Totally Renewable Electricity Supply: a European/Tans-European Example

Preliminary Remark

This article basically is a compilation by Abden#t@ramane of two articles: “Realisable Scenariosaféuture
Electricity Supply based 100% on Renewable Enetdigssregor Czisch and the co-author Gregor Giebel
[CG 07], and “Low Cost but Totally Renewable Elégty Supply for a Huge Supply Area” by Gregor Gis
[Czi 06a].

Abstract

In view of the resource and climate problems, énse obvious that we must transform our energy By#t&
one using only renewable energies. But questiase &ow such a system should be structured, which
techniques should be used and, of course, howydbstlight be. These questions were the focussitidy
which investigated the cost optimum of a futureergable electricity supply for Europe and its clo&eran and
African neighbourhood. The resulting scenariosteged on a broad data basis of the electricitywzopton
and for renewable energies. A linear optimisatietetmines the best system configuration and terhpora
dispatch of all components. The outcome of theatdes can be considered as being a scientific bineakgh
since it proves that a totally renewable electisitipply is possible even with current technologg at the
same time is affordable for our national econonlieshe conservative base case scenario, wind paweld
dominate the production spread over the better wieds within the whole supply area, connected thiigh
demand centres via HVDC transmission. The transomss/stem, furthermore, powerfully integrates the
existing storage hydropower to provide for backapqually assisted by biomass power and supportetlay
thermal electricity. The main results of the difiet scenarios can be summarized as follows:

* A totally renewable electricity supply for Europad its neighbourhood is possible and affordable.

* Electricity import from non-European neighbouuotries can be a very valuable and substantial
component of a future supply.

» Smoothing effects by the use of sources at lonatin different climate zones improve the secuoftthe
supply and reduce the costs.

* A large-scale co-operation of many different doies opens up for the possibility to combine toalg of
development policy and climate politics in a mali@ral win-win strategy.

To aid implementation, an international extensibthe ideas of the German energy feed law (or sinather
schemes around the world) is proposed for thevelip treaty to the Kyoto climate accord.

1 Overview

The renewable energy potential within Europe’s besdvould actually be almost capable of satisfyingent
electrical energy demand. Wind energy is alreadgecto being economically competitive and exhibitaige
technical potential throughout the continent. Dmuéigh population densities, however, any majoraggon of
wind capacities within the European Union wouldcbefronted with far greater impediments than those
encountered in deserts, steppes, tundra, and rethiens largely devoid of human settlement.

For example, the available wind energy potentialtaod sites in Germany are theoretically adeqiaate
replacing 17% of existing electricity generatioet implementation is becoming increasingly moreessive,
since the most favourable sites are already beimgayed. The use of local photovoltaic (PV) ingtitins
appears very costly at current prices. An additiomzjor energy source of the future will be offshevind
power, its potential is frequently underestimated:ould generally be advisable to exploit the wiedources of
all EU member states. Remarkably, however, aretisthé greatest wind potential such as Great Braaid
neighbouring Norway have achieved only modest gnawthe past [IEA 03] [WpM 03]. Even if capacities
were appreciably expanded, the effects of fluctigatiutput could be accommodated by existing potetioss
in those countries for many years up to relativegh proportions of the total electricity productjas is already
being experienced in Denmark, Germany and Spaitodgas the total contribution from wind energsli
below 20%, no insurmountable problems may be gatied (s. e.g. [Gie 00]). If the power industry is
dominated by storage hydropower plants, such #teicase of Norway, even greater contributionsiofiw
energy may be easily tolerated. Yet exceeding enitesystem limitations would ultimately necessitaggor



grid reinforcement to smooth regional fluctuatioth&reby combining the characteristics of produrctigthin
different regions, supplanting the low capacitieagyally encountered in thinly populated regiomsi a
consequently allowing a much greater contributibreaewable energies to be achieved. Until neighbgu
countries become interested in exchanging sigmifieanounts of wind electricity to achieve the mutenefits
of smoother temporal characteristics, and untilthge potentials in distant foreign countries apped,
however, the contribution of wind power in coungriich as Germany, which is already approaching its
installation limits, cannot be expected to growngfigantly.

The most interesting additional resources are toeréhe huge potentials of wind and solar enemgyohd the
borders of the EU. Both can complement varying aealscapacities elsewhere. In the case of wind pdiee
instance, the coastal regions of Morocco and Mawidtare particularly advantageous due to theimsenpeaks
in production, which are the reverse of seasonadiitions in Europe. Solar electricity from conceutitig
parabolic arrays could likewise complement the oug wind farms in Germany, both inland and offisho
Since electricity demand is growing more rapidlyorocco than in EU countries, wide-area utility\sees
could be initiated using environmentally benigrhtealogies for local generation [DOE 02]. The imnageiEU
neighbour Spain is likewise experiencing above-agergrowth of electricity consumption and wouldstve
the predestined partner for initiating transnatidreede in renewable energies. Even after the cosidosses of
currently available transmission equipment had beguted, wind and solar electricity could be coreatin a
cost-effective manner over distances of more tf200%m to central Europe. The price of wind poweutld be
significantly lower than if produced e.g. in Germgat typical generation sites, while the price oficentrated
solar electricity generation could still be compred with domestic inland wind power if the entiange of
German wind sites on land were being employeddtiten, a supply system extending beyond the Euldio
permit a full renewable energy supply to be redlifer the EU and its cooperating partners. By ekibgronto
such a large-scale renewable energy strategy, darewof economic cooperation with developing nasio
could be achieved to the advantage of all partiealéo [Czi 99] and [BBB+ 03]).

2 Electricity Transmission

Transmission technologies will play a key role iny @ystem employing widespread renewable resotioces
common supply. Current transmission capacities @etvEU countries and to adjacent regions are gntire
inadequate for transferring the quantities of eleity required for a complete renewable electyictipply. For
example, the northern German grid would alreadgJezloaded in the near future, if current plansafonassive
realization of offshore wind farms would be realiseithout grid enforcements [IGW 01] [NDN 01] [BDH33].
Capacity expansion should thus take into accownptbspect of transmission over thousands of kiterse
using the particularly appropriate high-voltage {/DC) grid technology (s. also [ABB 01]).

