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The paper deals with e1éments~of;a methodology for

. long-term energy planning with particular reference

to the introduction of renewable energy technologies,
and a methodology for comparative assessment of ener-
gy systems. The discussion comprises technical and
economic viability, indirect economy, environmental
and social impacts, as well as the influence of uncer-
tainty on the assessment. The role of renewable energy
in future energy supply systems is discussed, with
separate treatment of the situation in developing
countries and in highly industrialized countries.
Finally, mechanisms for the mobilization of technical
and financial requirements are touched upon.
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Introduction

1, dne feature of the ongoing technological development -
is aﬂ emergence of a range of new energy conversioh sy=
stems and devices that could form part of such systems;
Some of these devices alm at increased efficiency in the
use of bfesently employed energy sources, while other 7
deviceswaiﬁ:at tapping novel sources of energy. Among
phese, the renewable energy sources play an important
role, Several among—the new energy conversion techniques
have been developed to a point, where they are claimed
to be technically viable for introduction into current
ehergy supply systems. However, fhis does not mean, tﬁat
they are actually introduced. The reason may be lack of
economic viability or inertia in moving away from the
present types of energy supply systems. Economic viabi-
lity in itself is a complex issue, involving expected
future trends of alternative fuel prices and a political
weighting of indirect economic factors, such as supply

security, foreign currency expenditure, etc.

2, It follows that a methodology must be established,

for the comparative assessment of different energy supply
systems. This methodology must reflect the characteri-
stics of the different technological solutions considered,
also in cases where the structure of alternative systems
is very different. It also must take into account the
conditions set by the type of society, in which the con-
templated energy systems are envisaged to function. Pre-
ferably, a common methodology should be formulated, which

would be applicable for societies at different stages of
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development, rather than devicing different methodologies

for industrialized and developing regions,

3, Once a desirabie energy system has been identified,
for a given sOciety; the question of'implementing such
a system must be addressed The necessary timescale has
to be established, “and a policy concept. would have to
be followed by a detailed planning effort. A.smooth tran-
sition from the present system to the chosen future one |
could demand a very extended time horison,-but the more
undes1rab1e the present system is Judged to be, the more
emphas1s may be’ placed on enhanc1ng the tran81tion.,A
key element in the planning effort would then be the
mobilisation of financ1al and technical resources for
the purpose. In this respect the developing countries
'would be particularly pressed, because of their need for
increased energy supply to ensure the development pro-
cesSe For.the developed countries, the need for an ex-
panding suppiy of energy may be less urgent, or at least
the energy growth-rate is by most-planners expected'to
become cons1derably less than the one needed to accom=-

pllSh development in the poorer regions of the world.

Comparative assessment of energy systems

4, 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;

}

>
t
1
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Amoné thesé impacts are usﬁally some ﬁhat may bejlabeled
positive, while other ones are labeled negative. Some
impacts may be of a mixed character: e.g.‘the discharge
of waste heat to a water body may improve living condi-
tions for some bf‘the florérand'faunagbf'the water . body,
but may deteriorate living conditions for other parts

of the biota. The positive impacts of energy supply is
primérily 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 stimulation of economic
activity, through stabilisation of energy supply or through
positive changes in attitudes towards a given society.
The negative impacts of energy systems may include the
possibility of accidents and adverse health effects, a
degradation of the environment and the introduction of
undesirable working conditions, as well as indireét im-

pacts on social and mental well-being.

5. ©Some of the impacts of an energy supply system can
be quantified, other ones not. Of the quantifiable im-
pacts, some may be evaluated in monetary units, other
ones not, A complete assessment of a given system in-
volves a political evaluation of all the impacts, and
a comparative assessment of different system choices
involves a weighting of the impacts of the systems a-
gainst each other., Since the impacts of different sy~

stems according to the definition used here may be in-
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commensurable, such a weighting involves velue judgements,
i.e. a political decision. If the subset of impacts lend-
ing themselves to economic interpretation is considered
in isolation, the term "full costing" is applied, in or-

der to make a distinction from the direct costs alone,

'6t A comparative asseesment of energy syStems must .deal
with two major obstacles: the existence of unacceptable
impacts and‘of-impacts With iarge uncertainties. The -
- definition~0f impacts which a society will consider un-
“acceptable shouid be made open to democratic debate..
Exampies may be catastfophic accidents of-diSruptive
size and major impacts occurlng with a tlme— or site~
dlsplacement (so that other - eventually future - socie-
ties would bear the burden without sharing the benefits).
" Once a sbciety has agreed, which impacts it cbnsiders‘
unacceptable, it would accept only'such designsvof energy
systems, for which unacceptabie=impacts areeabeent; The
problem of uncertain.impacts also may‘be-dealt:with by.
'excludinglenergy systems with uncertainty intervals.stret-
ching inte the unecceptable regions, More problematic
is. the intercomparison of different systems with large
uncertainties of different nature. Again the rules for
compafison ehould in such cases be derived by full ﬁublic
participetion; since such rules are necessarily politi-
callj debatabie. Under the heading uncertainty‘should
also be considered the possibility of future changes in
the attltude to selectlon of acceptable and unacceptable

impacts, Elements to the methodologlcal approach to com-
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parati?eréssessment of energy systems may be found in
chapter 7 of Serensen (1979), and in the work of the
study groups by OECD (1981) and UNEP (1981).

7o ,In,idéntifying the impacts of a given energy tecﬁ-i
nology, the full energy cycle must be considered: from
construction of equipment, inputs of energy and materi-
als, extraction and refining of fuels - if such are in-
volved - through operation under normal and abnormal
conditions, to evéntual 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 energy produced, from the
institutions created for management of the supply system;

and so on.

From marginal modification to complete energy transition

8. If only a small part of an existing energy system
is replaced by a new one, the evaluation of indirect
impacts is simplified. 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 production methods,
for which impacts are in principle known or could be
measured (except for the possibility of latent time-

displaced impacts)(Hamilton, 1980). The impact on em-

ployment, balance of foreign payments etc. is similarly
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determined, and social impacts - for instance through .
changes ‘in energy use styles -‘Wouid be accessible through-

means such as interview studies.,

9. As the change in enefgy system becomes mere thaﬁ
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, ete,‘for'the’new energy technology, and the

present social structure as an indicator. of the impact,

that the new energy technologybmay have on its surround-

ing society. As the energy system changes~in a major

‘way, new approaches to obtaining energy and materialé

inputs will come into play. This does not necessarily

mean; that each new energy.sburce will provide the energy

| for its own establishment, because it may furnish other

forms of energy than those, which it. requires during
the construction phase, but the changing mix of energy

sources will define the energy inputs drawn upon at any

given time, Similarly, a dynamical approeCh to materialé

provision, and.to social impacts, must be used. This is
highly demanding, .since it demands a model for the so-
cial development to go along with the plan for replace-
ment of the energy system, And, clearlj the energy sy-'
stem does not define the social structure-(although it
may be one factor infiuehcing it), so it may be reqﬁired
te view the emerging energy system in.the.light of seve-~

ral social development models, in which the same energy
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system may give rise to different impacts.

