in insulation,
infiltration controi and passive solar systems, and as
the heat requirement drops, the return on a district
heating system further deteriorates, Only for very dense
building clusters (such as urban centers)is the grid-
basec heat distribution.system indisputably viable at
present, Another thing is, that a number of cultural

and practical barriers make it unlikely in many places,
that the achievable passive lowering of building heat

requirement will be reached in the near future.

5. Economic assessment

In summary, Table 2 shows a considerable scope for
local systems without grid connections, but also a

scope for decentralized systems making use of a common

-13~




- gy converters, as well as for overall supply security.
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grid to solve problems of lQad-management, energy sto-

rage required by variable outputs from renewable ener-

- The most important economic question is one of in-
vestment risk. Here there is a clear advantage of sy-

stems based on small, modular investments, relative

‘to systems relying on single, large units of investment,

even if the total cost is identiéal; The. 1local and de-

+

centralized systems are by naturé modular and thus of-

fer the less risky inVestment policy from the above

point of view. This does not answer the question of,

whether a common gfid-(and the impiiéd degree of cen-
trélizatioﬁ) is advantageous or nof,vbut_thefdiscﬁs— N
sion shows, that grid systems offer considerable ad-.
vantages of éupply security, if they are. considered

as emergency back-up for a decentralized conversion

- system. In contrast, the grid systems may add to the

risk of supply failure, if -they afe based on large,
central converters, that are few‘in number relative to.'
thé size of the load (cf. major bléck—outé in COnnec-
tion with failure of large electric power statidns).
The discussion has indicated a ?ossible strategy in

forming new energy supply systems where no system is

~1l—
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yet available, in that local conversion systems attach-

ing corverters and storage facilities to local grids

~can provide a viable system, which can then later be
made more resilient against loss of load by adding in-

terregional grid connections.:
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 Table 1. Transmission of-.different energy forms.

PRODUCT OF
CONVERSION SYSTEM

EXAMPLE OF

DISTRIBUTION SYSTEM

6.
7.
8.
9.

Electricity

Radiative energy

Kinetic energy (e.g.
Qf,inerﬁié, rotation)

Elastic energy (e.g.»

‘compression energy)

Chemical reaction energy'

Gaseous fuelf»

Liquid fuel
Latent heat

Sensible heat

Electriciﬁy.transmission
grid
Electromagnetic'wa?e

emitter/receiver -

Mechanical conneétion
(e.g; oscillating rod)

Hydréulic(pipeline

Séparate portable con-

tainers for reactants

‘Pipeiine

‘Portable COntainers'

Portable containers A

District heating lines
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Table 2., Preference of system with or without

~ distribution lines.

ENERGY FORM

WITH GRID WITHOUT GRID

1.

3.
4
5,

7o
8-
9o

Electricity “

Radiative energy
Kinetic energy

Elastic energy

Chemical reaction energy
Gaseous fuel

Liquid fuel

Latent heat

Sensible heat

+(2)
+
+
? 2
+
-
+
+
2(+) ?
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Lasse Rasmussen, Aage Bonde Krammer, Jens Hg¢jgaard Jensen.
4/78 "Tre essays" - om matematikundervisning, matehatik1&reruddanneisen og
videnskabsrindalismen. - .
Mogens Niss.

5/78 '  "BIBLIOGRAFISK VEJLEDNING til studiet af DEN MODERNE FYSIKS HISTORIE"
S " Helge 'Kragh. ’ S

6/78 " "Nogle artikler og debatindlag om -~ lareruddannelse og undervisning i fysik, "
og - de naturvidenskabelige fags situation efter studenteroprgret”
Karin Beyer, Jens H¢jgaard Jensen, Bent C. Jgrgensen. ' ‘

7/78 . "Matematikkens forholé til samfunds¢konomien“%
‘ ‘B.V. Gnedenko. . ' )
» 1 N .
8/74 "DYNAMTK 0G DfAGRAMMER". Tntroduktion til enerqy;boné—qrépﬁ Formalismen.
Peder Voetmann Christiansen. ’ o ’

9/78 "OM PRAKSIS' INDFLYDELSE PA MATEMATIKKENS UDVIKLING"
Motiver til Kepler's: "Nova Stereometria Doliorum Vinarioum"
Projektrapport af Lasse Rasmussen. '
Véjléder: Anders Madsen.

10/79 "TERMODYNAMIK I GYMNASIET"
Projektrapport af Jan Christensen og Jeanne Mortensen
Vejledere: Karin Beyer og Peder Voetmann Christiansen.

11/79 "STATISTISKE MATERIALER"
red. J¢rgen Larsen.

12)79 "Linezre differentialligninger og differéntialligningssystemer"
’ Mogens Brun Heefelt.
. » .
13/79 "CAVENDISH'S FORS@G I GYMNASIET". Projektrapport af Gert Kreinge.’ N
.Vejleder: Albert Chr. Paulsen:' :

14/79 "Books about Mathematics: History, Philbsophy, Education, Models, System
Theory, and Works of Reference etc.' A Bibliography".
Else Hgyrup.

15/79 ?STRUKTUREL STABILITET - OG KATASTROFER i systemer flog udenfor
termodynamisk ligevagt! Specialeopgave af Leif S. Striegler.
Vejleder: Peder Voetmann Christiansen. '




19/79

20/79

21/79

22/79

23/79

"STATISTIK I KREFTFORSKNINGEN". Projektrapport af Michael Olsen og Jgrn Jensen.
Vejleder: Jg¢rgen Larsen.

