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FOREWORD

Renewable Energy Sources: Let There Be Light!

GCALl G f dzEé A& cafBuiialLdtinpffSemerm@ESi2EKSNBE 6S f AIKGED ¢t

haps the best knowquote from the Bible can be found #te very beginning othapter

MY Gb2¢ GKS SIENIK 61la F2N¥ESaa FyR Sywies RIEN]ySs

and the Spirit of Godwa§ 2 SNA Y 3 20SNJ GKS 6+ GSNAR® ! yR D2R
and there was light. God saw that the light was good, and he separated the light from

0 KS RI NFeneSsitaptet 1, NIV)

Thisquote originallyreferred tothe creation of the whole worldyut it can also be used

to describe theintroduction of renewable energy i the power grid.In this case too,

we have to shed more light on the issaad separate the light from the darkness or the

facts from the myths

There is ongoing debate over whethpower grids witha higher shareof renewable
energycan function properly and delivethe servicerequired Sometimes it seems the
consensus ithat they can work everywhere excefite Czech Republic. Czechs are i
deed verygood at finding reasons whijings arenot possible. Wecan identify many
obstacles: Frequency stability, overvoltage, line wires thermal limits, jumps and drops,
harmonics and distortion, disruption of phase voltage symmetry, short circuit behavior,
reactionto change in frequencyimpact on centralized ripple control system, voltage
fluctuation (flicker) etc.

When it comes to finding solutions to the problenm®wever,we are somewhat lagging
behilR® ¢ KS NI & dzf (i soddlifig ofthy iBipaEt@nyhe Czéch @weR gridf
phasingout coal by 2030are therefore essential, as they shed light on previouakslgk
territory.

Sothanksfora K §IKG | 0 (KS aBdhank®? TF ANKS {HEPRE( € A I K (i
GaSLIaNJiikS f A3IKG FNRY (GKS RIN]JySaaodé

WANN . SNIy2@aie
Senior Analyst, Partner & Executive
EKOWATT CZ s. r. 0.
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METHODOLOGY

1. INTRODUCTION

Introduction

Just a glance into internati@al energy statistics reveals a clear trend of past years: ele
tricity production from renewable energy sources is rapidly growing in all majoroecon
mies across Asia, the Americas and Europe. Installed capacity of renewables has in some
countries grown saignificantly that they can now cover a substantial part of all electri

ity needs. In 2017 renewable electricity already made up 30 % of EU electricitycprodu
tion, a doubling from 15 % in 2007. Nearly all of this growth has come from wind, solar
and biomas, which made up a very low share of production a decade ago, whereas
hydro - the more established source of renewable electricitgmained stable.

This trend also has implications for the management of the power grid. The conventio

al logic of the powed @ A G SY FSIF GdzZNBR Wol aSft21RQ LJ326SNI &2 dzND
basic electricity demand and additional sources adjusting their production to cover var

able electricity demand throughout the day. The new logic of power systems with high

shares of wind andadar energy production features variable electricity supply by wind

and solar, accompanied by flexible power plants, demand side management and energy

storage.

The Czech Republic is lagging behind this trend so far. In a time of rapid transformation
in mary electricity markets in Europe, Czech decision makers both in governmental bo
ies and key energy companies continue to hinder the energy transition while highligh
ing the security of electricity supply as a main obstacle. However, policy assessments
alsoprovide absolute clarity on the need to decarbonize the power sector in the Czech
Republic in order to address climate change. In other words, despite the Czech- Repu

é .

1

fAOQa f2y3 KAAG2NE 2F St SOGNROAGE LIMPRAzOGAZ2Y TFTNRY

have to be shut down (only a small part of CHP with a preference towards heatcprodu

tion should be considered operational in 2030). There is simply no way to comply with

the Paris Agreement on climate change while continuing to operate coal power plants

d4dzOK a t26SNIReé&x tNHzySn2@ 2NJ / KOl fWwiAOSd ¢KSAS
ever, not be seen as a utopic vision for a distant future. About ten European countries

including the UK, Italy or France have already put forward concrete plans to siep p

duction of electricity in their coal power plants within several years or a decade. The

Czech Republic is simply not among them yet.