The following treatment of transmission costs argsés assumes a HVDC capacity of about 5 GW fimrgées
line. For the purpose of analysis, the city of Kdsear the geographical centre of Germany has delented as
the terminal point of the HVDC line. Costs of 6@/ for each of the converter stations at both esfdhe line
as well as 70 €/(kw 1000 km) for (double bipol) HEZDverhead transmission lines and 700 €/(kW 1000 km
for sea cable have been assumed (s. also [HauT™#)relative transmission losses at full load4&1000 km
in the lines and 0.6% at each converter. The lossegreatly dependent on electrical loading ane teen
treated accordingly. The life expectancy has besservatively estimated at 25 years for cost catmn
purposes (more than 100 years lifetime is realfstioverhead lines [Wan 03]). A real interest rat®&% has
been assumed, and the annual operating costs bawesbt at 1% of the initial investment costs. With
transmission line lengths assumed to require extdistances due to the inevitable geographicdtimins of
direct routes, a rated transmission capacity euile rated power of the wind and solar generasors
employed. (The rated power of the transmissiorslise&bout 50% below the thermal transmission Jimitich

is worth to be mentioned since it involves an iem¢itechnical immunity against faults.) The sanecHr cost
figures for the converters and the transmissioeslias well as the interest rate and the compugdtidetime are
used for the individual scenario calculations whacé subject later in this article.

3 Potentials of Wind and Solar Energy

The potentials of wind power and solar electrigitpduction from PV and concentrating solar powatiahs are
discussed in the following. Except where otheniiigcated, the calculations are based on metedzbdata
of the European Centre for Medium-Range Weatheedamts (ECMWF) and, in the case of solar energy, al
on data of the National Center for Environmenta&distion (NCEP) and the National Center for Atmcah
Research (NCAR) [ERA-15] [NCEP 99].



3.1 Potentials of Wind Energy

The potentials of national wind energy are dependetonly on prevailing wind conditions but also factors
such as population density or nature preserve®tmat restrictions. According to [Qua 00], for mste, the
realizable wind power capacity on land sites inrfimy can correspondingly be estimated at 53.5 @GWbtal
annual electricity production from wind energy bbat 85 TWh is assumed to be achievable as a raust
figure represents about 17% of total consumptigpi@x. 490 TWh) and is equivalent to 1600 full-ldealrs
(FLH) average production from wind power per y&dre additional offshore wind potential is takerbsabout
79 TWh at nearly 3400 FLH [Qua 00]. In another gtutle German offshore wind potential is given with
approx. 240 TWh [GMN 95], even though a maximuntatise of 30 km has been assumed between the
offshore wind turbines and the coastline. Thistiation has been rendered superfluous by more reteming
(s. e.g. [BSH 04]), so that a far greater potemtialy be assumed. If only locations are considefsetravthe
water is not deeper than 40 meters, with offshareines erected entirely at locations not previpaslclared
nature preserves, military zones, or otherwise aitave, a “conflict-free” potential of about 67 TWWesults
according to [IGW 01]. These assumptions may beidened particularly conservative. Permit applimasi
have already been made for water depths of 45 mf@&H 04], opening the way to a high multiple obhflict-
free” sites compared with the above consideratibiature preserves and areas used by the militarg &lzo
come under consideration [BSH 04]. Consequentlyydarly production of several hundred TWh is gasil
imaginable. In addition, the German portion of ptigd wind sites in the North Sea makes up onlyualome-
eighth of the total area with a depth of less th@meters (s. also [Czi 00]). Considering the dd@esouthern
North Sea with Denmark’s northern tip as the northreost point, an area of roughly 200’000 squarerkéters
with sea floor depths less than 45 meters can loedf§Czi 00]. Here theoretically, neglecting aktréctions, an
area sufficient for 1600 GW of rated offshore wpaver would be available for generating up to 60Wh of
electricity. This is roughly three times EU consuiop, thus demonstrating that even after takingomaj
restrictions into account a huge North Sea potemtight still be realisable. Furthermore, shallowas in other
European seas with abundant wind resources wouwler ecnore than two times the area of the southemhNo
Sea [Czi 00]. Greenpeace has recently publishedrasio in which a capacity of 237 GW offshore wpaver
would be installed in EU coastal regions by 202@rtaduce more than 720 TWh, while covering onl?3 df
the area available after all constraints had bakentinto account [Gre 04]. Notwithstanding diffeyiestimates
of potential, a significant contribution to electty production is harnessable. The full use o$loffre wind
energy necessitates a wide spectrum of coopenaidasures among European countries for arrivinigeatrtost
favourable scheme of implementation.

According to conservative estimates of the Dan@hgany BTM Consult, the technical wind power patdruf
land sites within the EU and Norway is 630 TWh,responding to 315 GW of installable wind capacity
[EWEA 99]. The very simplified assumption has begade in this case that all turbines would be déligg
2000 FLH a year, meaning they would operate afff@ctéere average capacity of roughly 23% at eath $n
relation to the total electricity consumption withthe EU of about 2350 TWh (with Norway, 2450 TWh)s
technical potential could thus be harnessed td aliibut one-fourth of electrical energy demand [p@2].
Another particularly detailed analysis of the wiowhditions at a relatively narrow strip of landragathe
Norwegian coastline determined a technical poteafia165 TWh at an average turbine load of 29061 Fhot
considering any possible restrictions, with the nfiagourable sites producing 156 TWh from turbines
delivering an average of 4100 FLH [Win 03]. Accarglito conservative estimates drawn from meteorosigi
data of the ECMWF ([ERA-15]) used for calculatigmeviding the data base of the scenarios, a sefedfi
wind sites within the European Union could genegdieut 400 TWh of wind energy with an average nebi
performance of 2670 FLH using about 150 GW of totalalled capacity, taking into account restriciaue to
densely populated areas. Under the particularlgdeable meteorological conditions prevailing inared and
Great Britain, far more electricity from wind powesuld be produced than estimated here. Due to the
conservative assumptions adopted, however, thairibation has been limited to 25% of the total aeity
installed in the EU and Norway. The respectiveteilgty generation under these conditions wouldad@2% of
the electricity consumed in Ireland and Great Britén other countries, by contrast, the corresjrogpéigure
lies below 10% of domestic consumption. As previpasentioned, an annual average turbine operation o
roughly 2700 FLH can thereby be achieved, wheraasvan distribution of wind generators within thg E
would only allow approx. 2000 FLH to be realizedd®0]. If in fact the total achievable potentiaf fSreat
Britain and Ireland could be exploited, the geremtalectricity would slightly exceed their curreletmand. To
insure that these possibilities may be realizeg tthnsmission grid to neighbouring countries sthdnal
expanded in response to the growing use of windggme anticipate and stimulate the multilateraégration of
wind power capacities.