10, Tpagii;gnally, the benefits of energy production
has begﬁ:diécussed in terms of the gross national pro=—
duct (GNP},Vﬁoting that in periods of increasing energy
usage, GNP has usually also been increasing. To deter-
mine, if there is a causal relation, and if so its na-
ture, a more thorough investigation must be made. Fig;

1 indicates the development in energy spent per unit

of GNP produced in different parts of the world, during
the period 1930-1970. It is noted that the levels reached
by Western Europe and Japan are much lower than those

of USA, USSR, Eastern Europe and Oceania, and that the
specific energy use in Western Europe and Japan has
even declined during the period 1950-1970, despite fal-
ling fuel prices. Selected figures for the most recent .
period indicate a new decline in energy use per unit of
GNP for industrialized countries, i.e. the effect of more
efficiéﬁt use of energy in response to the sudden price
hikes. In other words, the GNP has shown some elasticity
with respect to increasing energy prices, at least for
some countries, It would be expected, that given some
additional time, and means of financing, industry and
other energy use sectors could improve energy use effi-
ciency much more, leading to a further "decoupling" of
energy use and GNP (Serensen, 1975; EEC, 1979; Colombo
and Bernardini, 1979, SERI 1980).
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and South Asia (Danish Ministry of Commerce, 1975)
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'11. The gross national producf is a measure of those
activities in a society, for which monéy is payed. It
thus increases if the same task is performed in a more
‘cumbersomé way, provided thaﬁfthe steps' involved are ..
part of tﬁé money<e§onbmy. Itifollows, %hatuli%ing.stéh;
dard (possession-of‘material goods) and goal.satisfaCe
tion (related to éommon humén‘gcals and to goals speci=-
fic to individual cultures) will bé‘iiétle*cofrelated
with GNP.'Growth in GNP may be associéted with more waste—'
full ways of production, WifhVinérééSe”ofJadministration
and with human settlement types that'iﬁcféases the de-
mand for transportation (cf. Mishan, 1969; Erikséon, et al.,
1974). A structural change is society may imply, that
the fraction of GNP contributing to living standard and
goal satisfaction declines, even if the absolute values
of living standard and goal satisfaction may still in-
crease. At the extreme, a GNP increase may be associated
with declining real standardss It follows from the de-
finition of GNP, that singular increases in GNP may oc-
cur (without increasing standards), whenever some area
of activity can be moved from the non-monetary part of
the economy to the money economy, E.g. when exchange
of money is introduced for activities such as child care,
looking after the elderly, household chores, entertain-

ment, etc. (Hvelplund, 1980).

12, Applied to energy use, it follows from the above,

that a declining energy use per unit of living standard
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or goal satlsfactlon (if quantlflable') can be achleved '

- either by improving the convers1on eff1c1ency ‘'or by changing
)

those parts. of the social structure reapon51ble for poor

-_translatlon of energy and other inputs 1nto 1mproved E

real standards. Such con81deratlons must replace the
direct comparison of energy>productlon alternatlves,
hecause'different'energy systems may lend themselves
more or less eas11y to. structural 1mprovements affectlngf
the energy end use. Furthermore, 1t w1ll be relevant to .:
con81der as alternatlves on one 81de addltlonal energy '
'productlon, and on. the other side 1nvestments ‘in alte-'
- rations’ redu01ng the end use ‘energy, such that-the
alternatives lead to 1dentlcal;liulng standard and goal:
satisfaction;'Or'mOrevlogically«toﬂassess thesimpacts
of identical investments in these alternatives,'since
'the assessment of p051t1ve and negatlve 1mpacts is what

ultlmately defines the goal satlsfactlon in the broadest»

- sense, including mater1a1 and non-materlal goals.
. : : 3

1 -

13. The main areas of potent1a1(negat1v@ 1mpacts of energy
systems may be class1f1ed as related to the phys1cal o
the human and the s001al env1ronment The phys1cal im-
pacts 1nclude modlflcatlons of mlcro--or macro-cllmate,
e, g. caused by carbon dioxide or heat releases, deterio-.
ration of terrestrial or marine ecosystem (e.g. by dis-

" posal of.pollutants) and resource degradation (such‘as
Alandscape effects of'strip-mining).jThe impacts may be

site-displaced (air pollution traveling acrossjnational<
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borders) or time-displaced

waste or other pollutants f

(migration of radioactive

rom burial site to drinking

water sourées)éwand the impacts may depend on complex

inFeractionsfexhibiting tre
of Arctic ice ﬁgiting or re
ciation). | |

The effects qn individu
effects caused by work or p
may be safety related\(acci
substances, noisé and stres
tions, and they may be radi
of accident risks a special
vents with small probabilit
This extentsvinto the socia
present not just ;ndividual
if the conseqﬁences are dis

risk perception is enhanced

shold -effects (triggering -

versely extension of gla-

al humah beingé include heélth
ublic exposure. The causes
dents), they may be noxious
s-producing working condi-
ation exposure. In the case
problem is presented by e~

y but large consequenées,

1 impacts, since such events
but additional social_risks,
ruptive, or if the social-

by the‘chafacter of the ac=-

cident consequences., Exampl

environment are modificatio

es of impacts on the social

ns in the distribution of

burdens laid on different s

ocial groups (preponderance

of poor people living close to polluting power plant,

while the power-consuming high-income groups have moved

away), altered employment opportunities, shifts between

|
different types of regional

development (e.g. centralized

versus decentralized), changes in control structure (e~

stablishment of novel institutions, perceived need for

anti-terrorist protection of enérgy installations, etc.),

|
I
i
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. demand on forelgn currency and 1mported technology,~mo—,
dlflcatlon of supply securlty (whlch may mean different
.thlngs for the 1nd1v1dual and for 8001ety, re51llence
meanlng access to more than one supply optlon,lln addi-
‘tlon to rellablllty of a glven energy supply system).
'And to conclude the 1lst »any other 1nterference w1th
a society’s range of goals_w1ll constltute an 1mpact

" on the social environment.

Technical uiability of.renewable energy systems
14.'In.the_stream of soientific eno'popular information :
on new_technology,vand in'particuler'on renewable'energy

. technolOgies, it. is3often-difficult from ahfirst impres-t.
-s1on to Judge, whether the technology descrlbed is pro-

' ven, is olose to or: far away from technlcal v1ab111ty,
or even.ls<mere1y an 1nterest1ng 1dea Only proven tech- :
nlques for convertlng renewable energy sources w111 be
dealt with in the follow1ng d1scuss1on, 1 e. dev1ces _
Wthh have shown technical v1ab111ty on a realistic. soale,
but not-necessarlly devices that have been commercialized,

or for which final designs have been reached.