One challenge on the road to making this possible will be to gain the support of Czech
grid operators. While it should cge as no surprise that a coal phase out is generally not
favoured by the owners of the plants, the grid operators join them vocally with their
concerns. This caution is understandable as the power system in the Czech Republic has
seen only gradual change past decades and provides a reliable service to customers
with few exceptions, for example in cases of extreme weather events. The idearef reti

ing power plants that have served as the foundation of the conventional power system

N
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is viewed withskepticismby grid operators that are managing a complex technicsd sy
tem and are not yet familiar with this new operating paradigm. It is seen as even less
attractive that this foundation may be largely replaced by energy sources that can no
longer be fully contrdéd by the grid operator, but rather produce electricity according
to prevailing weather conditions.

On the other hand, there is no doubt as to the potential of the new grid management
techniques enabled by advanced IT infrastructure and smart regulafgperiences
from countries with high shares of renewable energy sources demonstrate that security
of supply does not have to be compromised by the uptake of significant power grodu
tion from wind or solar power plants. In fact, renewable energy giantsGi&emany or
Denmark also score best regarding average length of power shortages affecting their
customers.

Nonetheless, as the management of the grid is always system specific, the question of
how to maintain the stability of the power grid in the Czeclpiic if all coal plants are
replaced by variable renewable electricity sources remains open. Will electricity grodu
tion fall short on cloudy winter days with no wind? What will happen to the system on
sunny summer days with a large supply of solar el&tt but limited demand? Prog

ing a full answer to these questions is of key importance in developing support for the
energy transition in the Czech Republic from all relevant stakeholders.

The stability and security of power grids has been at the hafedty S NH & Worldinr A O & Q

many years. The company has developed software that enables modelling atgimul

of the power grid operation. The results of the modelling are promising: a closure of coal

power plants by 2030 and utilization of the potentidirenewable energy would not put

the Czech power grid (as part of the European network) at risk. Moreover, the Czech

Republic would remain a net exporter of electricity although with reduced amounts. The

supply of electricity to end users would be secuexn in such an expdonal case as

0KS dzy LX ' yYySR aKdzi R2g¢gy 2F | 0f201 2F (KS ydzOf St
source in the power system.

The Czech Republic is neither pioneering in the integration of the renewable energy
sources nor in shuttingown its coal fleet. The share of renewable sources in electricity
production remains below the European average, while the share of coal is significantly
above the European average. In fact, at times Denmark already supplies more than
100% of its electrity demand from wind power for entire days, and the UniteddKin
dom ¢ the cradle of the industrial revolutiog has already gone several days in the last
year with no coal production and plans to close all coal power plants by 2025. There is
nothing to preent the country from a gradual replacement of the existing coal dapac
ties with cleaner alternatives. The simulation presented in this study reaffirms this point,
by confirming that grid stability is not a barrier to the decarbonization of the power sy
temin the Czech Republic.

www.energynauticscom 6
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2. SCENARIAGND METBBDOLOGY

2.1 SCENARIO

2.1.1 Installed Capacities

Thebasicscenario investigated in this study for the year 2030 was based on data pr
vided by the Czech Renewable EjyeAssociation. The main characteristics of the- sc

nario are the decommissioning of most of the coal fired power plants, which exre r
placed with increased renewable capacities:

1 6185 MW of lignite and 800 MW of hard coal fired generation are decemmi
sioned;

1 1825MW of lignite and696 MW of hard coal fired@CHRincluding industrial ga
tive power plantsyemain operational.

Moreover, nuclear power plants remain online, gas fired capacities are increased by
both new large CCGT installations as well as small gas fire(s€#TRle 1).

Tale 1: Installed conventional and hydro capacities.

Fuel and technology Installed 2017  Installed 2030 Comment

Nuclear, VVER40/213 2040MW 2040MW  Old Soviet baseload units
Nuclear, VVER

RS 2250MW 2250MW  Potential for sone flexibility
Lignite 8707 MW 1825MW CHP with preferred heat remain
Hard coal 1496 MW 696 MW CHP with preferred heat remain
Natural gas CCGT 1043MW 1646 MW Includes some CHP

Natural gas OCGT 170 MW 170 MW Peak / backup plants

Natural gas small CHP 220 MW 980 MW Dispatched by heat demand
Hydro 1090 MW 1142 MW Both runof-river and reservoir
Pumped storage 1130 MW 1175 MW

! ist of decommissioned units can be found in the annex.

www.energynauticscom 7
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Renewable capacities are expanded and distributed to the regions as giVahle?.

Table2: Installed renewable capacities in MW per region.