The land-based wind power potentials in the EUlieriged to the estimated levels identified abovee dess to
technical and meteorological restrictions tharh®population densities of particular regionst Wére possible
to use land areas freely, electrical energy requérgs could be fulfilled many times over with wipower alone
(s. figure 1). Restrictions due to the high popalatensity are of secondary importance in mantadisvindy
regions surrounding Europe. The population derssdfenorthern Russia and western Siberia, northemest
Africa, and Kazakhstan lie between 0 — 2 inhabit4mt’ and are thus at least two orders of magnitudenbelo
those of Germany with its 230 inhabitantsfk@s e.g. [Enc 97]). In addition, these areas teppes, deserts,
semi-arid regions, or tundra of practically no irdre economic value, so that wind electricity gatien may be
instituted as a beneficial means of “farming in desert”.
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Figure 1 Potential of average annual electricity productioom wind energy of the years 1979 — 1992;
meteorological data: ECMW. The theoretical genematpotential of wind energy, shown in the red qaadte
when land areas are used with over 1500 FLH, isvbeth 120,000 and 240,000 TWh (turbine placemert 4 —
MW/knf).

The potential electricity production from wind pawe shown in figure 1. Even considering only lesités at
which more than 1500 FLH can be achieved (withenrectangle roughly 40% of the land area), andowith
further restrictions, the area shown within theaggle comprising Europe and its neighbours coeliver
120’000 — 240’000 TWh of electricity from wind pomat a installation density of 4 — 8 MW/RnT his result
constitutes a maximum of about one hundred timestirent electricity demand of the EU or fifty émthe
electricity consumption of all countries within thelected area. If only the best wind sites withhfghest
production at an installation density of 8 MW/kmere employed, just 4.3%o of the land area wouldeogiired
to provide the equivalent of the annual electricijmsumption of the entire area within the rectarsflown on
the map. About 2.5%. of the area would be adequmtedvering the equivalent of the electricity demisiof the
EU. Furthermore, the area covered by the turbindssacompanying infrastructure themselves is tyfyicaly
about 2% of any land dedicated to wind farming.gTilgure of 2% applies generally to wind farms dstirsg of
individual turbines of 600 kW rated capacity. Thmeaais reduced if larger single units are emplgy&bderefore,
the land area required for generating the equivaletotal EU electricity consumption is actualgsk than
0.05%o of the entire marked geographical area. Bygarison, the roughly 6% of total land area in Gamgn
currently sealed by streets, buildings, and othigastructure covers a thousand times bigger fvaaif space.
The three regions previously mentioned — northarssi with northwestern Siberia, northwestern Afriand
Kazakhstan — each offer greater wind energy pateatbne than required for meeting EU consumption
requirements in their entirety. In the followingatment, therefore, only the areas within thesensgwith the
highest yields have been considered. In tableelsite of the areas selected for the analysisnstallable
turbine capacity for a conservative assumptionmbeerate installation density of 2.4 MW/krthe expectable
average production of the turbines assuming widgeadurbine placement over the selected areaend t
expectable yearly output are given.

Country Annual Production Total area | Potential rated Potential
selected Power production




[FLH/a] [km?] [GW] [TWh/a]
Min (0] Max
norhern Russiaand| 3000 | 3100 | 3400 |  140.000 350 1100
North-western Africa
Southern Morrocco| 3200 3400 3700 50.000 120 400
Mauritinia 2650 | 3000 3250 44.000 105 320
coast inland
Kazakhstan 2500 2600 2800 90.000 210 550

Table 1 Expectable turbine output for wide-area wind gyetdeployment in distant regions of high wind yjeld
total area of the selected regions, assumed iraildlturbine capacity at 2.4 MW/kpand expectable yearly
output. The output varies within partial areas viitkhe regions, as reflected in the specificatibtin, & and
Max (expanse of each partial area roughly 1.125R# and EW direction).

Because of the data used, the estimates tenddonservative. In the case of southern Moroccoinfstance,
measurements have shown that load factors of fag than 4500 FLH may be assumed directly on thetaia
favourable locations [ER 99]. In Kazakhstan, measwants and other investigations likewise indichse yields
significantly over 4000 FLH may be expected [BMW 8Yik 99]. The higher the topographical complexdiy
the terrain, the more significant the underestiomtf wind conditions tends to be. Wind potentialflCGM

03] calculated from Risg for the region at the GifiliSuez in Egypt represent the most extreme ustieration
of wind conditions in any complex terrain known sHar to the author. A comparison of this map dred t
corresponding data with the data depicted in figuinedicates a maximal average production of rop@Ri00
FLH at low spatial resolution (like the data dedeom ECMWF data, which build the basis of thersa@s),
while the high-resolution Risg data correspond@@06FLH (for better comparison, see also [GZ%]). Even if
this example is particularly extreme, such undaregton is rather typical for complex terrains, rimakclear
that the scenarios represent a very conservatpegimation of actual possibilities and thus pravid
compelling reasons for further argumentation, sinae the example shows - there must be substgriigtter
wind potentials worldwide at many places than cammiferred from the data bases used for the samnarhis
expectation can be convincingly proven by compatiregconditions for electricity production from wiienergy
shown in Figure 1 with high resolution data fortpanf the Chinese mountainous areas [EGH+02] oryno#imer
regions, for example, in the Americas or South Bas (s. e.g. [AWS 01]).1t appears certain thghhyield
locations would be exploited first if they were kg whereby high potentials could be expectedgtt kjuality
sites.

3.2 Photovoltaic Potential.

The potential for photovoltaic electricity geneaatihas been estimated for Germany to lie at ab@iGEW (150
TWh), some 120 GW (95 TWh) of which would be onftops [Qua 00]. This figure corresponds to an agera
yearly load of 770 FLH or 780 FLH on roofs. Thectddtions drawn from meteorological data of the BEM
and NCEP have shown that good modules employedaitops with optimum angular position and unaffecte
by shadows could produce about 950 FLH.
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Figure 2 Potentials for average electricity production frguhotovoltaic generation derived for the years 1983
1992 Module = 14%, System = 11.5%, Orientation B&/sist with Slope = Latitude; met. data: ECMWF and
NCEP.

The difference to the values given in [Qua 00]us grimarily to the inclusion of shadow and disoté&ion
factors. figure 2 shows the potential yearly eleittr production from PV. Table 2 contains the putals and
FLH for a number of countries.

