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Abstract--Smart Grid technology appears necessary to succeed
in activating the demand through demand side management
(DSM) programs. This would in turn improve energy efficiency
and achieve environmental targets through controlled
consumption. The many pilot projects led worldwide involving
smart grids technology, brought quantitative evaluations of DSM
measures on electricity load. Efficient DSM instruments must be
fine tuned to respond to very specific issues arising from the
generation mix, the integration of intermittent energies or the
level of outagerisksfaced during peak period.

Efficient DSM strategiesareillustrated through a model
involving five countries that carry these different features and
under the assumptions of isolated and fully interconnected
markets. This paper aims at bringing recommendations
regarding the instruments that should be implemented to
maximize the benefits of smart grids technology and demand
response. Finally, it tends to emphasis the issue of homogenized
energy efficiency policies, critical in the building of internal
energy markets such as the one the European Union is
envisioning.

Index Terms-- Demand-Side M anagement; Dynamic Pricing;
Generation Mix; Isolated Market; Integrated market.

. INTRODUCTION

Energy efficiency is one of the means of achievihg
targets set by the European Union. The developwiesinart
grids (SG) is a possible solution for achievingsthgoals [1].
Through their deployment all the players in theckleity
supply chain could contribute to system security stability,
with gains subsequently distributed between theorreditly,
retail consumers have no way of interacting with dystem.
Their passiveness is explained by both the fixéesrand the
lack of technical ways for price signal to be sgit In the
United States 98% of peak demand is not in a postt adapt
its consumption patterns to scarcity conditions J3jis matter
is seen as one of the key structural problems éctecity
markets [4]. The activation of demand would beca@s®urce
of flexibility when balancing supply and demand.

Deploying SG technology should consequently restbee
missing link between the system and consumers ahdnee
the system efficiency . Modernization of distrilmuttinetworks
and metering technology is opening the way for reaergy
packages and prices, with in particular greaterpscéor

controlling and managing demand. A generation by mihus
be replaced by load-shedding or shifting, which lsarsold on
the market [5], [6]. Many pilot studies have bearried out to
study demand response (DR) in the US and more tigden
Europe [7]-[9]. The initial conclusions suggesttthaak load-
shedding may be significant [10]. Demand elasticiffects
both the cost of energy (energy efficiency) andomsf to
reduce greenhouse-gas emissions (environmentailesftiy).

We will first focus on the use of price signals dlicit a
demand response from the retail market. We shallvsthat
these signals do allow demand to be managed witBuroers
responding to price signals. As has often been robde
deploying several information or price-based tog&dds the
best results. In the second part we present a itptarg study
of gains in energy and environmental efficiencykdéid to

demand-side management. We shall see that thess gai

depend in particular on the generation technologétsg used
and on the energy policies limiting changes inrttie.

. DEMAND RESPONSEAND RETAIL CONSUMERS
Deploying smart-grid technology is a key comporiarthe

development of demand-side management schemes. As

underlined by many authors [10]-[16] demand respqiBR)
can yield significant economic and environmentahga
Demand response techniques may be divided intonbaim
categories: voluntary load management
themselves through dynamic pricing; and automaggiesns
controlled by a third parties [17].

A. Demand-response instruments for retail consumers

Time-of-use (ToU) pricing breaks down the day it
periods of time, each associated with a specifiedgtermined
price. This is the simplest and most commonly ufeeth of
dynamic pricing. However it only allows limited Ribility,
often with only slight differences between baselam® peak
periods [18]. Critical-peak pricing (CPP) responids the
criticism regarding flexibility. It is based on theame
principles as ToU but segments periods with a fimersh
(baseline, peak and several critical-peak periodisjvarning
signal is sent to consumers alerting them to acalipeak
period. Real-time pricing (RTP) transmits variatoim the

by consumers
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wholesale price per kWh to consumers. Peak-timeateep Number of Average drop in
(PTR) systems differ from the others: rather thamdp based observations peak load
on the principle of a surcharge for peak consumpt®TR ToU 5 4%
rewards a drop in consumption for such periodseiation to ToU + smart 4 26%
the baseline load curve. technology
o _ _ ] PTR 3 13%

For such pricing systems to be widely deployeddestial CPP ) 17%
premises must be equipped with smart meters abteetisure, CPP + smart 3 36%
record and charge the rate stipulated by the mrisicheme. technolog'

Alongside smart meters, smart technologies are gbein
developed, ultimately leading to the appearancesrofrt
spaces capable of managing their electricity remoénts
optimally, using remote-management or direct loadtol
(DLC) systems.

