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Renewables are coming...

FIGURE 1.3 NEW INSTALLED POWER CAPACITY AND DECOMMISSIONED POWER CAPACITY IN MW
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What we can do?
Energy Imbalance Options

* Energy storage

‘ Flexibility Supply Curve Energy Efficiency &

Renewable Energy ¥

* Regional market dispatch —
High |

interconnection imbalance Cost |  Study needed to determine shape of
Flexibility Supply Curve and Quantify Costs

* Transmission upgrades
* Consumer load flexibility

 Wind production
curtailment

* Increased flexibility from

traditional generators Low
Cost

— Reduced minimum loads : —
High Flexibility Low Flexibility

Many GW, Infinite Time Few MW, Short Time

— On / off cycling time
redUCtion Nickell, B.M. (2008). “Wind Dispatchability and Storage Interconnected Grid Perspective.”

— Up/ down load ramp
increase

Mike D, Bob M, Baillie A. Transitioning from Traditional to
Renewable Infrastructure. 2010. Available at: ww.aegislink.com



"Impacts of

P. Sullivan, V. Krey, and K. Riahi,

considering electric sector variability and reliability in
the MESSAGE model," Energy Strategy Reviews.

NIST Smart Grid Conceptual Model

What existing power plants can do?
Flexibility of power plants — need for storage

Bulk Generation
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Technology Flexibility parameter
Load -0.1
Wind -0.08
Solar PV —0.05
Geothermal 0
Nuclear 0
Coal 0.15
Biopower 0.3
Gas-CC 0.5
Hydropower 0.5
H, Electrolysis 0.5

Qil/gas steam
Gas-CT
Electricity storage

1
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NIST:
— Non Renewable, Non Variable
— Renewable, Non Variable
— Renewable, Variable

each generating technology is
assigned a coefficient between 1
and 1 representing:

— (if positive) the fraction of

generation from that technology
that is considered to be flexible

— (if negative) the additional
flexible generation required for
each unit of generation from
that technology.

Non renewable is not variable
but it could be not flexible.



Energy content and
power output of different
storage technologies

What storage could do?
Storage technologies

The size of the area indicates the energy and power range
for which an energy storage technology may be suitable,
not its economic importance

/ Flywheels

Compressed air

Supercapacitors

/ Power batteries

Batteries for portable applications

/

Redox-flow and reversible fuel cells

Energy batteries

4

expeciainons ana

overall costs.

/ / Hydro and large com-pressed air
SMES
/7

The power output
and energy content
of energy storage
systems is typical for
a storage technolo-
gies and applica-
tion. Particular atten-
tion to these differ-
ences will be paid to
in the description on
the left.

Energy Storage A key technology for decentralised power, power quality and clean transport, Energy, environment and sustainable development, European

Commission, 2011



Who want to invest?
New generation investment drivers

EEG: (implizite) Kapazitatszahlungen, Strommarkt nach der Liberalisierung:

Einheitsmodell, hohe Differenzierung Zahlungen fiir Energie, Grenzkostenpreise '%

| ol &

O m B :

2

113 o

“Invest, produce Proc_iuce & forget |5
& forget” about investments”

Das zukiinftige
Stromsystem:
kapitalintensiv,
sehr flexibler Dispatch

notwendig

8

2

2 . Zahlungen fiir Energie
F

§ Zahlungen fir . Zahlungen fiir andere
§ gesicherte Kapazitat (CO2-freie) Kapazitat
w

Welcher Weg dorthin?
,From vision to transition*

Vision und AugenmaR. Zur Reform des Flankierungsrahmens fiir die Stromerzeugung aus erneuerbaren Energien Fachgesprach von Agora Energiewende ,,Die
Zukunft des EEG — Evolution oder Systemwechsel?” Dr. Felix Chr. Matthes



IIponena norpedbHe BHcHHEe HakHaae 10 2020. roguHe

Neto Cenaza Cena Cena Snaga Energija Troskoviza TroSkoviza Prihodod Pofreban Visina  Visina Uticaj na 1:11::;;]:
: energija kupce energije balansir. povlasé. povlasé. podsticajne balansiranje  cene  prihod od naknade naknade cenuza
Godina L ) proseénog
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NOJINTUKA PENYBJTIUMKE CPENJE Y OBJTACTU OBHOB/BUBUX M3BOPA EHEPITUIE, MPO®. AP 30PAHA MUXAJNOBUR, MUHUCTAP , MpuspeaHa Komopa
Cpbuje, beorpag, 10. geuembap 2012



Where MoEDaEPoRoS would like to invest?
Priority storage projects.