"AT SPPRGE OG AT SVARE i fysikundervisningen"
Albert Christian Paulsen.

"MATHEMATICS AND THE REAL WORLD", Proceedings of an International Workshop, Roskilde
university centre (Denmark), 1878. Preprint.

Bernhelm Booss & Mogens Niss (eds.).

"GEOMETRI, SKOLE OG VIRKELIGHED". .
Projektrapport af Tom J. Andersen, Tommy R. Andersen og Per H.H. Larsen.
Vejleder: Mogens Niss.

"STATISTISKE MODELLER TIL BESTEMMELSE AF SIKRE DOSER FOR CARSINOGENE STOFFER". .
Projektrapport af Michael Olsen og Jg¢rn Jensen.
Vejleder: J¢rgen Larsen.

"KONTROL I GYMNASIET - FORMAL OG KONSEKVENSER".

Projektrapport af Crilles Bacher, Per S. Jensen, Preben Jensen og Torben Nysteen.

"SEMIOTIK OG SYSTEMEGENSKABER (l1)". l-port line®rt response og stg)j i fysikken.
Peder Voetmann Christiansen. ’

"ON THE HISTORY OF EARLY WAVE MECHANICS - with special emphasis on the role of
relativity”.
Helge Kragh.

24a/85
24b/80

25/80

26/80

27/80

28/80

29/80

30/80

31/80

32/80

"MATEMATIKOPFATTELSEK HOS 2.G'EKE® 1. En analyse.
"MATEMATIKOPFFATTELSE HOS 2.G'ERE" 2. Interviewmateriale.
Projektrapport af Jan Christensen og Knud Lindhardt Rasmussen.
Vejleder: Mogens Niss.

"EKSAMENSOPGAVER" Dybdemodulet/fysik 1974-79.

"OM MATEMATISKE MODELLER". En projektrapport og to artikler.
Jens He¢jgaard Jensen m.fl.

"METHODOLOGY AND PHILOSOPHY OF SCIENCE IN PAUL DIRAC's PHYSICS"
Helge Kragh.

"DIELEKTRISK RELAXATION - et forslag til en ny model bygget pd vaskernes visco-
elastiske egenskaber".

Projektrapport, speciale i fysik, af Gert Kreinge.

Vejleder: Niels Boye Olsen.

"ODIN - undervisningsmateriale til et kursus i differentailligningsmodeller"
Projektrapport af Tommy R. Andersen, Per H.H.Larsen og Peter H. Lassen.
Vejleder: Mogens Brun Heefelt.

"FUSIONSENERGIEN - ~ - ATOMSAMFUNDETS ENDESTATION;.
Oluf Danielsen.

"VIDENSKABSTEORETISKE PROBLEMER VED UNDERVISNINGSSYSTEMER BASERET PA MEANGDELERE®
Projektrapport af Troels Lange og Jgrgen Karrebak.
Veijleder: Stig Andur Pedersen.

"POLYMERE STOFFERS VISCOELASTISKE EGENSKABER ~ BELYST VED HJELP AF MEKANISKE IMPEDANS-
MALINGER OG MOUSSBAUEREFFEKTMALINGER".

Projektrapport, speciale i fysik, af Crilles Bacher og Preben Jensen.

Vejledere: Niels Boye Olsen og Peder Voetmann Christiansen.
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33/80 "KONSTITUERING AF FAG INDEN FOR TEKNISK-NATURVIDENSKABELIGE UDDANNELSER: I-II."
Arne Jakobsen.

34/80 "ENVIRONMENTAL IMPACT OF WIND ENERGY UTILIZATION". ENERGY SERIES NO.1l.
Bent Sgrensen.

35/80 "HISTORISKE STUDIER I DEN NYERE ATOMFYSIKS UDVIKLING".
Helge Kragh.

36/80 "HVAD ER MENINGEN MED MATEMATIKﬁNDERVISNINGEN ?" Fire artikler.
Mogens Niss. ’

37/80 " "RENEWABLE ENERGY AND ENERGY STORAGE". ENERGY SERIES NO.2.
Bent S¢rensen.

38/81 "7II, EN HISTORIETEORI OM NATURERKENDELSE, TEKNOLOGI OG SAMFUND"
Projektrapport af Erik Gade, Hans Hedal, Henrik Lau og Finn Physant.
Vejledere: Stig Andur Pedersen, Helge Kragh og Ib Thiersen.

39/81 "TIL, KRITIKKEN AF VEKST@KONOMIEN"
Jens Hgjgaard Jensen.

40/81 "TELEKOMMUNIKATION I DANMARK - oplag til en teknologivurdering”.
Projektrapport af Arne Jg¢grgensen, Bruno Petersen og Jan Vedde.
Vejleder: Per Ngrgaard.

41/81 "PLANNING AND POLICY CONSIDERATIONS RELATED TO THE INTRODUCTION OF RENEWABLE
ENERGY SOURCES INTO ENERGY SUPPLY SYSTEMS". ENERGY SERIES NO.3.
Bent Sdrensen.

42/81 _ "YVIDENSKAB TEORI SAMFUND =~ En introduktion til materialistiske videnskabs-
opfattelser"”.

Helge Kragh og Stig Andur Pedersen.

43/81 1. "COMPARATIVE RISK ASSESSMENT OF TOTAL ENERGY SYSTEMS”
2. "ADVANTAGES AND DISADVANTAGES OF DECENTRALIZATION"
Bent S¢grensen.
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