Source Faruqui et al. (2010b) [9].

Regarding RTP, theoretical research concludes that
deploying RTP at all retail sites would achieve tioum
allocation with no deadweight loss’ [15]. Howevengrical
L ) experiments indicate only limited success with RiEReing

B. Dynamic pricing and load reductions too complicated for consumers to manage [13]. GogRTP

Broadcasting information is a critical factor iretsuccess with a load-management technology and signallingnis way
of any DR scheme. Various studies have shown tisdtthe of overcoming this shortcoming. With automationnsomers
presence of in-home displays (IHD), or interfacesuld can set a threshold price above which their matgina
constitute an incentive to change consumption patteThe propensity to consume is zero and leave it up émfrerator to
study by Faruqui et al, 2010a shows that their ©t®an control their consumption automatically in real éimThis
reducing demand range from 1.8% to 6.7% on ave[@he combination was tested as part of a pilot schemAdistria
Applying both IHD communication and dynamic pricing21]. In this instance the impact of RTP was twésehigh on

increases these results as the pilot carried outymro One,
Ontario, suggests. It revealed IHD + ToU could l&ad 7.3%
peak load reduction. This conclusion differs sutiiadly from
the result obtained by transmitting informationodhure or
mail-shot). Schemes simply informing consumerstetesn
California, were not a sufficient inducement to iagh load-
reduction [19].

California provides a complete example of experitaton
with DSM. The studies carried out by Faruqui et(aD08),
and by Wolak, (2006) on pilot schemes in this steggealed
that a combination of pricing and warning signalP and
PTR) has an impact three to seven times greateeduncing
peak consumption than a ToU pricing system [19])].[2

The study led by Faruqui et al, (2010b) which cdetpthe
results of 28 pilot schemes carried out by 15tig#iin the US
and Canada, revealed similar results, which sunzeeri

below in Table I[9]. This study shows that the average loa;

reduction with ToU is 4%. Higher results — 13% dit% —

peak-demand days than at periods subject to lessss{10%
and 5.3% respectively). Secondly an RTP + contystesn
boosted the results to 16.2% and 7.3%, respectively

An earlier study described DLC as the best instntnfier
reducing the peak load of residential consumers. [Ithis
study estimated that peak consumption in the USldcou
probably be cut by 5%. This reduction would repnésan
annual gain of between $8bn and $13bn, of whichn$sb
$10bn would be due to a drop in the short termepid
energy. The difference represents long-term gaielsled by
avoided investment in additional generation andsmaission-
distribution capacity.

The same methodology was used for the Europeanemark
[22]. This study was unable to estimate the shartit
economic gains yielded by demand response, but islibw
that Europe could realistically reduce peak demayp®@% to
10% simply through pricing. Deployment of load-coht
technology coupled with dynamic pricing would cutaj
emand by 12% to 19%.

were obtained with more complex, PTR or CPP schemes | 5y although a reduction in load automaticaigrmits
respectively. Lastly, the use of advanced technolgh as 5 jnstantaneous drop in generation, these stuitiesiot
smart thermostats coupled with IHDs proved essemtia provide any indication of the effect of shifting rdand.
induce more substantial reductions in load. This\lwoation |ndeed' consumers may respond to a price variatiotwo
doubled the average peak-hour reduction with CPRRI aways: either by a net reduction in consumptiorydelaying
showed a six fold gain on comparable consumptigh WoU usage [23]. The greater the load-shedding, the rdetayed
(down by 36% and 26% respectively). consumption must be controlled and spread over rakve
hours. If all the consumption halted by load-shaddis

~ TABLEI _ ) simply shifted to off-peak hours then the efficigngains
Impact on load of pricing and smart technologie28milot  expected of DSM will be seriously reduced [24]
schemes.