15. Renewable energy conversion system, that have been
in use for some tine, include flow; and reservoir-besed
.hydro power, steam=- or hot. aqulfer-based geothermal energy

for power or heat- (geothermal energy is usually counted

- with the renewable sources, although it derlves from an.

exhaustlble - albelt large - reserv01r), w1nd turblnes
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(such as the conventional horizontal axis rotors), wood-
fuel (including cHéchai) and flat-plate, concentrating
and photovoltaic- solar collectors for heat and power,

Conversion of manure.-and-onganic waste to biogas has

functioned for some time, and induétrial fermentation
of certain crops br crop residues to ethanol is being
revived for energy purposes; Other biomass.conversion
techniques, such as methanol production ffom wood, has
been proven but is not in widespread use, This is also

true for tidal energy in suitable bay locations.

16. Energy supply systemsvbased on renewable energy will
not approach autonomy unless suitable energy storage
devices are made available.(cf. Serensen, 1979, chapter
5-6). Proven storage systems in actual use comprise pum-
ped water, batteries and hot water heat storages, and

at suitable locations compressed air storage. Storagé
using hydrogen, flywheels, chemical phase change and
advanced batteries is possible, but not in widespread
use. Superconductive storage has been succesfully used

in research facilities, but is not otherwise in use,

Economic viapility of renewable energy systems

17. The economic viability of one of the renewable energy
systems listed above as technically viable should in

the most general form be assessed by a total impact

comparison of alternatives, under the conditions set
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by the society considered, i.e, the full comperative'
assessment outllned in the paragraphs above, However,

one important component in the assessment is the- direct

cost of alternatlve means of prov1d1ng energy. By "di-

.rect cost" is meant the life-cycle (of equlpment) cost

of constructlon, 0peratlon maintenance, any running

materials 1nput (e g fuels) and eventually dlsmantllng .

costs and spe01f1cally paid external costs (e.g. for

- waste treatment-orupollutlon control). ThlS total direct

cost is usually given reletive to the totalvamount of
energy provided over the life of the equlpment, expressed
€+g. as flxed $ (refered to a 81ngle year, ise. uninflated
or'kear'ﬁ).per kWh or per J (Joule).-The capital cost . A
ofAconstruction is'oftennquoted for energy systems,. but

it clearly is insufficient to judge upon the yiebility.

-a‘By "viability"'is-often'understood competitiveness with -

.some reference alternetive,-or With the cost of currently

provided energy. The latter is a dﬁbious approach,_since;
the very reason for wishing to introduce new'sources of
energy usually is, that the present system cannot provide
the energy needed in the future. I% the existing system
should be used to assess viabilityi the marginal cost , ,

of the latest unit added should be selected and if the

'ex1st1ng system is- based on fuels, a model for the future‘

price developmentcof fuel must be used., It is therefore
evident, that a statement on the viability of a new e-
nergy system has to be associated with considerable un-

certainty. Below, direct energy costs will be estimated -

for a number of renewable energy systems.
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HYDRO POWER

18. Large-scale hydro power installations have traditio-
nally been considered one of the-éheapest ways of pro-
ducing electfgggty. However, the iﬁstal1ation cost,iéj
extremely site-specific and depends on dam requirement
and on reservoir developing expenditures much more than
it depends on the costs of turbines. The physical cha-
racteristics of the would-be reservoir may lead to ex=-
tensive landscape restauration costs and costs of silfA
tation reductidn. If the area is iﬁhabited, relocatidn
of people may be required, with both monetary and human
costs., If the site is remote relative to existing utili-
ty grids, new transmission lines may constitute one of

the largest cost items,

19. Production costs at existing hydro power plants in
the US range from 0.004 td 0.025 $§ per kWh (1977-prices)
(Todd et al., 1977). New installations including site
development costs 500-3000 $ per kW installed power,

In Norway the production cost is even lower, selling
prices being about 0,01 $§ per kWh (including transmis-
sion and overhead costs) (NORDEL 1979), For new plants
the cost is estimated as 0.025 § per kWh, again including
delivery to a block of customers. Fig. 2 illustrates

the high viability of hydro plants relative to conven-
tional fuel-based power plants. Small plants (1-10 MW)
have about twice the construction cost of the large hy-

dro installations, and mini-size plants (of the order
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of 10 kW) even higher. However, some of the smaller plants
- are based on rivef flow or small stfeams, without inten-
tion of regulation. This makes the'hydro power produc-
'tlon uncontrollable (except that 1t may of course be
sw1tched off) and hence less valuable, but on the other
hand the cost may go down substantlally, since no reser-
voir developing costs are involved. If battery or other

storage has to be added in order to provide power any

time on demand, this advantage will again be upset.

GEOTHERMAL ENERGY

20, Geothermal steam or hot water may be used for‘elec-
tricity production in a thermal power plant, or may de-
liver heat to a district heating system. The iﬁstallation
costs include those of exploration, of drilling, of the
extraction system and the converter, and finally of pos-
sible effluent disposal equipment. For many existing
plants, effluents are released to the environment, even-
tually after treatment. The capital cost of such instal-
lations is estimated to be in the range of 600 to 1700

$ per kW, leading to a power cost of 0.015-0.043 $ per
kWh (UNERG, 1980). In the future, reinjection of efflu-
ents may be required, possibly with the requirement of
one additional drilling hole. For district heating use,
two holes are always drilled, so that the hot water from
the well, which typiecally contains corrosive pollutants,

is floating in a closed circuit (Clot, 1977). It is e-

stimated, that plants based on concentrated underground
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flows of heat w111 remain highly competitive w1th fuel-

‘based alternatives.

~ WIND ENERGY

. 21. Table 1 shows a recent‘assessment of the cost esti-
mates, tnat can be derived from the present experience
with larger utility connected wind turbines producing
electr1c1ty.vThe report conclude5° "MaJor progress in

»the wind power programmes of a number of developed coun-

tries now seems to assure the economic V1ab111ty of 1arge-

scale W1nd power prOJects over‘the next'few years"(UNERG
| 1981) ThlS 1mp11es, that v1ab111ty is ensured relative
to a cost of reference above some 0. 04(1981 )3 per: kWh

‘which then represent the estimated cost of conventlonal

. power generation averaged over the next 20 years (but in

 fixed prices). The table indicates that cost 1ncreases
as the turbine unit size goes down. This is not fully.
supported by the experience with commercial wind turbines.
in the 50'kwlrange,'for which customers'find economic
viability ensured today With corresponding power prices
‘being around. O o24 (1979-)3 per KWh (Sorensen, 1980).

