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Introduction

Opponants of renewable energy, from thecod and nudear indudries andfrom NIMBY (NotIn
My Backyard) groups are disseminating thefallacy tha renewable energy cannotprovide base-
load power to subditute for cod-fired electricity. Even Government Ministers and some ABC
joumdists are propagaing this conventiond @visdomQ athoughit is false. The political
implicationsare tha, if thefallacy becomes widdy bdieved to betrue renewable energy would
always have to remain a niche market, rather than achieve its true potential of becoming a set of
maingream energy supply technologies.

Therefutation of thefalacy has thefollowing key logical steps

¥ With or withoutrenewable energy, there is no such thing as a pefectly reliable power
station or electricity generating system.

¥ Electricity gridsare already designed to handle variability in bath demand and supply. To do
this, they have different types of power station (base-load, intermediate-load and peak-load)
and reserve power stations

¥ Somerenewable eectricity sources (e.g. bioenergy, solar thermal electricity and geothermal)
have identical variability to cod-fired power stationsand so they are base-load. They can be
integrated withoutany additiond back-up, as can efficient energy use.

¥  Other renewable eectricity sources (e.g. wind, solar withoutstorage, and run-of-river hydro)
have different kindsof variability from cod-fired power stationsand so have to be
consdered separately.

¥  Wind power provides athird source of variability to be integrated into a system that already
has to bdance avariable conventiond supply agang avariable demand.

¥ Thevariability of small amount of wind power in agrid isindistinguishable from variations
in demand. Therefore, existing peak-load plant and reserve plant can handle small amounts
of wind power at negligible extra cog.

¥ For largeamounts of wind power connected to thegrid from severa geographically
dispersed wind farms, total wind power generally varies smoothly and therefore cannotbe
described accurately as Gntermittent® Thus the variability of large-scale dispersed wind
power isunlike that of asingle windturbine Neverthdess, it may require some additiond
back-up.

¥ Asthependration of wind power increases subdantially, so dothe additiond cods of
reserve plant and fud used for bdandng wind power variations However, when wind
power supplies upto 20% of electricity generation, these additiond cods are still relatively
small.
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These stepsare now discussed in more detail. First it is necessary to define ®ase-loadO
Base-load power stations

A base-load power stationisonetha isin theory available 24 hours aday, seven days aweek,
and opaates mog of thetime at full power. In practice, even base-load power stationsbreak
down fromtime to time and, as aresult, can be out of action for weeks. In mainland Audralia,
base-load power stationsare mosly cod-fired Dafew are gas-fired. Cod-fired power stations
are by far themog polluting of all power stations both in terms of greenhou® gas emissonsand
local air pollution.

Overseas, some base-load power stationsare nudear. They produce little pollution during normal
opeation, butmuch pollution (induding carbondioxide emissiong from mining, enrichment,
plant congruction and decommissioning, reprocessing and waste management. They also
increase therisks of proliferation of nudear weaponsand have the capecity for rare but
catastrophic accidents.

Renewable energy can provide severa different clean, safe, base-load technologies to subditute

for cod:

¥ bioenegy, based onthecombugion of cropsand crop residues, or ther gasification
followed by combudion of thegas;

¥ hotrodck geothermal power, which isbeing developed in South Audralia and Queendand,;

¥ solar thermal electricity, with overnight heat storage in water or rodks or athermochemical
store; and

¥ largescae, distributed wind power, with asmall anountof occasiond back-up from
peskload plant.