An optimal choice of demand-side management to®ls i
required, making allowance for their respective adages
and bringing them into line with real needs andtgwainology
mix of the country or region in which they are dgmd, the
priority goal being to reduce costs.



Ill. DEMAND-SIDE MANAGEMENT : ILLUSTRATION WITH FIVE Marginal Marginal
COUNTRIES generation cos tat generation cos ta
19.00 (E/MWHh) 04.00 (€/MWh)
Our example with five countries studies the impatt Spair 33 (gas 33 (gas
demand-side management on generation costs |andNetherlands 22 (gas) 22 (gas)
greenhouse-gas emissions. We have modelled fivarateg German' 43 (coal 43 (coal
countries, each equipped with its own generatiouses France 168 (oil) 22 (nuclear)
with specific costs for each generation technotq@yppendix Belgium In?\stglr_rf)inate 24 (gas)
1).

We have assumed there are two periods of consumgio
peak period, at 19.00 (7pm), and an off-peak petad®d4.00
(4am). Appendix 2 gives the net consumption vafoeshese
two periods.

This baseline situation shows that all the coustr®uld
gain by applying DSM, some to reduce their emissiathers
to reduce stress on their electricity system. Sw, dach
country we calculated the total cost of supplyimgrgy for

A tonne of CQis valued at €14.18 (Bluenext value on 1various scenarios regarding the generation mix lesupith

January 2011 corresponding to the period of consomp
covered by our study). Appendix 3 shows the coutidn of
each generation technology to carbon emissions.

The various countries are looking for ways of miizimg

DSM, with demand shifted or not to off-peak houdsless
stipulated, the volume of load-shifting is alwaypial to the
full amount of peak-hour load-shedding. The cal®datotal
cost will be made up of the sum of the total cdstreergy and
CGO, over the two periods under study.

overall costs, while balancing supply and demantie T

optimization programme here aims to minimize
generation costs for each country, as a functiahefjuantity
produced to serve domestic demand.

We asume installed capacity can never achieveofutiput.
Allowance is made for the available production dastas a
function of a technology’s installed capacity (see Appendix
3).

In the absence of interconnections each country ardn
draw on its own generation capacity to balance etaslpply
and demand. Table Il details marginal generaticgoueces
enlisted during the peak and off-peak hours covdrgdhe
study. In this context, we may distinguish two greuThe
first comprises Spain, the Netherlands and Germadigir
installed and available (particularly fossil-fuetppacity is
sufficiently large to satisfy domestic consumptidburing
peak hour, wind and nuclear energy in Spain and
Netherlands respectively are not retained in theitnoeder
because of their cost. Similarly Germany does et its oil-

total

A. Demand response and stress on the electricity system

France balances peak supply and demand by usirgil-its
fired power stations, at a high financial (€168 paih) and
environmental cost. On the other hand hydraulic anclear
(€22 per MWh) power stations cater for off-peak damh at a
low cost and with no emissions. The total cost €bas) to
serve demand over the two periods is €15,319,979.

A 2% load-shedding results in positive balance (@ah),
avoiding the need to draw on oil-fired plant, wijs-fired
plant balancing the system. The overall cost isuced by
29.1%. The result would be even better if 10% |Ishdeding
could be achieved, with a 52.9% saving on the diveost.
There no longer being any need for oil or gas-fipkaht at
peak hours, coal-fired plant costing €50 per MWh ba used
to balance supply and demand. With 10% load-shedttiere
only marginal coal-fired generation. On the ottmand,

S
th%her load-shedding (17%) substantially reducesdbst at

peak load, but load-shifting only yields a 27.9%isg, in
other words a meagre gain compared with only 2%ldihg.

fired_critical-peak power 'plants. The. second greomprises Load-shifting has a major impact on the cost ofrgpdthe
Belgium and France, which are subject to stresaumscthey marginal power plant being gas-fired, at a cos€bf3 per

use all their available generation resources. lddgelgium MWh) and on emissions (with coal-fired plants ofie at

has a power shortage and cannot balance its market.