22. The electricity-producing wind turbines considered
above are considered attached to a'utility grid system
of which théy constitute only a,minorpfraction (under
25%) . For larger share, energy storage is required, e.g.
by coupling to an existing hydro power'system'with suf-

ficient reservoirs, if available., Autonomous systems
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TABLE 1,
" Replicate Present ‘Present Types ifé Advance Designs
Prototypes Mass Produced if Mass Produced
Large Systems $0.08 - 0.10/x¥Wh $0.05 - 0.06/xWn | $0.035 - 0.045/kWh

Medium Large

| $0.10 - 0.25/xWm

‘$°.08 - 0.20/kwh -

$0.05 — 0,10/kWh

Medium and Small

$0.15 - 0.50/kWh

| $0.10 -~ 0.20/kWn .

$0.05 - 0.10/kWh

Aséumptions: Site mean wind speed 6.3 m/s; 18% fixed charge rate; 20 year amortisation

period. Quoted costs do not include the reduction possible with tax credits. Mass

production implies the manufacture of 100 machines or more.

dollars.

Costs quoted are in 1980

Table 1: Wind energy cost estimates and goals, for eiec-

tric power producing horizontal axis free~-stream turbines

(from UNERG, 1981)
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for remote applications (é.g.lin regions without utility
transwissionlgrid infrastruoture),lenergy storage-or
back-up must be provided.. The extra cost of a diesel‘
fgenerator for this purpose w1ll in many cases’ be 1ess
than. establlshlng connectlons to central grld systems,
and. the w1nd turblne Wlll be payed for by the fuel it
displaces, The same'holds,for non-eleotrlo appllcatlons3
té;g. for water pumpihg.iIf diesel-generators'is the.al-
ternatlve, and the fuel prlce is 0.8 $ per. 11tre, the
"reference price is O, 5 to above 14 per kWh of hydraullc
{power, the smaller flgure applylng to - dlesel sets of

' larger sizes (25-100 kW) and the hlgher one to small
d1ese1 engines (around 3 kW), The‘post of" hydraullc‘
’power derived from w1nd generators:adapted to~the'pre-
vailing w1nd reglme is expected to range from O 25 $

. per kWh (hydraullc power) for large units 1n average
wind speeds above 5 metres per second, up to 1.35 %

per kWh for small machines at sites with average wind |
speeds of:B-ﬁetres per sec., At L4 metres per sec. the

' cost'has'already.dropped below 0.50 $ per kWh (UNERG,
1981). | |

BIOMASS ENERGY
"23. Prices of woodfuel dlffers cons1derably between dif-
ferent parts of the world. However, it 1s used because’

it is the least expensive alternative at a given locale,

Wood-fuel may'be:inlthe‘form of fuelwood (stemwood, wood

bunches, scrap'WOOd),,charooaltoruother collectableAre-
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sidues, and it may be traded commercially or col}ected
- by the users on-the commons. The production cost may
be taken as the cost of reforestation and management ;
of gié.bio-resoﬁiée, iﬁdepenagnt of whetﬂ;r such a prb—
gramAis actualiy undértaken. This'coét lies in the range
of 10-30 § per ton of dry wood, leading to an energy-
cost. of O;OOZAO,CO7 $ per kWh of thermal energy associa-
ted with burning (1976-level, based on Johansson-and
Steen, 1978). Commercial sales prices of wood in Sweden
correépond to twice the uppef~limit production costs
just quoted. It follows that use of wood for energy pur-
poses, including electricity generation, is highly com=-
petitive in countries with a large forest area available
per capita (e.g. Sweden and parts of New England). In
many other areas, the use of land for forestry is in
competition with other land uses, and the above costs
should be augmented by an amount reflecting the value
of the land in alternative applications. |

In evaluating the economy of woodfuel, the type of
application should be considered., While wood is every-
where used for .construction, about 75% of the total
wood consumption is in the developing countries (Open-
shaw, 1978), primarily used for cooking, insect con-
trol, heating and process heat, mainly in minor in-
dustries, The cost is here from nothing to about 0.01
$ per kWt of burning value, not counting family labour
in wood collection for domestic use. Even the upper

price quotod may seem very cheap, but often the equip-
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ment used for end-use convers1on (stove, etc ) has such
a low efficiency, that the total cost for a given task

is even higher4than'1tiwould be 1nAthe industrialized

' countries with expensive fuels but.efficient equipment.

2L The one-chamber bipgas plants‘intextenSive use .in

',"“India is estimated to“cost 340 $ for a plant producing .

3 cubic metres of gas per day plus 7 tons of composted
manure annually. ThlS yields an energy prlce of. O, 008

$ per kWh of biogas, but about half of thlS cost is re-~
gained by valuing the fertlllzer blproduct (Khadi & Vll—
lage Ind., 1979). A more sophisticated: two-chamber de-
s1gn con51dered in Denmark is estimated to 1ead to a
biogas price of O 06 $ per kWh wh1ch is con81dered com-
petitive with alternatlves for heating the farm 11v1ng
quarters,Aw1th_a-pay-back.period of 5 years (Bro, et

alo., 1977) ]

25, Biomass-derived.liquid fuels include‘ethanol<and

methanol. The largest ethanol production program is in

Brazil, where it is used to reduce oil imports, mainly
for the transportation sector.. Its value is therefore

that.it_displaces‘imports,'because-it can be produced

with materials (including energy inputs) of domestic

origin, At present, the.energy inputs are nearly equal

to the energy output (Hopkinson and Day, 1980). The bio-
mass basis_is.sugarcane,-anq it has been pointed out,

thatratvpresent sugar_prices,1BraZil could obtain a




26—

larger positive contribution to the foreign payments
balance by exporting its sugar than by producing etha-
nol (Yang and Trinidade, 1980). However, sugar-brices
are'fluctuating and méy décline, whereas o0il prices afe
expectéd to increase monotonically, so thét long=range
considérations, as well as supply secufity aspecté fa-
vour the decision of Brazil to go oh with the alcohol
fermentation programme. As for methanol, no larée—scale
pfoduction facilities are operating, but it is expected,
that a net energy of 30-50% of the energy in the biomass
(wood) can be obtained as methanol, and that a cost a-
round 0,178 pef lifre is feasible(Svensk Metanolutveck-
ling, 1978)., This corresponds to 0.036 $ per kWh of me-
thanol, which is not competitive relétive to the produc-
tion costs of petroleum products, but is competitive re-
lative to the current sales prices of petroleum products
that methanol would be replacing (gasolin and diesel oii),
assuming same distribution costs and taxes in the con-
sumer country. The difference is royalties and profits

above standard mark-up rates in the oil case.