Rooftop PV Potentials Load

Country or Area P EG Ly Lopt

[GW] [TWh] [FLH] [FLH]
Germany 120 95 780 950
Portugal 10 14 1100 1350
Finland 5 4 660 800
Algeria &Morocco 81 96 1200 1450
Mauritania & Senegal 32 42 1300 1700
Total EU 15 550 470 850 1050

Table 2Potential power (P) and electricity generation (E@®m PV (Module efficiency = 14%) on roofs as
well as simplified assumptions on the expectabégage equipment load factorgl under consideration of the
losses due to shadows and roof disorientation,nafen optimum conditions g}). It has been assumed that the
same roof area per inhabitant is available in adunitries as in Germany an that it is distributedfie countries
according to the population.

3.3 Potentials of Solar Thermal Generation

A second variety of solar electricity generatiorkesuse of linear concentrating of solar radiatioparabolic
mirror arrays (s.e.g. [Gre 03]) (Similar configuaas, not yet constructed in operational size fower plants,
have been realized with linear Fresnel reflectomyar [Sol 03].). With this technology, the desedions of
northern Africa could satisfy 500 times the elegityi demand of all EU countries. Since domesticstmnption
is comparatively low, however, this high solar gygpotential could only be realized to a significartent if
solar power were exported outside the northerncAfriregion. The output of these solar thermal pglaarts
with parabolic arrays depends crucially on theBige. Therefore, the performance characteristiosbeastated
only with reference to the design parameters. Beeaf thermal storage units is of major importaindis
respect. The quality of the site can be determinethe heat production of the mirror array, indejent of the
specific parameters of the power plants, as shoviigure 3.
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Figure 3 Potentials of average annual heat production frganabolic linear concentrating mirror fields for
solar power plants for the years 1983-1992; metadBCMWF and NCEP.

The heat may be employed in a conventional thepmatkr plant to generate electricity at an efficien€about
35%. If heat storage is included in the overaligiesa larger linear mirror array is employed taxde the
storage medium during the day. In this way, eleityrimay be produced throughout the night whilegapting
the fossil fuels otherwise necessary for continumperation of the plant. The storage facility tliere provides
greater flexibility and reduces the cost of thiaselectricity produced, since the conventionat pathe power
plant utilizes more solar heat, which during thghtiis delivered from storage. Therefore, the djmecosts of
the conventional part are lower, while not entiretynpensating for the investment in storage capaciin
order to estimate the achievable electricity getimmat certain locations, as an example it is eslithat the
storage has been generously dimensioned for 14 Btlthat the solar heat produced in the mirrodfieill
never be partially wasted due to the limited cdyaufi the conventional steam power plant sectiarthSa
parabolic trough power plant could attain nearl®&LH in southern Morocco (western Sahara). Fagbath
in Mauritania, more than 5800 FLH would be possitkile 3000 FLH could be expected at a good lacatin
the Iberian Peninsula.

4 Smoothing Effects

If the renewable electricity is delivered with larfjuctuations, the availability of quickly respang power
plants becomes increasingly important to avoidiéogicks of the supply. Storage hydropower statioas
among the most interesting technologies for thippse and already exist with high capacities. Toiss not
hold true for every individual country, however.eTeurrently installed capacity in Germany is on GW
with a storage volume of 0.3 TWh, which in itsedhaot provide any major contribution to long teegulation.
The combination of such facilities, however, wopldy a significant role in a highly interconnectearopean
electricity network. The Scandinavian NORDEL powgstem currently has an installed capacity of adéut
GW and a storage volume of approx. 120 TWh (s. @eo 97a] and [Nor 97b]). In the UCTE grid, to whi
Germany likewise belongs, the corresponding vaduet9 GW and 57 TWh [UCTE 98] [UCTE 00]. The total
storage capacity of the NORDEL and UCTE grid systéthus equivalent to more than a month of awerag
consumption in the EU and Norway combined. Dedigathese plants to the prevention of power shostage
from other production would alter their routine ogdéon, but could enable a very efficient systerbéaealized.
It would probably also be worthwhile to increase ihstalled generating capacities of the storagiedpower
plants, thereby increasing the ratio of rated pawestorage volume to permit the compensation ditexhal
fluctuating generation from other renewable sour@edy if the momentary output of resource-consigdi
power stations exceeds demand, and storage cagaanit likewise filled also for all pumped stor&alities, a
portion of the potential renewable electricity gextion will be lost unused.

The better the renewable energy generation cormespeith the temporal electricity demand, the $endhe
power requirements and the necessary storage tiepatfithe storage power plants engaged for backup
purposes (s. [CDHK 99]). Generation variations rbaysmoothed by increasing the geographic distobudi
the plants delivering fluctuating electricity ((CH]). In general, the expanse of the area reqiimesmoothing
increases with the length of time required to conspée for changes in production. Seasonal varigtiequire
bridging distances of several thousand kilomefEng. temporal smoothing effect differs accordinghie type of
renewable energy and the technology employed dsawelccording to a more or less appropriate coatioin
of the various production sites.

4.1 Smoothing Effects for Wide-Area Employment of lhd Energy

The most favourable areas for electricity producfrmmwind power in EU countries are dominated by winter
winds. For this reason, as is illustrated in figdyéhe major contribution of wind generation occduring this
period.



1.4

1.2

Mean Production Ratio JUL / JAN

-150 -100 -50 0 50 100 150

Figure 4 Seasonal comparison of average electricity gemangdtom wind, quotient of average monthly values
of July and January production 1979-1992; met. d&@MWF-.

The achievable production - Graph E) - figure Sesfrom month to month significantly more than the
electricity demand - Graph G). The trade wind regiof northern Africa (southern Morocco and Maumia
Graph c) and d)) exhibit similarly strong seasamalations, but their peak production is during shenmer
months.
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Figure 5 Relative monthly average: electricity productioon wind turbines (WT) in selected good wind areas
and electricity consumption of EU and Norway).to d.) represent Extraeuropean productian represents
European production anB.) is the combined production of wind power at alimms whereas.) represents

the average consumption in the EU & Norway weightét the today’s rated power of all power plants
installed.

By selecting a combination of certain areas fodpition, the typical monthly electricity generatiomay largely
be matched to the demand. This fact is illustréte@raphF), in which one-third of the rated capacities are
assumed to lie within the EU, with the rest equdllyded among the other regions. In this manrer area of
generation and thus the total potential is greatlyanded, simultaneously accompanied by very baakfi
smoothing effects. The variations in the electyigitoduction from wind power diminish by transcerglfrom
the simultaneous feed-in from domestic Europeaations to generation that includes production fautside
of Europe. In the case of a high percentage otrétéy being produced from wind power, the instasof
excessive generation will be significantly reduesdvell as the periods of relatively low feed-ionfrwind
power.



