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= Basics of the electricity system

= Roles of different players

= How the electricity market works

= Network codes

= Grid investments

= End customers

= Flexibility

= Generation investments and capacity mechanisms

= Future topics
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Voltage = U

= Mobile phone charger
= (Car battery

= Electricity socket

= Medium voltage

= High speed train

= High voltage

Voltage

~ 230V
~10-20kV
~25kV

~ 110 —700kV
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Current =1

= Mobile phone charger
= (Car battery

= Electricity socket

= Medium voltage

= High speed train

= High voltage

=1A

= 300A
~16A
~ GOOA
~ 300A

~ 100 — 2000A

Current
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Power =U~* |

= Mobile phone charger =W

= (Car battery = 3kW

= Flatiron ~ kW

= Rue de Mot 24 ~ 300kW
= High speed train ~ 8MW

= Arcfurnace ~ ;oMW

= Berlin ~2000MW
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Energy = P*t

Mobile phone charger  ~ 1kWh

Car battery ~ 10kWh
Flat iron ~100kWh
High speed train ~10GWh
Arc furnace ~200GWh
Windmill ~10GWh

Comb. cycle gas turbine ~ 2TWh
Berlin ~14TWh
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Physical value chain for electricity

generation .| transmission distribution
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Electric
motor



http://www.ibiblio.org/kuphaldt/socratic/output/animation_3phase_motor_fast.gif
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3 phase alternating current

Phase 1
1.0 -

Phase 2

Phase3

~

120°

120°
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Synchronous zones in Europe

>
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Synchronous zones in China

B-t-B

%]
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SDPG Shandeng
North Power Grid
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Chaongaging tral China
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B

Fig.1 Conceptual Overview of China National Grid Interconnection by 2015

SOURCE: Cigre papers, ABB
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Wind
generator

How does a
wind turbine
work?

& und gearbax (D),
. Infiow of wind nﬁncvh spins the
Infiow of wiedt activates rotor (A} generator (G, resultng

| & blades (B) n electrical output

(B
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Solar
panel

Sunlight

Electron
Flow

Y %
n-type | p-type
A ?JQLQ \ silicon |l silicon

/
Junction
"Hole"
v Flow Sol.ar Panel
Diagram

© Ron Curtts & MrSolar.com
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Combined cycle gas turbine

Air intake g Exhaust

Electricity {

Exhaust duct

Generater Speed reducer

Gas turbine -
Electricity <=

Generator Speedreducer Steamturbine < =

Condenser Water supply tank
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Coal power station

SJPERHEATER u
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Nuclear power station

Steam G MPa, 280 °C

Steam
g&n{:r-::l-;:nr'

Turliree

"W iGanerator
= 30 e |

Reactar
aressure vessel

Secondary water

Condenser

Primary waler 320 °C
16 MPa
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Transformer
Primary Seconda
ry
winding
¥, tums winding
Primary
current
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Converter - easy part

currant

oF 4

voltage

DC Variable

time
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Converter - difficult part

30
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Converter - done

AC

£

T

GD—
-aD—

N

0o

AC




2 Low Carbon
Ukraine

Converter - built
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SOURCE: Wikimedia
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Good old times
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New roles

-—
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Regulator's life is not always easy

37



2 Low Carbon
Ukraine

Power market
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Power market
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Coal power in duty, gas power stations not in the money

Merit Order Austria/Germany 2014

load

D JE—

not in the market

35 €/MWH == -
10 20 30 40 50 60 70 80 90 100 GW
Renewables ‘ Nuclear ‘ Lignite ‘ Coal Gas Oil

1153 882" 440" g CO,/kWh
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Nordic electricity market without EU ETS

>
A Variable Demand ‘ &
generation £ .
Q
costs U] :g
0
(€/MWh) £ 5
o =
o 0
(']
£ o

Market price
for electricity

8
l
L <3

J £ g .