TABLE Il
Results of supply/demand balance - Separate cesantri

full capacity in addition to the marginal gas p)aBubstantial
load-shedding should therefore be followed by geaeld
shifting.

TABLE IlI
Impact of load-shedding and shifting on costs f@niEe
Shifted load Cutin Cutin Overall cutin
(%) energy | emissions cost|  cost (%)
cost (%) CO2 (%)

2 29.2 13 29.1

10 52.9 37.5 52.8

17 27.¢ 38.F 27.€

! Data on the cost of generation are the privatpeutg of firms. It is
consequently difficult to observe or calculate sdata. The cost here is an
approximation based on available data relatingp¢oGapex, Opex and load
factor figures for each country. The values aregilthors’ own estimates.

Load-shedding thus improves generation and envieoah
efficiency even though all the load that is shedlignately
just delayed. On the other hand a strategy invglvihe
greatest possible load-shedding only yields optimesults



with a low reconnection rate. In the case of fatannection it
is not optimal at all. Shedding 2% of the load ¢enmore
efficient and does not

instruments. In fact good information broadcastingn

achieve the same result [22] On the other hand,emor

substantial shedding, in the range of 10% to 1 &quires the
introduction of more complex measures, combining® G
RTP with information and/or control instruments.

The situation in Belgium is more worrying, as iuisable to
satisfy peak demand exclusively with its own resear(Table
I1). By shedding 5% of the load the market can htatced.
We used this point of balance as a baseline irfalewing
tables to calculate the gains derived from additioload-
shedding, a measure which is profitable and nepge$sathe
market to function. With load-shedding at this leveeak
demand is balanced thanks to oil-fired plant (€p64 MWh).
The overall cost, or baseline, to cater for peatt aff-peak
demand is €2,041,887.

The most effective level of load-shedding corresjsoto

involve deploying sophidecda
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demand unless the impact of shifting is spread oeseral
hours.

B. Demand response and environmental efficiency

These countries have substantial generation cgpeatciheir
disposal to serve peak demand. They are thus atialance
peak supply and demand, but each MWh comes athacoist
in emissions. There seems little scope here fowuded
consumption in order to bring down the unit costeokrgy
due to the scale of fossil-fuel capacity. On thkeothand,
measures enabling generation with more environnignta
friendly technologies could be worthwhile, than&ghe cut in
emissions.

Spain has two ways of reducing overall generatmst< to
give priority to developing wind power; and to deplDSM
measures. Shifting peak-generation from gas-firkhtp to
wind farms, despite a higher unit cost (see Appetjliwould
reduce the cost of GOemissions. The extra cost of wind
power could then be reduced by shedding 15.3% ofate.

roughly 13% of demand (Table IV). This level yieldWe have taken as a baseline the total cost, withdot
substantial efficiency gains even in the event wfsequent power, of €2,321,114 for serving both consumptieriquls.

load reconnection (51.5% cut in overall costs)-fibdd plant
previously used to meet critical-peak demand waowdonger
generate power at peak hours, yielding a significart in
energy costs. Furthermore load reconnection onsyahalight
impact on off-peak energy costs and emissions (bmlifed
coal-fired generation is required). With 5% of demahifted
to 04.00 there is an increase in the cost of enamy in
emissions. During off-peak hours hydraulic powe2S&er
MWh) takes over as the marginal plant, with gasedfiplants

We studied two scenarios for introducing wind pawer
the first case its introduction follows a conventb pattern,
the price of wind power being equal to the margprade (€41
per MWh). In the second scenario we assumed a premi
type system, which enables renewable-energy gemeréd
recover, at least, the difference between the nhgmikee and
their overall costs (the market price of the maabipower
plant remains that of gas, €33 per MWh).

