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Problems and Impacts
Focus on marketsFocus on markets

• Variability of intermittent sources - markets

– Price variation high
– Lower prices at times of high wind outputLower prices at times of high wind output
– Lower revenues for both intermittent generators and other 

generators

• Unpredictability of intermittent sources

– High balancing costs
– High and inflexible reserve requirements

L it l f i t itt t t
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– Low capacity values for intermittent generators



Different categories of options to mitigate the 
problem of price variationsproblem of price variations

Two major alternatives

• Reduce the output variations
– Interconnection capacity p y
– Flexible generation technologies in mix
– Mix of intermittent generation technologies

Dispersed location of intermittent technologies– Dispersed location of intermittent technologies

• Demand options that adjust to output variationsp j p
– Increase price flexibility – demand response (regulation, 

technology) 
– Storage of electricity or heat

4

– Storage of electricity or heat
– New demand technologies (heat pumps, hybrid electric cars)



Generation technologies and variability
Fl ibl i h l i d• Flexible generation technologies wanted
– Low stop and start costs as well as fast regulation 

properties
– Reasonable part load characteristics – efficiency, 

emissions

Combination of resources: intermittent and others
• PV and wind power combination reduce variation

– Somewhat uncorrelated production but dominated by cost 
differential

• Wind power and CHP can workp
– CHP can only be flexible with heat storage and correct 

subsidy scheme for CHP
• PV or Wind and Hydro

5
• PV or Wind and Hydro

– Excellent combination with sufficient hydro storage



Demand options 

• Demand response reduce the variation in load and 
thereby reduce the impact of;
– Low intermittent generation at times of high load
– High intermittent generation at times of low load

• Wholesale prices will with unchanged total demand be 
reduced and their volatility also reduced

• New demand technologies made available might 
benefit from low prices and average prices even 
increase because total demand increasec ease because tota de a d c ease

• Different options exists:
– time of use tariffs, day ahead pricing, peak pricing and 

real time pricing etc
6

real time pricing etc.



Demand response implementation

Demand response increase require the availability of

– Metering (but not necessarily for all)
• and billing that transfer the price signals to final 

consumersconsumers 
– Tariff restructuring (especially for costumers with high 

taxation)
i fl t ti th t id i ti i• increase fluctuations that consider variations in 
environmental tax elements – including the PSO tariff 
that finance RES subsidies

d d h l i il bl (h h b id– New demand technologies available (heat pumps, hybrid 
electric cars)

7• Interacts with storage – storage increase demand 
response
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Wind power in Western Denmark
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Lower price and 
increased volatility

Electricity 
price 

(market)

Artificial 
Load profile

Reduction 

No reduction

Electricity 
price (dashed 

lines)

high price

Reduction 
low price

11Wind 
generation

hours



Price drops also increase 
volatility
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Demand response – effect on load and 
pricesprices 

• How would the demand response affect the situations• How would the demand response affect the situations 
where intermittent generation has an impact on prices?

• Load shifting (hours)

L i i d d (t h l i )• Low prices increase demand (technologies)

• Excess generation and restricted export• Excess generation and restricted export  
(interconnection capacities) – reduce the value of 
interconnection (substitute)
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Demand response
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Demand response 

Peak load and price
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Impact on Spot Price: DK example

600 140Denm ark -wes t price

500 120

r 

S ys tem  pric e
wind produc tion

400

W
h 80

100

on
/P

ow
er

tio
n 

%

200

300

DK
K/

M
W

60

Pr
od

uc
tio

Co
ns

um
pt

100

200

20

40

W
in

d C

16

0
123456789101112131415161718192021222324252627282930313233343536373839404142434445464748495051525354555657585960616263646566676869707172737475767778798081828384858687888990919293949596979899100101102103104105106107108109110111112113114115116117118119120121122123124125126127128129130131132133134135136137138139140141142143144145146147148149150151152153154155156157158159160161162163164165166167168169170171172173174175176177178179180181182183184185186187188189190191192193194195196197198199200201202203204205206207208209210211212213214215216217218219220221222223224225226227228229230231232233234235236237238239240241242243244245246247248249250251252253254255256257258259260261262263264265266267268269270271272273274275276277278279280281282283284285286287288289290291292293294295296297298299300301302303304305306307308309310311312313314315316317318319320321322323324325326327328329330331332333334335336337338339340341342343344345346347348349350351352353354355356357358359360361362363364365366367368369370371372373374375376377378379380381382383384385386387388389390391392393394395396397398399400401402403404405406407408409410411412413414415416417418419420421422423424425426427428429430431432433434435436437438439440441442443444445446447448449450451452453454455456457458459460461462463464465466467468469470471472473474475476477478479480481482483484485486487488489490491492493494495496497498499500501502503504505506507508509510511512513514515516517518519520521522523524525526527528529530531532533534535536537538539540541542543544545546547548549550551552553554555556557558559560561562563564565566567568569570571572573574575576577578579580581582583584585586587588589590591592593594595596597598599600601602603604605606607608609610611612613614615616617618619620621622623624625626627628629630631632633634635636637638639640641642643644645646647648649650651652653654655656657658659660661662663664665666667668669670671672673674675676677678679680681682683684685686687688689690691692693694695696697698699700701702703704705706707708709710711712713714715716717718719720721722723724725726727728729730731732733734735736737738739740741742743744