3 - 2 Generation
Hydro (average year) Nuclear = § capacity
O S (TWhla)
100 200 300 400

SOURCE: Federation of Finnish Technology industries 4
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Nord pool spot

EUR Elspot purchase / sales curves
Hour 00:00 - 01:00, 1. October 2006, System Price 55,10
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EPEX Germany/Austria

£MWh Price: 23.7400 €MWh  Volume: 45,114 MWh
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Day-ahead market coupling status in December 2019

1

&z *
¢ 4 REGIONAL DAY AHEAD IMPLICIT AUCTIONS
o
"’ 3/ North West Europe | Price coupling
. ) (NWE)

Poland Poland coupled within NWE
through SwePol- and LitPol -link

Czech - Slovak — Price coupling
Hungary-Romania

g Source: APX, updated by Matti Supponen
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Share of day-ahead spot trading of consumption in 2016

EPEX + Nord Pool (46%) _,

SEMO (100%) .
EPEX + EXAA),
(NL 30%

-

DE/AT 50%
BE 23%
FR 23% =
CH 40%

.
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Average spot prices (€) and electricity cross-border trade
in Europe (2016)

 —

—— Main commercial
flow direction

28,

39,4

Source: ENTSO-E Transparency
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Target Model

Coordination of
ATCs (Flow
Based and/or
NTC)

\/ Harmonised GCT

Y+1 | Price Coupling UiELLg) Bl o)

O
£
|_

Explicit Auctions | '
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Physical and/or Yy &
[ Day-A_he_zad Allocation -
Transmission Monthly Implicit Implicit S
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Delivery Areas to be launched at
first go-live

50Hertz Transmission

Amprion

Austria

Denmark West

Denmark East

Estonia

Elia System Operator

Finland

Lithuania

Latvia _

Netherlands

Norway 1-5

Portugal Delivery Area

France

Sweden1-4

SpainDelivery Area

TransnetBW
TenneTTSO
Virtual areas:
Finland-Russia

-
..

Morocco Virtual Delivery Area

Delivery Areas to be launched
at second go-live

Croatia

Czech Republic

Hungary

Italy (NORD, CNOR, CSUD, SUD,
SARD, SICI, ROSN, FOGN, BRNN,
PRGP,COAC,CODC, MALTA)

Second go-live:
Pol?nd(PL)
~|l:—gl1':;1“\i/;‘rtuaIArea(PLA) AUtumn 2019

Slovenia

Source: XBID project
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Balancing

MFRR

(Manual frequency
restoration reserve)

(Replacement reserve)
FCR aFRR

(Automatic frequency

(Frequency containment restoration reserve)
reserve)

by
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Balancing
Joint Action within LFC Area = Load Frequency Control Area = usually
Synchronous Area one country
Power / LFC Area
Frequency !
i‘t g reserve activation

Frequency Containment Process Frequency Restoration Process

FCR

ol o o ok Rl o ke ok Bl o kb

frequency

Time to Restore Frequency :=15min usually

CIALI T I ISR RNl Il YY)

occumence of the
disturbance

Source: ENTSO-E
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European platforms for standard products

= RR market —2019
Project Terre

= mFRR market — 2021
Project MARI

» aFRR market —2022
ENTSO-E aFRR project _

53

6th July 2017 / Bastian Schwark / A journey towards Pan-European ancillary services
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European electricity rules

Electrity Directive Electrity Regulation Agency Regulation

2009/72/EC O EC/714/2009 O EC/713/2009 O

@ =rinalised
O = In preparation

= Scheduled
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European electricity rules

Electrity Regulation

EC/714/2009 O

technical & operational market tariff
rules rules rules

. = Finalised

O = In preparation
O = Scheduled



2 Low Carbon
Ukraine

European electricity rules

technical & operational
rules

O O
T 11 .
HEHHE R
.-=Finalised‘ g% 3- §§ g g
e WG
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European electricity rules

market
rules

(

@ =rinalised
O = In preparation

= Scheduled

O
N 2.
Eg %z gé g g?: §§
es| o3 |3t 3|58 |52
L
O .“‘..
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European electricity rules

tariff
rules

’ = Finalised

O = In preparation
O = Scheduled

Tarlff harmonisation
guideline
ITC guideline

il
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Network codes

Operational
security and
emergency &
restoration

Gate closure
D-24h (1h/30min before Realtime
realtime)

years/ months
before delivery

Source: ENTSO-E
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Surplus and deficit areas (2008)

@ Surplus ‘

Deficit

@ Storage e 40
hydro _
Wind 20
@ production &l 45 2250 L0
30 80080110

25 35
@ 15 o5 10
10

D "

a
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Extension of Renewables in Germany