operating at full capacity, boosting g@missions. Shedding The introduction of wind-powered generation entails
21% of the load also cuts both the cost of energy aincrease in the overall cost, in all the scenarssept with a
emissions, but if all demand is simply shifted tfi-peak premium system without load-shifting, which yieleficiency
hours there is no gain in efficiency because ofttiga cost of gains (see Table V). The gains derived from lowed, C

fossil-fuel plant operating at that time.

emissions compensate the excess cost entailecetprémium
incentive mechanism. Demand control improves reshilit in

TABLE IV so far as possible it should not involve all thaddhat is shed
Impact on costs of shedding more than 5% of the,lmepart being shifted to off-peak hours, as the marginantd burn
shifted fossil fuel. Shifting consumption to off-peak houwsould
Load- Reduction in Cutin Overall certainly not impact on the unit cost of energy huwould
shedding at| energy cost| emissions cost reductionin | increase C@emissions for that period, leading to a drop in
19.00 (%) (%) CO2 (%) cost (%) efficiency.
13 66.4 154 64.7
TABLE V
21 74.4 319 73 Impact of load-shedding on overall costs comparith thie
5% th')fcted to 1.1 -0.6 1.1 initial (baseline) situation
13% shifed £33 16 E1E Cut m_total Cutin t(_)tal Cutin t(_)tal
t0 4.00 cost without |  cost with cost with
519 shifted 34 38 31 DSM (%) | 15.3% DSM 15.3% DSM
t0 4.00 (%) shifted at
4.00 (%)
Here again, there is no call for major incentiveamees to| _ Without Baseline : 101 0
shift 5% of the load, thus balancing supply and aledn On| 'ncludingwind | total cost of
the other hand much more work will be requiredharge the power €2,321,114
) . . . Including wind -19.3 -7.1 -10.1
marginal power plant (in the event of load-sheddiagging powe
from 13% to 21%). As in the previous case this widnololve With wind 13 9.9 12
the use of several incentives and information umgnts. power and
However it would not be ideal to shed a substarsiiegre of premiun
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By managing demand (shifted or not) gains |in Cutintotal | Cutintotal | Cutin total | Cutin total
environmental and energy efficiency can be achievesl cost with cost with cost with cost with
these gains mainly concern greenhouse-gas emissions 3.45% DSM | 14% DSM 3.45% 14% DSM
efficiency increases with the scale of DSM deploydche h\{\;?houg ’ h‘f‘f"Fhouz ’ h':.)ﬂs'\g ihc')fée‘f, /at
load is simply shifted, efficiency suffers, as thearginal shifting (%) | shifting (%) | shifted at 00 (%)

; L . 4.00 (%)
plants burn fossil fuel. The best combination dusons for -
- . . . With 3.1 10.3 0 0
substantially cutting demand would be dynamic pgcwith | .\ jear
control and information systems. power

Exactly the same reasoning and conclusions applheo without 26.5 61.4 256 57.6
Netherlands as to Spain, with fossil-fuel margipknts and| nuclear
carbon-free (nuclear and wind-power) resources hvldce | powel

both costly and insufficient in number to offer &ysible
alternative to gas-fired resources.

On the other hand, Germany differs from Spain dml
Netherlands in that it uses all its carbon-freeoueses to

If nuclear power is retained, DSM without load-shij
tonly impacts on emissions but not on the unit cdsnergy,
because the same marginal plant is used. If densasichply

balance peak supply and demand. A DSM strategylly f shifted it cancels out any gains, the same (coatifimarginal

operative in this instance, allowing reduced usea#Hl-fired
plants. With coal-fired generation serving 48% a&hthnd,
extensive load-shedding would be required to chatige
marginal generation technology. As a result ang{siaedding

plants operating off-peak as at peak hours. Orother hand,
without nuclear power DSM would have greater effect
yielding a significant cut in the unit cost of eggr However
this effect is limited if demand is simply shiftediie to the

contributes to reducing G@&missions. But, of course, simplyhigher CQ emissions at off-peak hours. To maintain the

shifting this demand to off-peak hours would cararel gains,
the marginal power plants being coal-fired.