4.2 Smoothing Effects for Wide-Area Employment of ¥ Generation
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4.3 Temporal Behaviour of the Electricity Producedby Parabolic Trough Power Plants

Due to the parallel configuration of the mirrorralents, the trough array may partially block thesrafythe sun
when it is low on the horizon. For this reason, badause of the low angle of incidence during threex, the
output varies throughout the months of the yeaddition to random changes of incident radiatiomsea by
local weather phenomena. This effect is diministmeiually while approaching equatorial latitudes, ibis

still distinctly noticeable even at locations iruitern Mauritania, where the achievable produdtiodecember
reaches more than 80% of July production, as itelicen figure 7. Solar thermal generation alontnéefore
not adequate to track the seasonal variations ing&an electricity consumption. In combination wihropean
wind power, however, this requirement may be gedésily met.

Figure 7 Seasonal comparison of average heat productiomibgor arrays in concentrating parabolic power
plants, quotient of average monthly values of Déxm¥rand July production 1983-1992; met. data: ECMWF
and NCEP.

5 Costs of Electricity Production and Transmission

In the following considerations, the regions prewsiy identified both within the EU and in the expive
surrounding areas have been examined with regdtetimcal costs of production. For certain distanations,
the expected transmission costs to the city of &asghich has been selected arbitrarily, have bésn



included. The costs are comprised of the capiiastments in all components calculated at a reéatest rate of
5%, the outlays for maintenance and repairs, akaseddditional expenditures such as insuranceoparhting
expenses.

5.1 Costs of Wind Energy

Wind turbines have been calculated using a spewifit of 1000 € per Kilowatt. The expected costoftshore
wind farms are currently assumed to be about 188 €whereby locations in the North Sea promisearly
equivalent output of 3500 FLH (s. [Pla 00], [SEAR &nd [CHK 98]). An assumed turbine service lif0
years is used to calculate the annuity, and thdyyeperating costs are set at 2% of the totaltehpivestment.

If the full potential of electricity generation frowind power in Germany were to be realized, anvedgent
average generation of 1600 FLH with electricitytsas 6.3 €ct/kWh could be achieved according & th
computational method mentioned above. The costsléatricity generated by offshore wind turbinesyrha
estimated at 5 €ct/kWh. Equal distribution of wipalver throughout all EU countries (according toyredd
anticipated in [Gie 00]) would likely result in @verage cost of about 5 €ct/kWh, as well. With the
concentration on particularly good sites propodsala, about 3.7 €ct/kWh could be achieved. Talge/8s the
calculated local electricity costs for northern Raswith western Siberia, southern Morocco, Mauigaand
Kazakhstan as well as the transmission distanosss,cand losses. It should be noted that locaborements in
southern Morocco [ER 99] clearly indicate the etiste of sites capable of achieving 2.2 €ct/kWhllgcarhile
the Egyptian sites previously mentioned promisesgaimg costs of only 1.7 €ct/kWh owing to expetgab
yields above 6000 FLH. The transmission line losgedld be greater because the high level of outiges the
ohmic drop, but nevertheless costs of deliveredtetity below 3.5 €ct/kWh may be expected for Meroccan
high-yield sites and even less for Egyptian windvporeaching central Europe. If the electrical ggdrom
Morocco were to be transmitted initially only as & Spain, the cost would probably lie below 3l&h. As
soon as the high-yield predictions have been egtifivind energy imports from Kazakhstan could lilsabe
considered possible at costs of less than 4 €ct/RfEhbecause of systematic underestimations meatio
above, these particularly good sites are not repitesl in ECMWF data, which form the meteorologiuadis of
the scenarios. They are consequently omitted iis¢kaarios and will be accorded no further disoussi this

paper.

Wind power Solar thermal electricity PV
a) b) With St.| ¢) No St.| d) With St. % FK e)
Ec|Eck | L | bk |Ec| EcK |EC|ECK |EC|ECK| EK |EC|ECK| L |EK
[EctkWh] |[%] |[km] [ECt/kWh] [km] [EctkWh] [d6] [km ]
Algeria & 42| 49| 8.6/3100
Morocco
Iberian
oo 13.9 14.2 9.3 3000

Kazakhstan [3.9| 5.6|10 4300
Mauritania [3.3| 5.0/10.5| 4900 7.2| 9.4 9.1| 11.2| 4.8/ 6.5 5300| 37| 46| 14/5600

N-Russia &
NW-Siberia

S-Morocco |2.9| 4.4|10.5| 4400 7.5| 9.4| 93| 11.1| 5.0/ 6.5| 4400

Table 3Anticipated local average costs of electricity JE@d costs at the arbitrary delivery point Kassel
(ECK) for electricity generation from: a) land-babkwind turbines, b) solar thermal electricity pradion with
heat storage for 14 FLH (With St.), c) as b), bithaut storage (No St.), d) as b), but at half tkerent costs
for the solar mirror field (With St. ¥2 FC), andRY. The transmission losses (L) include considenatf grid
load variations with time due to changing infeedl éine transmission distance to Kassel (DK) togethién
converter losses for the conversion from AC to HVDC

3.2| 4.610.5 | 4200

5.2 Costs of Solar Electricity from Photovoltaic Geeration

The calculated cost of photovoltaic electricitypased on an assumed total capital investment @ 85&r peak
kW generating capacity. This figure represents é&stimate currently achievable equipment costsdof r
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mounted PV (compare [Cre 00] [SFV 02]). The opegatiosts are set at 1.5% per year of the initiastment,
and a service life of 20 years is assumed. Thdtiegw@average costs of electricity are 68 €ct/kWiGermany
and 61 €ct/kWh in EU countries overall. Optimumgelaent of the modules in locations unaffected ladekvs
allows generation costs to be reduced by about I8#se lower cost assumptions apply also to thessiss,
since here the higher yield data form the basta@ifulations. Electricity transmission from exennpla
production regions with high solar irradiation (Moco and Algeria) has been included into this aersition
(s. table 3). The transmission costs of 6.5 €ct/ld¢hdue mainly to losses responsible for 4 €ct/kwlile the
remainder arises from the capital investment ferttigh-voltage DC grid. Photovoltaic electricityngeation is
significantly more expensive than wind power byathane order of magnitude. Even imported photoiolta
electricity with its significantly greater cost iefiency does little to change this relationship.