Region PV Wind Geothermal Biomass Biogas

“ais0] e 361 170 25 135 30
+@328AY L 460 486 0 72 52
YI NI 20 NBé 218 116 0 27 9
YN f 23SKNI F 324 28 0 54 31
a2 Nl gajz2af ¢ 366 225 0 36 28
{inSR26S4a] e 864 158 0 72 89
ht2Y2dz01 é 355 130 0 99 34
t I NRdzo A O & 313 134 0 63 32
tfl Szale 537 82 0 54 41
Praha 34 0 0 0 2
Libereclé 215 45 25 45 10
WAK26Sale 687 149 0 81 50
WAK2Y2NI g4 502 291 0 117 57
%t Ny aqe 265 35 0 54 20
Total 5500 2050 50 900 485
Installed 2017 2100 278 0 426 332

2.1.2 Grid Status

It is assumed that theeinforcements currently projected by CEPS will be inmgleted
by 2030’ These include most notably the following EU Projects of Common Interest

1
)l
)l
1
)l

PCI 3.11.1: New double circuit 400kVEnE G 6 SSYy +SNY Snj2@ I yR

+Nii1 209

PCI 3.11.2: New double circuit 400 kVin& 1 6 SSy N0 1;29 YR t njSOGAOS

PCI 3.11.3Additiond 400 kV circuit on existing liieS G 6 SSy t njSQG A OS
PCI 3.11.3: New double circuit 400 kV lieéweenY 2 6 Ny | YR a NNR @1 |
PCI 3.11.3: Additional 400 kV circuit on existingbigisveena N NRI@ R 2 SO NY

The phase shifting transformers recenthgtalled in Hradec substation remain in oper
tion and govern the flows on the BEZ interconnector to reflect the actual tradelvo

umes.

For the

rest of Europe, it is assumed that the long term projects specified in the Ten Year

Network Development Plan (INDP) 2016 published by ENFS@re built and comrsi

? hitp://www.ceps.cz/en/transmision-systemdevelopment

3 http://lwww.ceps.cz/en/pciprojectsof-commoninterest

YR Y26N
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METHODOLOGY

sioned by 2030.For the sake of sensitivity analysis, a more pessimistic scenario is also
analyzed in which the German HVDC corridors linking northern wind generation and
southern load centers are assumtdbe delayed until after 2030.

2.1.3 Operational Regimes

Considering the operational regimes of the dispatchable power plants, the following
assumptions are taken:

T

Biomass and biogas power plants are dispatched according to tadeezand
curve (sed-igurel), but can provide some flexibility if necessary.

Small gas fired CHP are under a must run constraint for the winter months, but
may be dispatched for electricity only in summer.

Most of the remainingcoal units, ca. 125MW of (old)lignite and 410 MW of
hard coal are operated as CHP but may be oper&bde electricity production
without heat demand (with less efficiency).

Three out of four blocks at Dukovany are always operating, resulting in a-utiliz
tion rate of 75% for the enta plant.

The two blocks at Temelin have planned downtime for maintenance during low
demand periods in summer (individually, never both at the same time), resulting
in a utilization of 80%.

Nuclear units run at full power, but the two more modern block¢ & YSt Ny Ol y
reduce their output by 60 MW each if absolutely necessary.

* http://tyndp.entsoe.eu/

www.energynauticscom 9
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Heat demand in p.u.

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00
Q

Figurel: Per unitized heat demanger month. [1]

2.1.4 Neighboring Countries

Renewable energy development in neighboring countries can hasignificant impact
on cross border transactions with the Czech system. The following scenarios svere a
sumed for the neighbors:

1 Germany: NEP 2@lscenario B for 2025 onwards with high wind and so&r ¢
pacities and a partial coal and full nuclear ¢]t

f 1dzaiNAFY {GNRYT dZldzyFi mAGSNNBAOK wnon &a0Syl NA:
capacities on top of the currettydro/gas fleef3];

1 Poland:Reduced coal capacitiegith high wind capacities according to Forum
Energii 2030 scenar{d];

9 Slovakia: Business as usual with the 2017 generator fleet continuing operation
and slight increase in wind and solar capacit

All other European countries were modelled with timstalled capacities from Gree
LIS OSQa 9y SNHeE wS@2[BldziAizy NBEFSNBYyOS aOSyl NR?2

www.energyrauticscom 10



METHODOLOGY

Table3: Variable renewable capacities in neighboring countries.