A scenario in which Germany gives up the use oflgarc
power would substantially alter these conclusiongth no
nuclear power, the gas and oil-fired peaking pldotssting
respectively €113 and €164 per MWh) would be resglito
serve peak demand, raising energy and emissions. ¢drsder
these circumstances DSM could have a positive impac
both emissions and the cost of energy. We haveecpesntly
analysed the eventuality of Germany decommissiontag
nuclear plants, with two scenarios for controllidgmand:
3.45% load-shedding to avoid using oil-fired plafite peak-
hour marginal power plant would be gas-fired); 4486 load-
shedding to end the use of gas-fired resourcespil&-hour
marginal power plant would be coal-fired). The Latest of
generation under the scenario with nuclear poweuldvie
€6,586,119, whereas without nuclear power it woblel
€16,646,209.

Even with demand being shifted, DSM would reduceralf
costs (see Table VI). The impact of DSM is of ceugseater
in the scenario without nuclear power, because e/
expensive oil and gas-fired marginal plants wowddréplaced
by their coal-fired counterparts, resulting in heglemissions
but much
nevertheless negative because coal-fired resowoesd be
used for off-peak hours, taking over from the gad ail-fired
peak plants.

TABLE VI
Impact of DSM on total costs

balance of supply and demand, without the supgfomtiolear
power, Germany would need to introduce substaiitia?o)
DSM in order to avoid an increase in the unit acafsénergy
and to contain emissions. If so, deploying demardrol with
dynamic pricing and a high-performance informatgystem
would be a useful addition to other possible messsuch as
increasing use of gas or renewables combined cycles

C. Aninterconnected market with no limit on capacity

At this point we introduced the possibility for éacountry
to trade as much energy with its neighbours asished.
Under the present European Union merit order, Geroael-
fired power plants (with a €43 per MWh generatiarsty
would be used to serve aggregate demand at peats.hou
Spanish gas-fired plants, costing €33 per MWh, @dnallance
supply and demand at off-peak hours. As may beagpehis
situation leads to increased generation efficienognpared
with the previous case.

Costs can be improved and optimized by managiniyeact
demand. A 17% reduction in demand could be achiegied
Germany continued using nuclear power, providing o

lower costs. The emissions balance-sheetbé Spanish wind power costing €41 per MWh) but aso

significant drop in the cost of emissions (tablel)VITo
achieve this level of load-shedding, countries dquool their
efforts. To achieve a 17% cross-the-board redudtiopeak
demand it would be necessary to deploy powerfurimftion
systems and incentive instruments (critical-peakeal-time
pricing), backed by load control by suppliers, TS®DSOs.
Whereas national strategies only involved basicswmes to
reduce or shift demand, a collective strategy wa@duire
direct investment in complex systems for implenmmegtand
managing load-shedding.

Over and above 77% shifting of demand to off-pealrf
after load-shedding, any reduction in the costrafrgy would
be counter-balanced by the use of additional pldatsg off-
peak hours. Load-shifting on this scale would érdditional
costs in terms of energy but not necessarily fop @@issions,
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due to the use of more costly wind power. Load-dhvel A simple example corroborates these results. Déamjoy
strategies would be beneficial, all the more siéf timing or energy-efficiency measures and incentives natulabyls to
volume of reconnections were controlled to preveiniply an improvement of the situation in the various c¢oes
shifting peak consumption. covered by our study. The scale of the measurasreshto
The results would be significantly different if Geany control demand and shed the corresponding loadndispen
phased out nuclear power. DSM under 4.57% woule v both the generation mix and the gap between supply
impact on the cost of energy, because even withigls in  demand. Demand-shifting is optimal when it is sgreaer
marginal resources (Belgian and Spanish plants a@everal off-peak hours, the costs of energy andssars
interchangeable), the cost would be the same. being diluted over this period, which limits thaeicale. If the

TABLE VII
Impact of DSM on overall costs in an interconnecpdce
with unlimited transit

full load is simply shifted to a specific time laten — the
result of uncontrolled reconnection of load sheithe-various
situations reveal a real difference regarding st of energy
and emissions. There is also a change in the nargower

Total Shedding | Reduction| Reduction | resources serving off-peak demand, raising the afoshergy-
baseline | of demand| in total intotal | generation and emissions when a majority of fdssil-
cost (€) at 19.00 cost cost with resources are used.