5.3 Costs of Solar Electricity from Concentrating Rrabolic Trough Plants

Cost calculations for this case are more diffitiétn for the previously treated technologies, nyai@cause of
the high variety of possible plant configuratiombe use of a heat storage medium enhances thetoutpu
characteristics, reducing the losses resulting fuoosed excess heat and thus increasing the efficiaf the
power plant [EC 94]. Appropriate scaling corresgogty lowers the price of electricity. It is assutnhat a
worldwide generation capacity of more than 7 GW Maaduce the costs of the collector array, thenpriy
component, by about half [KMNT 98]. In table 3, regentative calculations are provided that depiet t
electricity costs both locally and after their sarission to Germany at current and reduced cogteahirrored
troughs when storage is employed or not employeaimfile storage capacity insures that no heat eritlain
unused. This condition definitely does not leath®most economical design, so that the cost datalb@
considered conservative. On the other hand fegafififis in Spain are much higher than the costidated for
the Iberian Peninsula (see also [Czi 08]). Theeetbe cost assumptions may be reviewed using icpses for
the plants which are currently erected in Spain. adlditional assumption used for calculations eoimgn
conservatism is that 70% of the electricity hasbgenerated from stored heat, resulting in relgtilagge
average storage losses. The capital investmenerpflarge solar power stations are 185 € per maiofor
array. (Concepts with more effective collectorsaready envisioned that would reduce the cosedauftricity
by about 30 — 40%, and might now already have lredre prototype stage [SM 01].) In a power plaithaut
thermal storage, a mirror surface of approxima@ely per kW of electrical power (kWel) is required, was
the addition of a heat storage with 14 FLH storegeacity raises this value to approximately &k, The
cost of the storage itself lies at around 60 €/kW(his value is also used for the scenario, alghoecent
research has indicated that it would thereby beestienated by a factor of 3, since more expedient
configurations would allow two thirds of the origirstorage volume to be avoided [LS 02].) The edpit
investment for the conventional part of the therp@her plant is assumed to be 525 €kW

Since northern and central European regions asesl@ted for electricity generation using conceiricp
parabolic trough arrays, comparisons have been ingiteeen a region on the Iberian Peninsula in gonth
Portugal and areas both in southern Morocco amiiuritania. The transmission line load has beeorass
equivalent to full capacity operation of the sgyawer plant during a operating time necessary edyxe half of
the annual solar thermal electricity productionthvithe remaining 50% of the electrical energy ddddn a
power ratio of 2:1 over the rest of the operatingetin order to approximate average transmissies.|®he
results are compiled in table 3. The cost of eletyrfrom parabolic trough power stations for @nt
component prices at good locations are comparaliteetcosts of electricity from wind power produeed
locations capable of delivering about 1400 FLHhH# anticipated cost regression of 50% for therdaéd can
be realized, controllable solar power from concaing solar power stations in northern Africa enypig heat
storage needs not to be more expensive even eftesnission to Germany respectively somewhereeircémtre
of Europe.

6 Scenarios: Cost-Optimised Electricity Supply Entiely with Renewable Energies
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At the Institut fir Solare Energieversorgungstek{i8ET) in Kassel scenarios for a future eledtyisupply

entirely with renewable energies have been devel@ioe detailed information see [C@b]). Various concepts

have been studied for providing renewable enetgi€rope and neighbouring regions. An extensigiore

(s. figure 8) with approx. 1.1 billion inhabitargtsd an electricity consumption of roughly 4000 T®#hés been
analysed to determine the
available potentials for a future
energy system. This process has
taken into account ECMWF
data as the meteorological basis
and the population density as a
restrictive factor for the wind
energy potentials or estimated
roof areas in all countries
within the shown regions for
determining the roof top
photovoltaic potentials,
combined with data on solar
irradiation (ECMWF and
NCEP/NCAR), wind speeds,
and also temperatures used e.g.
for photovoltaic electricity
production and for solar thermal
electricity production. Also
other renewable resources such
as biomass and hydropower
have been investigated or

Figure 8 Possible electricity supply area divided into Egions with included at the level of current
schematic representation of potential electricignsmission paths using knowledge. Mathematical
HVDC to the geographic population centres of thgioas optimisation routines have been

applied to the question of which
renewable resources with their individual tempbethaviour at different sites and with differentlggeshould
be used, and how selection should be made to acbjgtimum cost performance. (A linear optimisatiath
roughly 2.45 million restrictions and about 2.2lioil free variables was employed to find the beshbination
in each scenario.). The optimisation takes intmantthe temporal behaviour of the combined congiom pf
all countries within every individual region shownfigure 8 as well as all requirements imposedédspurce-
constrained production. Both sets of data, eléttrademand and temporal behaviour of the possitdelyction,
have been compiled for optimisation (using timeesewith three-hour intervals) for all of the 1gji@ns to be
supplied with electricity. The optimisation processures that supply will meet demand at any tiahele
determining if and to which extent any potentialree is to be used, and how every part of the supgtem
will operate, including the dimensioning and opierabf a HVDC grid that is superimposed on the entigrid
infrastructure. The criterion of optimisation igtminimization of overall annual costs of electsiagvhen fed
into the regional high-voltage grids, enabling thessts to be compared directly with those fronulagoower
stations feeding into the conventional AC-high-agk grid. However, the economic optimisation ofalver
plant operations for a time frame greater thargqural to, three hours has simultaneously beendedusing
sets of time series extending over one year.

6.1 Base Case Scenario

The promising results for the base-case scenasibieh assumes an electricity supply system implgeten
entirely with current technology using only renevea#nergies at today’s costs for all components [Ezi01]
and [Czi05] for detailed information on underlying assurops) — indicate that electricity could be produced
and transported to the local grids at costs bel@€dt/kwWh, which hardly differs from the case oheentional
generation today. (At gas prices in 2007 of abo8® Zct/kWh (8.04 €/GJ) for industrial consumershia EU-
27 or 4 €£ct/kWh in Germany [EC 08], electricity toffom newly erected combined-cycle gas poweicstat
calculationally had already reached significanighier at 6 - 7 €ct/kWhel with EU gas prices or 8 €ct/kWhel
with German gas prices for industrial consumersoAhe prices for cheap base load electricitya.the EEX
are higher than the costs of electricity in thesebaase scenario and already reached more that' kB while
the monthly average price for the cheap Cal-08di72always was roughly between 5.2 and 5.6 €ct/kB#HEX
06] [EEX 07].) In this scenario, nearly 70% of #lectricity originates from wind energy produceonfr wind
turbines with a rated power of 1040 GW. Biomassaxidting hydroelectric power plants provide mdsthe
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backup requirements within the supply area, in Whie individual regions are strongly interconndot&
HVDC transmission lines. Electricity is generateahfi biomass at 6.6 €ct/k\\Mfafter proceeds from heat sales
have been factored in. This result lies signifibaabove the average price level, yet the backyyalsgity is
essential to reduce the overall cost for the esyistem. About 42% of the electricity producechigiregionally
transmitted via the HVDC-System whereby the tath$mission losses sum up to 4.2% of the elegtricit
produced. Another 3.6% loss is production whichhegican be consumed at the time it is producedeaor
stored for later use within the pumped storagetpland therefore is produced in excess. Thesedsse$ may
be considered quite acceptable for an electricippl/ only using renewable energies.