SOLAR ENERGY

26, Flat-plate rooftop collectors are used to provide
hot water and space heating. Current installed system
costs are in the range of 200-500 § per square meter

of collector. The energy cost depends on geographical

location (insolation, heating nced) and usage mode. For
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pure hot water systems, heat costs of 0.02-0;05 $ per
kWh have been obtained; while for‘residential space heating
and hot water systems, the range is 0.03-0,07 $ per kWh
oflheat at'different locations in the USA (SERI ©1980).
Tax credlts have not been cons1dered in these estlmates._‘
The solar system provides only part of the needed heat,
‘the fraction belng 27-92% for the US. examples. Compared
with electrlc-heatlng, all the systems con51dered above .
are economlcal but relatlve to other convent10na1 sour-
ces of residential heatlng (such as natural gas in the
US), only the installatlons in the lower end of the cost
range are v1able, at present fuel prlces.

h ) Lo . : ' . . N
27. VariOus kinds of ooncentrating“solarvcollectors may .
be used for produc1ng heat at temperatures hlgher than
those requlred for res1dent1al heatlng. Appllcatlons
are as.lndustrlal,process heat or forloperatlon of oooling
and'refrigeration systems, Figure 3 gives an overview’
of the.technologies and their temperature achievements.
The collector costs are higher than for flat-plate col-
lectors,'and some systems require tracking of the direc-
tion to the sun. System costs have been estimated at
500-800 $ per square meter (Brown, 1980),'with annual
: system convers1on efflclen01es of 30-50%. Improvements
in materlals and designs are expected to be possible,
and they aretnecessary if economic viability is to be

accomplished,
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Fig, 3. Practical operating temperature ranges of

several types of Solar thermal collectors for indu-

strial process heat (SERI, 1980)
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28. Photovoltaic production of electricity is a techno-
logy in rapid development. When the terrestrial appli- '
cations of‘solar_cells (derived from space technologY)_
started to gain momentum in_the early 1970’ies, the cost
of the cell itselfvwas about 10Qi$'per,watt of peak per-
formance. As illustrated in Fig. 4, this cost has now
fallen to below 10 $ per peak-Watt, and is expected to’
reach values5below O 5 $ per peak Watt‘towards the end
,of the present decade. The solar cells may be mounted
on rooftops, or may be 1nstalled in 1arge utility-type
systems on supporting racks.; ‘The system costs are pre-l
sently around 20 § per peak watt (Fig. 4), but are ex-
pected to get below 2 (1980-)3 per*peak watt before
1990, Even in this case, the. electr1c1ty price will be
0.1 § per kWh or. more, because of the 1ow capac1ty fac-
tor (the annual average power level is only 10-207 of
the panel peak power) , Thus for a while, photovoltaic.
"power generation will only be economically viable for’
particular,applications.(e.g. in remote areas, where
transport of fuel is expensive and bigh reliability un-
der unattended conditions is required), but if the cost
'rednction trends continue beyond 1990, solar-cells may
:be an important COmponent" in electric power generation.
If it becomes a major component in utility systems, e-=
nergy storage facilities will be required, as in the

case of wind power. At high latitudes the insolation

is poorly correlated with power use, so_herelveryosub-
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stantial storage sizes will be required.

PASSIVE SYSTEMS

29. Building heat comfort can be achieved not only by
active energy-providlng systems,»but also by a number

of "pass1ye" measures. Among these are passive solar
systems (-special collector-walls, w1ndows w1th insula-
ted shutters, etc.) and load-affectlng bulldlng compo—
nents ( 1nsulatlon, air 1nf11trat10n control and heat |
Aexchangers, etc.). For new bulldlngs, passive energy
'_systems can belmadelpart of the design, while for exi-
sting buildings,;Various degreestof retrofitting is pos-
s1b1e. The assessment of economlc v1ab111ty for thesé
systems is 51m11ar to that of energy supply systems,
except that here the annual energy saving is to be .com-
pared with the system cost (charge on capital. 1nvestment
plus maintenance and operating costs, if any). Fig. 5
shows the incremental cost of'saving'an additional unit
of annual energy for space'heating.by retrofit as well
as at construction of a new'building,.under Danish con-
ditions. Measures below the dashed line are economically
viable with a capltal charge rate of 18A and current re-
sidential heat prlces (- 0.045 § per kWh of 1nput to boiler
unit), Fig. 6 shows the result of,a similar calculatlon
for an ‘average house at an average location in the USA,
_con51der1ng retrofitting of one-family dwelllng. In: jud-

glng v1ab111ty of these measures, 1t should be kept in
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Fig. 5. Incremental cost of saving one kWh/y/m2 extra, for
Danish one-family dwellings (new construction or retrofit)
and apartment buildings. The dashed line indicates the capi-

tal investmont, which at 18% charge will pay for 1 kWh at
1980 prices (based on Norgérd, 1979)
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mind that US fuel prices are hardly half of the Danish

values, On the other hand, capital charge rates are also

lower,

30. Building heg£ g§mfort is not the only area, where

an economical asséssment hasAto consider on equal footing
the provisionAOfrenergy and,the improvement of_efficiéncy
in energy use. Electric appliances can be improved, uéually
by greater efficiency introduced at the time of replace-
ment (useful life for most appliances being much less
than for buildings), Several such measures are economic
today (Nergdrd, 1979), the same being true for improved
mileage of auﬁOmob;les; Generally the trends of capital
inveétments needed for additional efficiency improvement
will look like those of_Figs. 5 and 6, as function of the
improvement already thained. In indﬁstry there aré si-
milar possibilities, with a major area of improvement
being associated with cascading of process heat from
higher to lower temperature processes, In the same ca-
tegory is also co-generation, whefe electricity use is
combined with heat-generation (what would otherwise be
waste heat associated with thermodynamic engines) for

use in the plant or as district heating elsewhere (see

e.g. Serensen, 1981),

Possible role of renewable energy in future energy

supply systems



, roughly 2 kW per caplta (one TW - terawatt - is 10=
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. 31, In order to'assess the possible role of renewable

energy sources 1n‘future energy . system, a resource esti-

'mate has to be performed This 1s attempted in Table 2,
-g1v1ng average energy flow rates for_the renewable-sour-y

ces of flow type, but energy contents for sources of re-

servoir,type and'for-the depletable resources listed for
the sake of'compariSOn} The estimates of recoverable
amounts are gross figures (not including;conversion |

1osses) and they may be associated with impaots_(environ-

' mental;‘etC,), which some sooieties.wiil find unacceptable. -
_The maximum acceptable contribution fromfrenewable re-
‘sources may therefore be pniy‘a'fractionfof.the'recove- |

‘rable amounts; by the'teChnology;Of conversion presently

contemplated. :
Cd

1

32, Furthermore, an idea of the future need for energy

should be,established.'The preSent global rate of energy

’-conversion is on average about 8’TW; corresponding to |

12 -

watts). In the US the . present rate of energy use is

‘over 10 kW per caplta. If the World populatlon stabl-

‘lizes at 10 bllllon and they all were to use energy as

the present average American, an energy usage rate of-

100 TW results, Lt is not concelvable, that this rate

of energy converéion'could be achieved“with aoceptable

impacts using presently known-teohnology.'The alterna-

tive following from the discussion in previous sections’

is to move towards more efficient use of energy, im-




TABLE 2. ESTIMATES OF GLOBAL ENERGY RESOURCES.