0

20

123456789101112131415161718192021222324252627282930313233343536373839404142434445464748495051525354555657585960616263646566676869707172737475767778798081828384858687888990919293949596979899100101102103104105106107108109110111112113114115116117118119120121122123124125126127128129130131132133134135136137138139140141142143144145146147148149150151152153154155156157158159160161162163164165166167168169170171172173174175176177178179180181182183184185186187188189190191192193194195196197198199200201202203204205206207208209210211212213214215216217218219220221222223224225226227228229230231232233234235236237238239240241242243244245246247248249250251252253254255256257258259260261262263264265266267268269270271272273274275276277278279280281282283284285286287288289290291292293294295296297298299300301302303304305306307308309310311312313314315316317318319320321322323324325326327328329330331332333334335336337338339340341342343344345346347348349350351352353354355356357358359360361362363364365366367368369370371372373374375376377378379380381382383384385386387388389390391392393394395396397398399400401402403404405406407408409410411412413414415416417418419420421422423424425426427428429430431432433434435436437438439440441442443444445446447448449450451452453454455456457458459460461462463464465466467468469470471472473474475476477478479480481482483484485486487488489490491492493494495496497498499500501502503504505506507508509510511512513514515516517518519520521522523524525526527528529530531532533534535536537538539540541542543544545546547548549550551552553554555556557558559560561562563564565566567568569570571572573574575576577578579580581582583584585586587588589590591592593594595596597598599600601602603604605606607608609610611612613614615616617618619620621622623624625626627628629630631632633634635636637638639640641642643644645646647648649650651652653654655656657658659660661662663664665666667668669670671672673674675676677678679680681682683684685686687688689690691692693694695696697698699700701702703704705706707708709710711712713714715716717718719720721722723724725726727728729730731732733734735736737738739740741742743744

Hours in  Ja nua ry '07 Source: Poul Erik 
Morthorst



Impact at the Western-Denmark power market
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Interconnections, storage and demand 
responseresponse 

• Interconnection capacity
R d th i t f i bilit i– Reduce the impact of variability on prices

– Reduce the reserve requirement

• Storage technologies
– Use the variability of prices to store electricity or heat related to 

CHP – mainly short term (hours)CHP mainly short term (hours)
– Hydro storage – both in short term and for longer term storage

• Demand response
– Reduce variation of prices – flattened duration curve
– Regulatory part – requires price pass through

18

Regulatory part requires price pass through
– Technological part - investments



Example of price impact reduction in a system 
with high intermittent shares andwith high intermittent shares and 

interconnection constraints

Why is the low prices a problem?• Why is the low prices a problem?
• In a system with high intermittent shares there are 

unattractive low prices – from the generators view
• There is a lot of short term price variation – adjustment 

cost 
• There might be longer periods of high prices• There might be longer periods of high prices
• Lower spot market price is reducing the incentive to 

invest for all generation (main revenue from spot 
market)

• Especially wind generators will experience low prices 
reducing the incentive to invest (share of revenue from

19

reducing the incentive to invest (share of revenue from 
market)



Demand response, storage or 
interconnection
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Are the impacts and the options 
illustrated relevant?illustrated relevant?

• RES intermittent generation shares are only high in a few 
countries?countries?

• But already at low shares networks will experience the impactsy p p

• If EU targets are becoming reality the illustrated example 
i ht b th th th j t D i h tmight become the average rather than just a Danish extreme 

• Therefore identifying a mix of options to mitigate theTherefore identifying a mix of options to mitigate the 
intermittent effects is vital to have a smooth implementation of 
the RES targets
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Timing and options 

• First we cannot wait to implement options to 2020 as interim 
targets are bindingtargets are binding

• Different response options are relevant at different time p p
horizons

T t d ll i d t 2020 t k• Targets are gradually increased up to 2020 – so we must make 
sure that options implemented in 2015 don’t interferes with 
options planned to be in effect later on.
– if we build interconnection 
– low prices during night-time to be exploited by hybrid (electric) 

vehicles will not be available (DK case)
22
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Concluding remarks

• New EU Directive including RES targets will increase the 
impacts that must be addressed due to high targets

• Market price effects of intermittent energy will become 
larger

• A larger share of RES generation will be market based

• Variability in intermittent generation could be matched by 
flexible units in generation mix and cheap storage g g
technologies  

Interconnection and demand response are important
23

• Interconnection and demand response are important 
options – but they must be evaluated taking account of 
each other



Prioritised options

• Interconnection should always be considered – with the 
highest benefits for areas that differ in generation structure 
and demand patternand demand pattern

• Demand response is an alternative that could contribute to 
reduce intermittency problems

• Dispersion of intermittent generation across countries or 
regions will also be beneficial (transmission constraints)

• Cheap storage technologies where available is also aCheap storage technologies where available is also a 
substitute to interconnection and increase demand 
response (hydro, heat)
Flexible generation mix• Flexible generation mix 

Finally all options must be evaluated taking account of each
24

Finally all options must be evaluated taking account of each 
other and optimal mix is not identical for all 
areas/countries