6.2 Scenario with Transport Restrictions

By contrast, if interregional transmission is niddwed in a restrictive decentralised scenariogssgroduction
increases significantly to 10% of the productiamd additional backup power as well as backup energy
employing other resources becomes necessary viitiividual isolated regions to meet the demandjitggato
great additional expenses. In one scenario, fulsl pewered with renewable hydrogen produce eleityrat
about 20 €ct/kWh (This is already a quite optimistic assumptiothé hydrogen is assumed to be produced
from renewable energies. Furthermore parts of fldedgen technology can not be assumed to be fully
developed and thus the scenario and its inherettassumptions must not be regarded as being c@tiser ),
raising the net electricity costs to over 8 €ct/kydin the average. For Region 6 (Germany and Dennpthik)
restrictive “decentralized” (insular) strategy wablgtad to costs of electricity greater than 10lEuti.

6.3 Scenarios with Reduced Costs for Individual Coponents

The effect of cost changes for individual techn@sgnd components was also investigated in péaticu
scenarios. One aim was to find the costs at whi¢leduld cost-effectively contribute to the supphherefore a
series of scenarios has been calculated wherevlmo$ts successively have been divided by two. Pesalt
PV has not been chosen by the optimisation ungtscbave been halved three times. This major edsiction
by a factor of 8 for PV would enable this technglég provide a significant contribution to the efégty
supply. If all other costs remained the same, ¢gleiction to one-eighth of current PV costs wouldlda an
economically viable 4% contribution to overall ghégity generation to be provided. The generatiauid
nevertheless be limited to the southernmost regiguesrticularly to regions 12,16, 17, and 18. # tlost were
only one-sixteenth of present levels, PV techn@sgiould account for about 22% of all electricigngration,
reducing overall generation and transmission aafsédectricity compared with the base case scergriabout
10% to 4.3€ct/kWh. Even in this case, however, ghditaic technologies would not be used in the e
regions 1, 2, 3, 6, 9, and 19, because they catldontribute to overall cost reductions.

If the costs of the mirror fields of solar thermpalwer plants were reduced by half — as is antieghat the near
future — solar thermal power plants would alreadystitute about 13% of all electricity generatibnthis case,
the overall electricity costs lie at 4% below tha$¢he base case scenario. Reducing the coste afdllector
array to 40% and simultaneously lowering storagegscto two-thirds of current levels (still cleadipove
achievable storage costs according to the receaaireh mentioned above) would increase their daritan to
28% of the electricity produced, while the eledtyigeneration costs would — compared to the base c
scenario - fall by about 10% to 4.3 €ct/kWh. Thesamples illustrate that solar thermal generati@sgnts an
economically attractive perspective for the futthvat can be realized fairly easily in view of migihtost
regression factors.

6.4 Scenario with Hydropower at Inga in the Democriac Republic of Congo

The construction of a large hydroelectric powenpkt an extremely favourable location in the Deratic
Republic of Congo near Inga was also investigadediie proposed scenario (s. also [Kan 99]) Thettoction
of a hydropower plant with a capacity of 38 GW g decision resulting from computational optimizat
This would lower the costs of electricity by 5.3%mpared to the base-case scenario due to moreragono
generation and incidental system benefits. A primmaason for the low costs of the electricity progl at Inga
is the high average load of the hydropower plargtafut 6900 FLH and the relatively low anticipated
investment costs at this very advantageous site-fhivds of the electricity produced at Inga isysmitted over
a HVDC system with 26GW capacity, connecting theegating station with Region 17, with the remainder
conducted in equal amounts over two HVDC systents &combined capacity of 12 GW, joining Inga with
Regions 16 and 18.
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6.5 Scenario with Technologies under Development

Since the implementation of the base case andasistknarios will take many years, an attempt bas Imade
to include some promising power generation techgiekalready on the horizon. A somewhat speculative
scenario includes the use of energy towers (se€[@4 and [ACGZ 06]). Should the assumptions used f
energy towers hold true, especially the economéspthen — according to the optimisation - thoseguplants
would dominate with a generation equivalent to 48%he total annual electricity consumption in Hoenario
area. The overall generation costs are with jusivbd.1 €ct/kWh about 12% less than in the base saenario.
Solar thermal generation is completely replacethleyoptimisation, but also large shares of wind goas well
as a minor share of biomass use. This scenariosstiat further development of this technology migdtworth
while. Therefore research into the technology isdeel, aiming to reduce the financial risk involveth
building such a type of power plant and focussingeerything necessary to build a prototype of kinisl of
power plant which has not yet been tested. Geperale can derive from that result that there sthdal more
research grants and more venture capital devoten tevspeculative ideas, which might have the pizteto
deliver energy at low prices and from differenteemrable sources.
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Figure 1: The principle of the energy tower. Hotsdfeams from above into a large tube, waterjectad to
cool the air, which falls down and drives some itugb at the bottom of the shaft.

6.6 The International EEG as Implementation Vector in Kyoto I

In the largest part of the paper, it has been shibatit is possible to supply all of “Greater Epes” electricity
needs solely with the use of renewable energy amygiscale transmission of that electricity. Tha@ild create
a large zone of mutual interdependence, as therBales an economic interdependence amongst theé&amo
states which can be considered as stabilisingfa®to the other hand this kind of interdependeradome
similarity with the dependencies in the currensfbfel based system. But with significantly maiiéferent
renewable sources from many different countriestaacefore with higher intrinsic stabilising divEisation
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the dependency from single partners is clearlyveld if compared to the fossil driven system. Wit gradual
depletion of fossil sources the amount of souresdinks in the fossil system. On the contrary theces for
cheap renewable production become more and moréharnefore potentially more distributed with
technological progress. Furthermore, due to thereaif renewable energy, which is much more digtetd and
creates many more local jobs, the wealth createtbig spread out in the population. If this largals
implementation of renewable energy could be manageauld therefore be for the benefit of largarts of
the countries involved and of larger parts of tip@ipulation than oil revenues typically are.