PSHPP “Bistrica”, 60 PSHPP “Djerdap 111 460
GWh, 680MW, 600M€ GWh, 1800MW, 400M€ (1st
phase, 600MW)
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Photo: Strateski i razvojni projekti Elektroprivrede Srbije, Elektroprivreda Srbije (Beograd), 2011



What if there is no investment in storage?
Critical Excess Electrity Production

* Scenario with 2000MW of wind
integrated, day in April.

*Flexibility of existing hydro and TPP
is limited and fully exploited.
*Critical productions must be
exported or curtailed.
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CEEP in Serbia, scenarios up to
2500MW of wind

Who will pay for
moderation costs of
variable renewable
energy sources?

What is Critical
Excess Electricity
Production in Serbia
for case of 2500MW
of wind power?

It is exportable but
should be not
exported without a
plan.
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I. B. Bjeli¢, N. Rajakovi¢, B. Cosi¢, and N. Duié, "Optimal wind
power generation in existing Serbian power system,"



What if transmission is not sufficient?
Congestion...

...at supply side ...at demand side.
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I. B. Bjeli¢ and I. Skokljev, "Deregulated Serbian Electricity Market Optimal Dispatch with Congestion Constraints," Journal of Electrical Engineering, vol. 8, pp. 325-331, 2011.



Flexibility of production and consumption:
options to be considered

Demand Response: Discretionary Demand Low ta Medium Low to Medium Short to Medium
Demand Response: Interruptible Demand Low ta Medium Low to Medium Short ta Medium
Demand Response: Distributed Energy Low ta Medium Low to Medium Short ta Medium
Storage Appliances

Flexibility of Existing Plants—Minor Retrofits Low to Medium Low to Medium Short to Medium
Flexibility of Existing Plants—Major Retrofits Medium to High Medium to High Medium to Long
Flexibility for New Generating Plants Low to High Medium to High Medium to Long

“Meeting Renewable Energy Targets in the West at Least Cost: The Integration Challenge" NREL/SR-550-47434

* Retool Demand Response to 200 1
Complement Variable Generation

o

* Access Greater Flexibility in the
Dispatch of Existing Generating Plants
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Cheap consumer side flexibility options
(virtual storage options)

Cost per Unit of Performance
for Various System Flexibility Options
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Capital cost perunitenergy- 5/kWh output
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“Meeting Renewable Energy Targets in the West at Least Cost: The Integration Challenge" NREL/SR-550-47434



Virtual Power Plant- concept

Virtual power station

A conventional power station penarates dectniclty in
ane location, using one type of panerating technology
and (s owned by one lapal entity A virtual

power stotion & @ muitfid, mut-locoton Yind power
ond muat-ownarshih power station, which
penenates dectnaty in many docotions in the
gnd. Both supply energy relichly ot the prece
lerrnined time. In today’s dectroity rmarket this
maans making ¢ subply controct for eoch howr _
af tha next day. Sorne power stations, )
both conventional and virtua! stotins, Hyd-oelectrici

4w Heat
must ako be capable of changing thelr o Elecricity
power outhut quickly and sal this copabilty as anallary ‘ Photovoliaics, shoding and
services (o grid operctors. integration 1o facads Encmypan ot Cantha, Gaenany

For @ grid operator or enagy troder; purchasing enerpy or anallary sanwes

frorm o virtudl power station wit be eguvalent to purchasing from o conventional power station

The concebt of a virtwy power station Is not a new technology but @ method of orpantsing decentrolisad peneration and
stovope In @ way hat maximises the value of the penarnted eectrictly to the utilty. Wiudl power stabions using distnb-
uted ond renewable enerpy peneration ond enegy storape hove the potential to reploce corventional power stations
step by step untd o sustanable energy mix has devaloped.
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