It isobvioustha thefirst three of these types of renewable power station are indeed base-load.
Efficient energy use, the naural companion of renewable energy, can aso subditute directly for
base-load cod. However, theinduson of large-scale wind power in the abovelist may bea
surprise to some people, because wind power is often described as an GntermittentOsource, one
tha switches on and off frequently. Before discussing the variability of wind power, we
introduce the conaept of @ptimal mix0O

Optimal mix of base-load and peak-load

An electricity supply system cannotbe bult out of base-load power stationsalone These stations
take al day to start upfromcold andin general thear output cannotbe changed up or down
quickly enoughto handle the pesks and other variationsin demand. Base-load stationsused as
reserve cannotbe started up quickly from cold. Base-load power stations especially cod-fired
and nudear, are generaly cheap to opeaate, butthar capital cods are high. So they cannotbe
used jud to handle peaks in demand. To pay back ther high capital cogs, base-load power
stationsmug be opeaated as continuousy as posible. A faster, cheaper, more flexible type of
power station is needed to complement base-load and handle the pesks.
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Peak-load power stationsare designed to berunfor short peiodsof time each day to supply the
peaks in demand and to handle unpredictable fluctuaionsin demand on timescales ranging from
afew minutesto an houror so. They can be started rapidly from cold and ther output can be
changed rapidly. Some peak-load stationsare gas turbines, similar to jumbo jet engines, fudled
by gas or (rarely) by oil. They have low capital cods but high opeaating cogs (mosly fud cogs).
Hydro-electricity with damsis also used to provide peak-load power. Because the amountof
water availableislimited to that stored in the dam, the Gud Gof ahydro power stationis ascarce
resource and therefore avaluable fud tha is best used when itsvalueis highest, that is, dunng
the peaks.

A third type of power station, intermediate-load, runsduring the daytime, fillingthegepin
supply between base- and pesk-load power (see Figure 1). Its outputis more readily changed
than base-load, butless than peak-load. Its opeaating cos lies between those of base- and peak-
load. Sometimes intermediate load is supplied by gas-fired power stationsand sometimes by
older, smaller, cod-fired stations

Clearly, if an electricity generating system has too much pesk-load plant, it will become very
expendve to opeaate, butif it hastoo much base-1oad plant, it will bevery expensve to buy. For
apaticular patern of demand thereis a mix of base-load, intermediate-load and peak-load plant
tha gives the minimum annud cod. Thisis known as the optmal mix of generating plant.
Figure 1 sketches how an optimal mix of base-load, intermediate-load and peak-load generation
combines to meet thedally variationsin demand in Summer and Winter.

Reliability of generating systems

Even an optimal mix of fossil-fudled power stationsis not 100%reliable. To achieve this would
require an infinite amountof back-up and hence an infinite cog. In practice, a geneating system
has alimited amountof back-up and a specified reliability. This can be measured in terms of the
average nunbe of hours per year that supply failsto meet demand or by thefrequency and
duration of failures to meet demand.

Wind power asbase-load

To replace theelectricity generated by a 1000megawatt (MW) cod-fired power station, with
annud average power output of about850 MW, a group of wind farms with capecity (rated
power) of about2600MW, located in windy sites, is required. The higha wind capecity allows
for thevariationsin wind power and is taken into accountin the econonics of wind power.

Althoughthis subgitution involves alarge nunmber of wind turbines (for example, 1300turbines,
each rated at 2 MW), thearea of land actudly occupied by the wind turbines and access roadsis
only 5B19 square km, depending uponwind speed. Farming continues between thewind
turbines. For comparison, the cod-fired power station and its open-cut cod-mine occupy
typicaly 508100 squae km.

Althougha single wind turbineis indeed intermittent, thisis not generally true of a system of
several wind farms, separated by several hundeed kilometres and experienang different wind
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regimes. Thetotal output of such a system genealy varies smoothly and only rarely experiences
astudaion wherethereisnowindat any site. As aresult, this system can bemadeasreliable asa
conventiond base-load power station by adding a small amountof peak-load plant (say, gas
turbines) that is only opaated when required.