In the current Kyoto protocol, there are two maiecimanisms for international carbon avoidance: tearC
Development Mechanism CDM and Joint ImplementadfioiwWhile the CDM is between developed countries
and developing ones, JI describes the modalitigsimf carbon projects between developed countfigs.
International EEG would be both between developgrthtries themselves and developing countries, tiwerét
is hard to judge whether it should be anchorechim@f the two tools or whether it should becomeits tool in
the coming round of negotiations. The probably sigei Conference of the Parties will be held 2009 in
Copenhagen, on invitation of the Danish Ministrytted Environment. This idea is lounched to allow fo
thorough discussion of the idea, and to allow tforepreparative diplomacy before the conferencalfitdt is
explained in more details in the Background Papetife Human Development Report 2007/2008 "Mitigati
Country Study for Germany” [CS 07]

6.7 Electricity Transmission within the Scenarios

In all scenarios — with the exception of restrietand expensive insular configurations — elecyricéinsmission
is of significant importance. The necessary corvazapacity (AC DC) for the HVDC grid exceeds values of
over 750 GW in some cases. (This level corresptmdbout one-half of the installed generation cépad all
production facilities in the scenario regions.) T is used to achieve smoothing effects amoffgréint
resource-dependent generation capacities usingvedie energies, and to provide access to hydrosledants
and to distributed biomass power plants both wspaiated storage capacity for wide-area backulicatipns.
In the base case scenario, for instance, aboutaf2he electricity generated is transmitted over #tWVDC
system between the regions within the supply avismsured against the total electricity costs thet obthe
transmission system amounts to 7% of which the mpaihof 5% is contributed by the transmissiondiaed
cables. HVDC transmission has a higher intrinsgteay stability than AC lines. Furthermore the traission
system of the base case scenario is highly redtiileento the fact that the thermal limit of thensenission
lines is about twice the rated power and due tdabethat between almost all regions two or mgstems are
designed to be built parallel. But nevertheledariher redundancy was seen as desirable this cmutelatively
inexpensively achieved. A somewhat extreme idedavioe to erect two whole systems of transmissioediin
parallel. This would mean that the costs of traission lines and cables would double but at the daneethe
losses would decrease and thus the overall cagidae would only be about 3% ensuring a degremmiuinity
against faults, which is by far higher than stipedbfor today’s systems.

6.8 Transferability of the Results

It is highly probable that these results can bedfierred to other world regions (see also [Czi D&hihce every
continent has its own renewable resources witkedfit temporal production characteristics withiadius
connectable via HVDC transmission. In some contmen regions hydropower is not exploited to the
comparably high degree it is in Europe. This cowddatively influence the available storage capa&bjar
energy potentials can be detected quite well wighavailable low resolution data used for this aderstudy,
showing the good conditions in many regions worldevHowever, some huge regions are characteriged b
very rugged mountainous terrain where the deteafaood wind sites is much more difficult tharsimooth
terrain (see also [Czi 06b]). This means that maty good wind sites might remain hidden if metéageal
data with low spatial resolution are used to seéfoclthe potentials, as done for the scenario stieberibed
here. If this technical problem were overcome, @mmore positive assessment of the wind energyntiate
can be expected. In the light of such an assesstrismiear that the general result — a low-cagtrievertheless
totally renewable electricity supply is possibléhé renewables are used in a huge powerfullydoterected
supply area — holds for most areas of similar ®izde European/Trans-European example. Only ttalsle
would of cause have to be adapted to the localitiond. Furthermore there is no technical reasow, idr
example, southern Africa or eastern Asia shouldoedinked by a HVDC system to the supply area iciened
in the scenario study. So a future system migheapover some continents, gaining further advastérgen
further expansion.
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7 General Conclusions Drawn from the Scenarios

The fundamental technical prerequisites for anteéty system realized entirely with renewable egies have
already been fulfilled. The different scenarioswslaobroad range of various possibilities for a fatalectricity
supply solely employing renewable energies and inagide a sound basis for political decision. Toieowing
can be deduced:

a) An entirely renewable and thus sustainable elegstrsupply is possible even if only current
technologies are used.

b) The costs of electricity don't have to lie far abdeday’s costs even if very conservative assumgtio
are made. At today’s prices for all components cibgts of electricity don’t have to be higher tifiaom
a newly erected combined-cycle gas power plantcantt be even lower than the current prices of
electricity like the cheap base load electricipdid e.g. at the European Energy Exchange. Theahnnu
difference in cost compared with the current natidmill for electricity, which typically may accoun
for roughly 2 to 3% of the gross national produabuld if at all only impose a few per mill of theogs
national product as an additional burden on thestréhl countries within the supply area of the
scenarios, thereby constituting a highly ratiortgraative to the predictable consequences of ¢téma
change and declining fossil fuel resources. Fomseeost reductions — particularly for renewable
energy technologies — make a comprehensive renewallrgy system both conceivable and
potentially more economic than all current meangrofiiding electrical energy. However, the costs ar
dependent on the future system configuration, amdticbe reduced by ongoing technical progress, or
be negatively influenced by wrong energy policies.

c) A Trans-European renewable electricity system wairttbltaneously enable the realization of a
combined strategy for developmental assistancecmeate protection as a win-win arrangement for all
participating states. This becomes obvious sincthermne hand the investments necessary are
relatively small compared to the gross nationatpod (GNP) of the industrial countries but on the
other hand they are quite large in comparison withGNP of many countries at the periphery of the
supply area which would be the source of the rebéwelectricity for the industrial countries invely.
Therefore to follow such a concept of a joint reable electricity supply for Europe and its neightsou
would among other implications mean developingranfof development aid worthy of the name which
may rather take the character of an economic catipar based on the needs of both sides.

d) Itis very reasonable to estimate that the gemesallts of the scenarios can be transferred ta othe
world regions even if in some cases some morelddtaiformation — especially on the local wind
conditions - would be welcome to reduce uncertainfsee also [Czi 06b]).

The problem of converting our electricity systenote that is environmentally and socially benigtherefore
much less a financial or technical issue, beintegd almost entirely dependent on political atésidnd
governmental priorities. There is more than enoengtlence to justify a confident call for a compnesiee
transition to a sustainable electricity supply,riveain mind that a broad variety of solutions @spible.
Responsible political decisions are now imperatdreallocating the necessary technical, scienéfid
economic resources to achieve this goal.
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