PV installed Wind installed
Germany 55 GW 63.8 GW onshore, 10.5 GW offshore
Austria 12 GW 7 GW onshore
Poland 2GW 9 GWonshore, 1 GW offshore
Slovakia 1GW 1 GW onshore

2.2 MODELS AND SIMULAN®

2.2.1 Grid Model

The European Grid Model is an aggregated model of the ERT&MDsmission grid (see
Figure2), representing major load and generation centensEurope as 200 nodgson-
nected bymore than 400 large transmission corridors. The model was developed during
studies of the entire European systemith the Czech system within the model highly
aggregatedAs the focus on this study is on the Czechdmaission griqsee Figure3), a
more detailed model had to be developed and integraitei the framework.

www.energynauticscom 11
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Figure2: Energynautics' aggregated European Grid Model

www.energyhauticscom 12
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Transmission System of the Czech Republic

Transmission Network 400 and 220 kV and Distribution System 110 kv

% T E %

CAPACTY OF TRANSTORVERS N 75

Figure3: Czech transmission grii‘j.

With detailed data not available, the Czech model had to be developed based on guldvailable data

such as the map given in

Figure3 (which specifies the line lengths, number of circuits and numberapisform-

ers) and data available through ENTBQineparameters had to be approximated using
the same standard parameters used in the development of the European grid model
(seeTabled). [5]

Table4: Line parameters fothe European Grid Model.

Reactance Resistance Thermal limit
Rated current [A]
mk Y mk Y [MVA]
400 kVOHL, single 2575.8 0.2460 0.0297 1695
400 kVOHL, double 5151.6 0.1255 0.0149 3390
220 kV OHL, single 1290.0 0.3010 0.0594 491
220 kV OHL, double  2580.0 0.1495 0.297 982

® Source: http://www.otecr.cz/statistics/longterm-balance/download/download

www.energyhauticscom 13
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For 400/220 kV transformers, a standard type with yOYconfiguration, a capacity of 500
MVA and 3% short circuit voltage was used.

The resulting model as given figure4 displays the characteristics of the Czech &an
mission grid as best as possible at the available data. Thelni® set up in DIGSILENT
PowerFactory and can be improved with additional data, should such become available
through the TSO.

Figure4: Model of the Czech transmission grid@0 kVlines inorange 220 kV lines in gre@nincludes the

grid reinforcements planned by CEPS until 2030 (see se@iarp).

The model is capable of calculating full Horear power flows using the Newten
Raphson method. However, in this study, a linearized approach negleatitage di
ferences and reactive power was used to approximate the line loadings within the sec
rity constrained optimal power flow (SCOPF) of the dispatch model described in section
2.2.2 Fullnoninear Newton-Raphsorcakulations were performed for a number of key
situations to confirm the validity of thinearizedmodel.

Phase shifting transformers are not modelled in the AC grid model {eselio detailed
calculations were performed using the actual AC modad)emuate the behavior of the
installed phase shifters, the flows on the lines through Hradec are modelled as leontro
lable (within the thermal capacity of the lines) in the DC model.

2.2.2 Dispatch Model

ENAplan is a software tool developedhiouse by Energynautidhat uses a linearized
grid model (in this case, the European grid model with the more detailed Czech model as
described in sectior2.2.1), unit commitment heuristics and linear optimization te-d

www.energyhauticscom 14
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termine the least cost generatalispatchpossiblewithout violating applicable grid ¢o
straints’ and generator parameters

Linearized grid models are chosen for such optimization calculatitwsh for the lire-

ar optimization with heuristics chosen here, as well as for more advambegtinteger
based toolsg as optimization algorithms require convex solution spaces. A full power
flow calculation typically uses the Newtd&aphson algorithm, which is iterative, as a
single step calculation of the highly ndinear problem is not podsie. Such an iterative
process is inherently incompatible withptimization problems, as it not only requires
high computation capabilities, but also impacts the shape of the solution space.