Computer simulationsand moddling show tha theintegration of wind power into an electricity
grid changes the optimal mix of conventiond base-load and peak-load power stations Wind
power replaces base-load with the same annud average power output However, to maintain the
reliability of the generating system at the same level as before the subditution, some additiond
peak-load plant may be needed. This back-up does not have to have the same capecity asthe
group of wind farms. For widdy dispersed wind farms, the back-up capecity only hasto beone
fifth to onethird of thewind capacity. In the special case when al thewind power is
concentrated at a single Site, therequired back-up is abouthdf thewind capacity. (Martin &
Diesendoif 1982;Grubb1988a& b; ILEX 2002;CarbonTrug & DTl 2004;Dale et al. 2004,
UKERC 2006)

Furthermore, because the back-up is peak-load plant, it does not have to berun continuousy
while thewind isblowing. Ingead the gas turbines can be switched on and off quickly when
necessary. Since thegas turbine has low capital cost and low fud use, it may beconsdered to be
reliability insurance with a small premium.

Of coursg, if anaiond electricity grid is connested by tranamission lineto another country (for
example, as Western Denmark is connected to Norway), it does not need to indall any back-up
for wind, because it purchases supplementary power fromits neighbous when required and sells
excess wind energy to its neighbous. In practice it makes little difference whether a generating
system ingals alittle of its own back-up or purchases it from neghbous.

Solar electricity

Because it is still very expensve to store electricity on alarge scale, grid-connected solar
electricity from phobvoltaic (PV) modulesis notstored. If and when advanced batteries become
less expengve, PV eectricity would become base-load. Meanwhile, even withoutstorage, alarge
amountof solar PV can subditute for cod and/or gas combuged in intermediate-load power
stations Furthermore, by orienting the solar collectorsto thenorth-west ingead of to theusud
north (in the southern hemisphee), the peak in solar generation overlaps to alarge degree with
thebroad daly peak in Summer demand (Figure 1b). Thus statistically speaking, even solar
electricity withoutstorage has a degree of reliability dunng the daytime.

Solar energy can be stored at low co4 as heat in water, rocks or thermochemical systems.
Theefore, solar themal electricity with thermal storage can supply base-load and can bejud as
reliable as base-load cod.

New technological developmentsin solar electricity, coupled with expanding overseas markets,
will gradudly bring down prices.
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Conclusion

Combinaionsof efficient energy use and renewable sources of electricity can replace electricity
geneating systems based on fossil fuds and nudear power. With renewable sources, base-load
electricity can beprovided to the grid by bioenergy, hotrock geothermal, solar thermal
electricity with storagein water, rock or thermochemical systems, and wind power with alittle
back-up from gas turbines. Natural gas and cod seam methane can also subditute for some base-
load cod-fired power stations althoughsupplies of these gases are limited in eastern Audralia.
Intermediate load can besupplied by solar PV €electricity withoutstorage when it becomes less
expensve. When naural gas supplies become scarce, gas turbines used for peak-load supply can
befudled by biomass.

By 2040renewable energy could supply over hdf of Augralia@ electricity, redudng CO,
emissionsfrom electricity generation by nearly 80 pe cent (Saddler, Diesendoif & Denniss
2004;Diesendoif 2007a & b). Inthelonge term, there is no technical reason to stop renewable
energy from supplying 100per cent of grid electricity. The system could bejud asreliable asthe
dirty, fossil-fudled system tha it replaces. Taking accountof the high cogs of greenhou®
impacts (Stern 2006, the barriers to a sugainable energy future are nather technological nor
econonic, butrather are theimmense political power of the big greenhoug gas polluting
indudries: cod, duminium, iron and steel, cement, motor vehicles and part of theoil indudry.

Actudly, thereis onecondraint onarenewable eectricity future. Growth in demand hasto be
levelled off, or there will notbe enoughland for wind and bioenergy. In thelongrun, this would
entail achangein thenaiond economnic structure and the stabilisation of Audralia@@ popuktion.

A more ddalled discussonis given in aforthcoming book (Diesendoif 20079).
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Figure 1: Typical power demand (load) by time of day in (a) winter and (b) summer

In Winter the two peaks occur at breakfast and dinner time. In Summer the single broad peak occurs in early to mid-
afternoon.
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