3G

-Resource .- 'Estimated recoverable Resource
| " amount ' base

~ Solar radiation at S

- Earth’s surface 1000 TW 90000 TW
Wind. 10 TW 1200 TW -
Wave 0.5 TW - (3 TW)
Tides 0.12 Tw® 3T
Hydro | 1.5 TW? 30 TW
Salinity gradients . ' 3 TW
Geothermal flow o 30 TW -
Geothermal heat 50 TWy® 1.6x10 Twy
Kinetic energy in atmos-
pheric and oceanic . ,
circulation 32 TWy
Biomass (standing crop) 4,50 Twy®

0il | 300 TWy?,2500 TWyP
Natural gas 180 Twy?,1400 TWyb
Coal 930 TWy2,6000 TWy®
Uranium-235 90 Twy? |

Other fission resources 10000 TWyb
Deuterium fusion - 3x10ll TWyb
Present rate of

energy cqﬁversion 8 TW

Based on Bent Serensen: Renewabl
London, --1979.:), and J. Chessh

e Energy (Academic Press,
ire and K. Pavitt: Ch. 5 in

"Wcrld Futures" (C. Freeman and M. Jahoda, eds.), Martin

Robertson, London 1978.

qpstimated recoverable reserves

bEstimated recoverable resources

Cat present,

(proven and possible).

(ultimately minable).

e
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plying a reduced energy 1nput per caplta in the 1ndustr1a- .
'llzed natlons, and an increased input of per capita energy
“in most developing nations. The resulting average energy
.‘inputs’in the future would be in‘the range of l-q‘kwyper
capita, with the lower part of the range being more likely
to be achievable with acceptable impacts. A number of de-
tailed models of how to modify thefpreSent use structure
and‘technology!.ln order to reach snch'goals; have been

_constructed (Serensen, 1981b, IPSEP, 1981).

1 33. It follows that a vision of the fntnre Worlo'may’be
built around an assumed SatUration in}population and in
‘energy use,'to be reached some time duringvthe next cen-
tury._Saturatlon in energy use ‘means that the 1ntroduc-
'tlon of . new energy-requlrlng act1v1t1es at that tlme is
compensated by 1mprovements in technology of conversion,
.The levels of populatlon anq energy use at saturation
are more debatable - and conceivably conld change modest-
ly with time - bnt would for theizlst_oentury most likely
be a maximum ponulationlof lOlOpeople with a'maximum ener-
gy use totalllng 10-40 TW, the most llkely interval belng
10-20 TW, i.e. between 25% and 250% ‘more than the present g
value,

| ‘Table.2 indicates, that it should be technically
pOSSlble to cover this level of energy use entlrely by
renewable resources, w1thout approachlng the limits of
practlcal utilization indicated in the table, and leaving

room for losses in g01ng from prlmary energy input to
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the energy delivered to customers. Elements of a discussion
of the economic and social viability of a -transition to

‘such an.all-reneWéble energy System will be presented

below.,

Selected-assessmehts of impact

54 Considering a strategy aiming at improved efficiency
of energy use and the introduction of renewable energy
sources to gradually replace any non-renewable energy
sources in use, a discussion of the impacts on develop~
ment options can be undertaken. Since the replacement

of an energy supply system or the building up of a new
energy supply sysﬁem usually is a slower process than
the introduction of modifications in the way energy is
being used, it shall be assumed that efficiency impro-
vements are the basic content of short-term policies,
but that the effect of introducing new energy supply sy-
stems will only show up on a medium or long-term time

scale, even if policy decision are made immediately,

Impact on regional development options.

35. In many developing regions, the current energy situa-
tion is unstable in several ways: use of firewood for
cooking on inefficient stoves and other purposes, for

an increasing population, leads to deforestation, which
again has a number of negative implications, e.g. on

water balance, soil conditions, etc. Use of imported
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‘- fossil fuels has lead to serious foreign currency pro-

blems, as the cost of these fuels - or at least of oil
- has been raiéed aBruptly in recent years. Continued
reliance on impoéted fuels ahd wastéful'utiiizaﬁion of
forest reSourcesiwill in many coﬁntries place serious

festrictibns on the prospedtsvfof development.?

%6. While the introduction of new energy sources, éuch
as solaf heat and eleéfricity, wind and'hydro power, or'
dev%ibpment of indigenous resources of geothermél and
fossil energy where they aréfpresent, Will for most
developing countries imply deep reliance on imported

technology and foreign aséistancé,:if thése'sources

should play a role on short'tefms,jtheﬁ a gradual develop--

ment of such options over the medium and long range time -

. scale could be made consistent with essentially keeping

open the full range of development options, among which
different societies would like to be able to select their

preferences.,

| 37. However, this leaves the short-term energy problem

to be solved by other methods. Conditions’for such solu-

tions are that they are rooted in a mobilizatidn of in-
. { i

| digenous resourcqs, and that the import fraction is re-

stricted to mainly transfer of ideas and concepts. The
indigenous resources comprise labour, materials and fi--

nancial ﬁeans. Although less glamorous than new energy
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supply systems, measures to improve the efficiency by
which energy is being used undoubtedly have the largest
prospect of contributing to relieving the immediate
squeeze- on the economy of non-oil-producing developing
countries, In many parts of the world, cooking is domne
on stoves with only a few percent conversion efficiency.
Improved stoves have been deviced and adapted to the

use of materials available in different regions of the
world, so that investments are confined to local mate-
rials and labour (VITA, 1980). A dedicated implementa-
tion program could lead to a 5 to ten~fold improvement
in firewood conversion efficiency over a period of about
10 years, for a number of rural areas in the developing
countries, This would - in combination with a proper
afforestation program - turn the wood resource depletion
into a situation with a substantial annual wood surglus
in a renewable mode, which could be used for industrial
. processes and thus contribute to the economic develop-
ment of the regions,.