For a linearized model, voltage differences and the resistivepomients of lines are
neglected. Both are usually rather small, the flows of active power are mostly-dete
mined by the reactive component of the line impedance. The power flow problem can
thus be linearized with relatively little error to form a simple hnamatrix, the Power
Transfer Distribution Factor (PTDF) matrix that specifies the impact of a change in power
balance at each node on each line in the system. This, however, also neglectsche rea
tive power flows. Reactive power is typically provided llgcaas reactive flows cause
unnecessary grid losses, it is thus permissible to neglect it in the first iteration. Typically,
the results from such a linearized calculation are loaded into a fulllinear model to
check for additional reactive power cdrants (this is the way utilities and grid oger

tors also operate, and some outlook is provided in sec8l). A full nonlinear power

flow thus always a mukstep approach relying on operational experience and heuristics

[ AYSEFNART SR LIRoSN Ft2g OFftOdAFIiAz2ya |NB 2FGSy NBF
properties resemble a DC system (while it is in reality a simplified AC system tlkat is b
Ay3 aAYdzZ I iSR0OX gKAES (GKS FdzA t XFdamk dA dS LINROSaa
ENAplan providethe following outputs:

1 Unit commitment and generator dispatch optimized for least cost;

1 Renewable dispatch and curtailment (if allowed);

1 Line loadings and necessary grid reinforcements;

1 Cross border trades and flows, including entp@f renewable energy.

Conventdbnal generators with more thanOIMW output are listed individually according
to fuel and technology, with the single blocks of large power plants being treatedias ind
vidual units, and connected to the node closest to téal location.

e ENAplan is capable of full-f) safe security constrained optimal pewflow (SCOPF) dispatch for smaller
systems. For the European system;l{nsecurity is approximated by limiting allowed line loading to 70 %,

which has proven to deliver reasonably accurate results, see sefon

www.energyhauticscom 15



METHODOLOGY

Technical properties such as startup and shutdown times, minimunang downtime

and allowed ramp rates during operation are assigned to each cate§elgcted data is
given inTable5. The given ramp rates arda¢ maximum ramp rates, which especially
large fossil fired steam units cannot sustain all the way through their allowed area of
operation (see Figure5). Moreover, Czech nuclear units acensiderablyless flexible
during real opeation than indicatedn Table5, mostly running at full oyput power (see
section4.1for more information and recommendations on the issue)

Table5: Modelling parameters forconventional generation.

ntyYlEe Pmin Tstart, cold Tstart, hot
[% of Pn / min] [% of Pn] [h] [h]

Lignite CHP 1¢3 50¢ 60 5¢8 2¢3

Hard coalCHP 2¢4 25¢ 40 3¢5 1¢2
VVERLOOO 4¢6 25¢ 50 12 1¢2
VVER440/213 0.5¢1 80 24 -

CCGT 7¢9 25¢ 40 1-2 0.5

OCGT 12¢ 15 40 0.25 0.1

1.05

0.95 —[/ // //

0.9 7”// // Nuclear BWR
085 | / / / —— Nuclear PWR
N / / —— Lignite new

. // —— Lignite old
0.75 V

Hard coal new

Power output in p.u.

0.7 == Hard coal old

CCGT modern

0.65

0.6

0 10 20 30 40
Minutes

Figure5: Ramp rates of different conventional units (Germanygtiveen70 and 100 % power output
showing different ramping speeds in different areas of operation

! Flexibility in VVEROOO reactors is very rarely used in real life, as they are used for baseload operation in
all countries that have them installed. It is theoretically possible to Hoddw with this reactor type,

though (even to below 80 % of rateditput). More information is provided in sectighl

www.energyhauticscom 16
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Generation costs were originalfgkenfrom [6]. Larger and newer fossil fuel fired power
plants were assumed to be more efficient and less expensive than older and smaller
units, with the sensitivities taken froif7]. For all of Europe, nuclear, lignitexd runof-

river hydro units come first in the merit order, followed by large hard coal and CCGT
units, small hard coal units and small CCGT, gas fired steam turbines and open cycle gas
turbines (OCGT.) The costs of reservoir and pumped storage hydroatienesre a-
pendent on the reservoir leveind in the range slightly below gfired peaking plants for

most of the year.

Renewable feedhn is given priority, with curtailment allowed in case of grid overloading.
Conventional generators go online accordiogyeneration cost, with the schedule being
determined the day ahead and based on the residual load, assuming perfect foresight.
Redispatch and renewable curtailment during the day are determined using optimal
power flow (OPF) calculations. Unit startuga® implemented as musun ramps until
stable minimum loading is reached, at which point the OPF optimizer takes ovesand a
signs a desired power output to the unit, which can vary at each step according to the
allowed ramp rate. Reservoir and pumped stge hydro as well as OCGT can be started
and shut down by the optimizer, while all other units are started and shut down éccor
ing to the predeterminedday-aheadschedule. Nuclear power plants are only shut down
for maintenance, but their output can be red by the optimizer within the allowed
boundaries.The generation for each node by technology is recorded as well as ttte loa
ing of each individual unif8]

2.2.3 Weather and Load Time Series

Historical wind speed and solar irradiation data from reanalgsishe year 2012 (ave
age wind and solar year in central Eurofie)1l5 minute resolution available at Bre
gynauticsis used in conjunction with standard wind amswlar power plant models to
calculate the power output for each node for each hour of the year.