(%) without | shifting These examples highlight the DSM policies bestesutb
Sh'(;“ng (%) isolated countries. The countries where a delidzkance
With (%) prevails, powered by low-emissions generation, khgive
German priority to simple demand-side management tools. tBa
nuclear | 16:469,689 17 16 48 | other hand, it seems that countries hampered by hig
power emissions, albeit without any serious risk of feglushould opt
Without 451 7 3 for the more complex (and expensive) pricing andtrd
German 18,676,161 5.8 9 4 tools. _ _ _ _
nuclear 251 51 31 However a substantially different conclusion emsrggkthe
power scope of the present exercise is enlarged to defineptimal

DSM policy for a situation in which these countrig® not
only interconnected but also bound by EU-wide ewerg
efficiency targets. In this case a common goal ggkeority
over national goals, with 17% being the optimaklesf DSM
Managing demand through various pricing and infdairoma. if Germany retains its nuclear power plants, drogpio no
systems provides a way of reducing consumption estkp less than 4.57% in the eventuality of Germany pitasiut
hours. The various experiments cited here show dbaeral huclear power. The latter measure would entaileased use
instruments are better suited to high levels ofiishedding. ©f marginal, coal-fired plants, but more extensd&M would
But such measures upset market equilibrium andgegh&@q  limit the need for such resources, with a correspanimpact
emissions. on the unit cost of energy and emissions.
The positive or negative impacts of such changegmi on
the extent of load-shedding, the generation mix amel
volume of demand-shifting.

IV. CONCLUSION

V. APPENDIX

Appendix 1: Electricity generation capacities andts in various European countries in 2010

Country Spair Netherland German Franct Belgiumr
emaiooy| capacny| (S0 | topacny | Cost | harey | cost | [EAE oot |(EAES) oot
i (MW) (MW) (MW) (MW) (MW)
Gas 33 465 9,810 113
C(():)rjlctfér;ed 20 33 23,270 22 | 15000 30 7,497 116 | 5,985 24
Ol 6,43¢ 164 78¢ 164 5,85¢ 164 1324: | 16€ | 1,34C 164
Coal 12,07( 47 3,34¢ 44 52,83 43 7,25 5C 1,19¢ 47
Wind 20,676 41 2,449 37 27,157 39 6,08D 37 o1p 34
Hydro | 5 350 29 - - 6,470 29 51000 27| 1,310 25
(peak)
Hydro 13,020 15 37 15 4,550 15 20,570 13 11( 15
(baseline
Nuclear | 7,450 23 482 23 20,467 23 63,180 2P 5830 3 2
Total 98,467 30,373 127,147 122,879 16,683

Sources: IEA (2012) [25] and authors’ data.



(1]

(2]

(3]
(4]

(5]

(6]

(7]

(8]

(9]

Appendix 2: Consumption (Cj) on 19 January 201&dnh country (MWh)

Perioc Spair Netherland German Franct Belgiumr
19.00 39,694 16,826 79,863 82,450 13,881
04.0¢ 24,93« 9,89¢ 54,63 60,53¢ 10,002

Source: Data provided by ENTSO-E

Appendix 3: Available generation and €@missions for each generation technology

generation technology Available generation (Mwh) | COzemissions (ICGMWh)
Coal 0.85*Kcoa 0.96
Gas 0.85*K 0.4
Combined cycle 0.85*K combined cvcte 0.36
Oil 0.85*Ko, 0.8
Wind 0.3*King
Hydro 0.5*K pyare
Nuclear 0.85*Kpyucien

Sources: EIA, 2010 [26]
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