In areas with both agriculture and animal produc-
tion, measures to optimize the relative importance of
the two can be used in combination with fertilizer and
biogas production from manure and residues, in order to
achive a self-contained energy- and food-providing far-
ming system. This also would contribute to liberating

resources for industrial activities and social develop-
ment,
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Imnact on global development options

38. The global enérgy scene is today dominateéd by the

.energy use of thenindustrialized countries and relative.

to its populatlon the USA 1s the 1argest spender of
energy resources. Given the squeeze on the presently
employed energy sources and the tlme needed to achleve
any sizable 1mpact of new energy sources, 1t is evident
that'the inefficient utilization of energy resources in
the‘industrialized world is effectively blocking for
development both'within.these countries and - in par-

ticular - for the less priyilegedycountries,

'39. The industrialized nations have the technology, the

'1nfrastructure and the financial means to 1mp1ement 1m-..

provements 1n energy use eff1c1ency on a short time.

1

scale. Numerous studles have demonstrated ‘that drama-

-tlcal decreases in-specific- energy use is compatlble with

improved living standards, or even are necessary condi-

- tions for further improvements in living standard (Nor-

.g%rd, 1979; Krause et al.,.l980; SERI, 1980; Sorensen,

l98lb).'In ten years, about half of all vehicles and

home appliances will have been replaced, and at least

25% of industrial machinery will have been renewed.

Thus, a concerted effort to ensure, that the replaclng
equipment representsthe best currently technology, ener-
gy-wise, can lead to a sizable decrease in energy de-

mand in the 1ndustr1allzed nations. already withln the.

flrst’decade. And, notably, this decrease is not achieved
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by "saving", i.e. by refraining from activities, but is
an integral part of a new kind of forward development
for the already highiyideveloped countries; At the séme
time, the forces thg}?make'the supply ofAfgsgil fuels
uncertain and motivg}es“further price hikés,'will be
removed or weakened, This.is a condition fér reverting
the adverse effect of the present o0il supply situation
on developing economies: Economically, the invesfments
in energy efficiency improvements have muéh shorter pay-
back times than any new supply option, and will continue
to have that for at least the rest of this century (i.e.
for a lohg time the "flat part" of curves such'as those
depicted in Figs. 5 and 6 will apply, and only in the
medium to long=-range fufure will the steep part of the
curves apply, meaning that new energy sources will be

more advantageous relative to efficiency improvements).

Economic uncertainty

LO. The cost profiles of renewable energy systems and
energy efficiency improvements are quite different from
those of conventional fuel-based energy supply systems.
For most fuel-based systems, the initial investment is
modest compared with the present-value of the running
expenses for fuel during the life of the conversion
equipment., For renewable energy systems, most of the
expenses are concentrated in the initial capital cost

of the equipment, due to the absense of fuel expendi-

ture, The difference is illustrated in Figure 7.
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L1, Flg. 7 111ustrates in a schematical way the influence
of uncertainty on the cost profiles of renewable and non-
renewable energy systems, The fuel-based systems have
large uncertaint?‘iﬁf?fﬁéls;'due tofthe uncertainty
of future fuel'biicéé% Thé:uncertainty for the renew-
able energy system is in the cost of operation and main-
tenence, which are anyway a minor fraction, One other
source of uncertainty would be the life of equipment,
which may be rather uncertain for types of technology,
for which no lifetime experience exists, This is also
true for some fuél-based systems, e.g. nuclear power
plants. Most renewable systems are based on components,
for which industrial experience is available, but there
are exceptions (such as rotor blades for megawatt-size
wind turbines).

It follows that renewable energy systems may
constitute a way of'diminishing the future uncertainty
in the cost of enefgy. Also as far as system resilience
is concerned, advantages are obvious. Once the system
is installed, energy supply will be dependable and
little influenced on alterations in the conditions
prevailing in the international markets, The same to
a large extent holds for investments in improved energy
efficiency, because once the investments are made, the
energy supply will be less vulnerable and less depen-
dent on outside conditions., Generally, a lower specific
energy use implies a wider range of supply options.

For instance, a well insulated house in temperate
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. climatic zones .can satisfy its heatlng requlrements from

rooftop solar collecting dev1ces, whereas a poorly in-

sulated house cannot.

Medium and long term‘strategies

L2, A major change in the energy snpply system of a
deveioped‘nation is not a trivial pperetien.sNeither '
’is.the introduction of such. systems in regionS'witﬁ
little prev1ous contact w1th commerc1al energy supply.
‘This is the reason that a plannlng effort should be
mede, It should ensure, ‘that the tlme scales of va-
.rious system component introductions are compatible,
that the flow of inmestment assets is acceptablé to-
society, and that the ingredients,of the long-range
plan is SOCially accentable. Thevcpnstruction of pians
for energy transitions‘give the puplic_a realistic
possibilit& to debate.the'desirabiiity of the futures
enviSaged, and gives the technicallblanners and politi-
cians'a'chance of cneqking the consistency of the |
measures to be taken,., Once agreed upon, such a plan
alse gives industries and utilities proper gnidelines
for making themselves ready for their contributions

to the transition.

Goals of renewable energy planning

43. The goals of renewable energyvplanning are of
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cburée reléfedfto the taské fo; wﬁich enérg& is used,

and to the total impacts that Fhe'energy system may
have on society. The evaluation of various impacts

| of energy systemsfwaS—discdssed in the first part of

this.dodument.'In'order fd reléte,energy,usa to thé

individual and social goals of4a given society, it

is important to. use a sufficiently disaggregated view

on the energy utilization. Some energy statistics do

only provide aggregated data, that may not allow a

discussion of the relation of energy.use to the needs

they are supposed to satisfy.

Li, Activities in individual households are in most
soéieties the basic instruments of goal satisfaction,
The building shell together with clothes prdvide ac-
ceptable biological surroundings, sanitation contri-
butes to health. Supplies of food is brought to the
household for preparation, and the living quarters

may furnish a frame for meaningful social relations
and activities, Other activities are related to insti-
tutions outside the household, e.g. for education,
public health care and security. Further there are

the production sectors, agriculture, construction and
manufacturing industries, and the resource industry to
provide materials for the production of goods., Finally,
a distribution and service sector provide transporta-
tion and maintenence services, By division of labour,

the relation between components in this structural
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framework and the individual or social.goals is often
made very complex,lso that the members-of an industriaf
lized society'mayiloose sight of the connection Indeed,
it has often been proposed that the "structure" has

a growth dynamlcs of 1ts own, and that growth in the
public and private sector 1nst1tutionalrstructure may :
not necessarily be associated with better fulfillment of
»goals_CEriksson et'al., 1974, Danish Ministry of COmmerce;

1975) .