Load time series data is taken from EN®5Qa (G NJ ya Ll NBy Oe LI I G F2N)V @

The load distribution inside Czech Republic was determined based on population density
(NUTS3 regions) and data published by ERL).

2.2.4 Simulation Methodology

The scenario is run two different simulations:

9 Simulation across one year with renewable curtailment allowed to estimate how
much wind and solar power would be cut&al with no grid expansion;

9 Smulation across one yeavith no curtailment and optimization of grid expa
sion to estimate the investments in the grid necessary without curtailment.

Both cases are simulated in hourly step across an entire year.

www.energynauticscom 17
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2.3 ANCILLARY REICES

The power system model used does currently not contain detailed models for ancillary
service provision. However, results can be used to provide some insight on possible i
sues arising with the decommissioning of the coal powered generator fleettland
transformation into a renewable based system.

www.energyhauticscom 18
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3. RESULTS

3.1 DISPATCH

3.1.1 General Results

The following results of the security constrained optimal power flow calculations in
ENAplan are found to be true independent of curtailment and grid reinforcement r
gime:

1 Very little curtailment of renewable energy occurs, and no grid expansion is
strictly necessary for renewable energy.

1 Czech Republic remainsrajor expoter of electricityestimate for net electrie
ty consumpton in 2030 is 65 TWtseeTable 7on page24). Exports go mainly
to Poland and Germany, while theport/export balance with Slovakia is almost
even, and slightly more power imported from Austria than exported there
(mostly sold on to Poland

1 In winter, exports are more continuous, while in summer, exports depend-mos
ly on the fluctuations of PV fedd. Congestions on the cross border intaneo
nectors cause a small amount of wind and solar curtailment.

1 The phaseout of coal generation capayitransforms the conventional power
fleet away from baseload coal and toward a more balanced generation mix with
flexible and miemerit generation capacityWhile nuclear power and biomass
continue to more or lesprovide baseload poweat a high level ofitilization,
gas fired units, reservoir hydro and pumped storage provide flexible generation.

3.1.2 Examples

In Figure6 through Figurel11, results from three different dispatch situatioris the
basic scenap without any additional reinforcements, but HVYDC in Germany in place)
are plotted. Each one is presented in two different plot styles:

T 69EOS&a4a 3ISYSNIGAZY NBLINBaSyGl (Az2e¢é aKzoa f2IR
ro up. Where generation exceeds load, exparccur. Pumping is represented as
negative generation.

f a5SYlIYR O2@SNI IS NBLINBaSydalragAaAz2yé aKz2ga 3ISYySNI
the load, exports are shown as negative, imports as positive generatiormp-Pum
ingis represented as generation exceediogd.

Figure6 and Figure7 show seven days in January. Except for the second day, where a
small amount of wind power is imported from Germany, Czech Republic generates on
average 1 GW more than it needs, exjing during most hours. Renewables and gas are

www.energynauticscom 19



RESULTS

actually able to cover the load alone, but the remaining (expensive) coal power plants
are ramped up to boost exports due to the high loads and low renewable availability and

correspondingly high prices ihe neighboring countries. Wind and solar power céntr
butions are small.
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Figure6: Dispatch for a week in Januargxcess generation representation
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Figure7: Dispatch for a week in January, demand coage representation

Figure8 and Figure9 show seven days in July with considerably higher PV-ifeedl

large amount of solar power is exported, while pumped storage does not act as bulk
storage for PV eergy, but merely provides some regulating capacity during the morning
and evening ramp, when CCGT units are started up and ramp up slower than the
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pumped storage, and during the evening load ramp, where units are being switched off
slower than demand goedown. During the low load weekend (middle of the graph),
almost no fossil fired generation (save the two industrial coal power plants) are running,
no pumped storage is engaged and a part of the PV power is exported.

Figure8: Dispatch for a week in July, excess generation representation.

Figure9: Dispatch for a week in Julgemand coverageepresentation.

Figurel0 and Figurell show seven days i@ctober with mostly little solar, but higher
wind availability. Notably, pumped storage is now used to store excess wind (and to
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