45, It follows from the'above, that mOdifications‘in'
the structural_framework of a given\society's way of
providing goal satisfaction“for its members”could well
.lead'to.a Higher-return.in terms of goal satisfaction
on investments made, One case would be investments in
energy systems, fhis,brings us bach to-the impact asi
sessment, since ﬁhe eXpansion of structures that do not
contribute proportionally t -goal\satisfaction may he
seen as a negative side-effect of a given development
(in some cases the side effect would be increased pol—r_
lution, in other cases increased vulnerability, etc.).
Items that should be on the check-list for asse881ng
energy systems: would then include renewabllity, envi-
ronmental acceptability and compatibility w1th 5001al
development goals The last 1tem may of course be taken
to 1nc1ude everything, but 1t doeslseem useful to s1ngle

out renewabllity and ‘environmental acceptability in
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an energy context,

Methodology of renewable energy planning

- 46. The insistence on renewability is a questioa of

obtaining supply SecﬁQity through use of sustainable
sources of energy supply. To demand environmental ac-
ceptability is connected to putting energy efficiency
up front, assuming that environmental imﬁacté would
generally be proportional to the amounts of energy
converted, More specifically, efficiency includes

the socalled "end-use-matching", i.e. to use the right

H

thermodynamical quality of energy for a ginn task, In

this way excessive conversion steps and their associated
}

impacts are avoided,

47, The formulation of a renewable energy plan for

any country or region, industrialized or developing,

may follow the following steps: First the current energy
use is analysed in terms of & breakdown of the energy
delivered to various customers on the tasks for which

it is serving. This is an analysis of the tertiary (or
"delivered") energy. Based on the current energy supply
system, a list of secondary energy use (or "produced"
energy) is obtained by subtracting transmission and
storage losses, and the primary energy use is obtained
by adding conversion losses at central conversion plants
(elebtric power plants, bloc heét stations, refineries,

etc.). The primary energy inputs are the main conterns

e
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in the supply=-oriented planning, that prevailed in the
past. In renewable energy-planning the interesting quan-

tities are the pieces of tertiary energy use.

48. For each tertlary energy 1tem, reflectlons must

be made on alternatlve ways of prov1d1ng the same

serv1ce. The energy requlrement resultlng from replac1ng '
the current method by the best currently convelvable techno—
Vlogy, which is Judged to be practlcable, would gonstltuteﬂ
the ouantity called."practical netleneréy"‘(Sorensen,'l9810).
It is a more relevant standard for comparisons than the
"physical net eneréy" defined as the physical minimum -
of energy required for a glven task. The concepts here .-
1ntroduced are 1llustrated in’ Flg.A8.‘ | |

1

49. To make an energy scenario for some future tlme, the

de81red social development must be modelled and the
correspondlng requlrement for "practlcal net’ energy"
calculated. Depending on the distance in time, a judge-
ment is then made, as to how far the'efficiency improvement
or rather the_"introduction of best available technology"
can be carried, i.e. es to how close to‘the practical

net eneréy the delivered (tertiary) energy can be taken
at the time_considered. Then a supply system is choeen'
(or different.poesible supply systems are considered),
~and conversion, transmission and'storage loseeeiare'added
to derive the seoondary and primary energy requirement

from the tertiary one.
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Fig. 8. Analysis of 1974 US energy use structure, in
terms of primary(gross), secondary(produced), tertiary
(delivered) and quarternary(practical net) energy

(from Serensen, 198l1c).
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50. In order to make a set of energy scenarios into an
energy plan, it must be made plau81ble, that each sce-A
nario can be reached by a smooth tran81tion, and that
;all the scenarios form a time sequence of cornected
'pictures, eacr of which demanding only changes from
the preV1ous One, which can _be realized w1th the indu-~
strial and finanCial capac1ty available at the relevant
time, and each change consumlng the necessary time for
establishment.of new 1ndustr1al production fac111t1es,'
time'for products'tO'mature-and time for production of
the required number of units of each energy convers1on,.
vidistributing or storage dev1ce. Fig. 9 shows an example:
of a plan claimed to fulfill these criteria, pertaining -
- to Denmark and depicting a transition between the_present
total denendenceion imported‘ruels}and a renewable energy
scenario, the interim solution being based of_recentfoil

and gas finds in the Danish part of the North Sea.’

Mechanisms for mobilization of technical and financial

reguirements

51. Both-in developing,and.in industrialized countries,
a condition'for renewable energy plans to be turned

into reality is.the creation of suitable technological
and financial env1ronments. There are some of the ingre-
dients in the renewable energy plans, €.8. solar rooftop
collectors and building retrofits, which may come_by
‘public demand, by gradual emergencefof‘viable manufac-
.turing facilities and'gradually improved products, that

in turn will appeal to larger and larger:groups of con=
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Fig. 9. Summary of a renewable energy plan for Denmark.
The quantity depicted is per capita primary energy in-
put, which then is to be distributed on energy use ca-
tegories (according to quality of energy fequired)}

(from Serensen, 1981b)
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.sumers, However;~combined:wind'and hydro systems for
electricity supply,”for eXample,Vdo notAeasily“emerge’
without some kind of guided approach This may ‘consist

of government sponsored development programmes, eventu-
'ally regional or full 1nternational cooperation Further,
a mixture of 1ncent1ves and regulations may ‘be required
in order to 1mplement certain elements of an. energy

‘plan, e.g. 1nsu1ation standards or: performance of ap-‘
pliances. The. 1nterest and 1nvolvement of the: public'

~ 1is best stimulated by creat1ng~very-v151b1e demonstraa |
tion programmes.,Thls is true everywhere but ‘has a par-
ticular 1mportance in rural areas of developlng countries,
.where the measures suggested (such as -new . cooking stoves-
‘or biogas plants) will require changes 1n-hab1ts from

the people to.bénefit from them.

- 52, By 1n51st1ng on using technologies, that can be sup-
ported 1nd1genously, the problem of financ1ng will not
necessarily be very grave. .In many of the woodfuel areasA
of the worid, whereAnew stoves would be introduced, there
is ‘an overemphasis on livestock (being'a traditional
measure of wealth). This itself creates problems of
'overgrazing and e.g, poor'milk.production figunes, sug-
gesting‘a clear;benefit from_reduoing the size of herds.l
The revenue from selling~surplus livestock would in these :
cases almost certainly be. enough to pay for improvements
in cooklng devices and so on, In those reglons where such.

,

possibilities are not‘available, the energy transition
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. would need_somé kind Qf_subsidy, from governméﬁt or in-
ternational sources. Still,.the program-must take into
account the entire situationfin the region focﬁssed at,
so that locégfactivities (noﬁfﬁecessarily in the energy
field) can bé*drawn into the,éfocess; and so that lbcal
participation may be ensured , A reciprochal contribu-
tion of work and skills; as well as joint ieadership,

is a condition for a successful program, in which peorle
participate with pride, whether the cooperation is between
local populatibn and outside agents, or between regions
or nations, as it would often be;the case, if optimum
utilization of resources and high dependability of the

energy system is aimed at,
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