2000

@ wind
O Photovoltaik
O Biomass

2006

August 2013:

=  Number of units: ~ 1,3 Mio.
Source: 50HertzT, TenneT, - POWGI' = 72 GW
Amprion, TransnetBW, Google m Energy (2012) ~ 135 TWh

Earth
Source: Boris Schucht, 50 Hertz 62
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Duck curve
Net load - March 31
28,000
26,000
24,000
22,000 —
2 20,000 - / ‘m\—’ g\
:g : " {ockual] /
18.000 ————— . 2013 lochull /)
ey o
] - \ 2014 ramp need
| B/  ~13000MW
o - J gl
1 2019 V
2,000 2020
o overgeneration/
- risk
12am 3am e 9am 12pm 3pm som 9pm
Hour

Source: Caiso
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Renewables need flexible backup, not baseload

German Energy Transition

80 Gigawatt
A week in May 2012 A week in May 2020

60 A
Ny ndL AR

Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun
| PTG, E Estimated power demand over a
I Conventional l Wind ]
J Nuctear |somass  weekin 2012 and 2020, Germany
I Hydro

Source: Volker Quaschning, HTW



Voltage phase angles 400 kV, UCTE
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Prices &
flows

8.12.2011

Phase angle map from ELES
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Average unschueduled flows (2011, 2012, in MWh/h)

DK
Exporter ‘ %
Importer
Balanced

Avg. phv'ﬂ' fiow

MWh

Avg. scheduled flow
[MWHh /)

[ [ S—
Avg. unschediuded flow
[MWh/h)

Source: THEMA Consulting Group
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Matti’s proposal for electricity spot-market price zones in Europe

L

68
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Or is nodal pricing better?
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Overlay network?

Overlay network Virtuelle Erzeugung
P - Virtuelle Last
N

. Ny —
Transmission
380/220kV
Distribution
110kV
Distribution

Source: Klaus Kleinekorte in VDE DACH 2010 conference
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Strom-
autobahnen

=== Gleichstrom-Neubauten
=== \Wechselstrom-Neubauten

Kalten-
_ktrc‘hen

Har.nburg oSChwerin

bereits im Bau, genehmigt oder
im Genehmigungsverfahren

Rostock

Berlin
Hannover °

S e Magdeburg
Munster
Lauchstadt

4 Osterath Kassel ® o Leipzig

‘e Dusseldorf Erfurt y

~

—

Frankfurt o

Urberach Grafen-
- . reinfeld

- Mannheum ®/Nurnberg
Philippsburg e
GroB”

gartach w

Stuttgart ®
Meitingen

®
Munchen

16782
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Link between wholesale and retail

[ Winolesale market | Relail kel

and Traders

Source: FSR encyclopedia
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Smart homes ... the future is now!

Remote adapters & dimmers Outdoo tion det
Door & window sensors " motion detectors o
protect vour home & SAVE energy for maximum comfort & systems and electrical m
® & S
e

External electrical adapfers
Wall mounted transmitters
for remote control of
=]
Remote smoke detector
for maximum safety . £ ‘ i Room thermostats
IR .= i e 7 -
3 off ws — 'L i 5 R St P
Radiator thermostats
N e Central control unit
“ } vou are af home user-friendly
, or away @ automation system

Remote control g .
of diferent profiles Interior remote ... Floor heating

and actions : motion detector “ssl. . | controller
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Smart meters and grids
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Influence of demand response on the price

P1

AP

P2

SOURCE: Wikipedia
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Price based demand response

Week \v| Display calendar entries
} Day ] ( targe!
|| Consumplion forecast

KWh < Consumption 21.8.201% ) y

0,2

0,16

0,12

0,08

“ 11 l IIIII iliniininil

: - w 11111
0:00 2:00 4:00 6:00 8:0 10:00 12:00 14:00 16:00 18:00 20:00 22:00
1:00 3:00 5:00 7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00

Time

Source: Helen Sével system 76
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Load control = incentive based demand response

= .
21.0-

© © © © ©
L T - N B - - -

S
i

Electrical Load (% of baseline
o

©
™~

| 3 S 7 9 11 13 15 17 19 21 23
Time of Day (hour)

w—Baseline == «Efficiency Improvement o e e e oad Shifting

SOURCE: Quora
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Aggregators

Commercially active
Partial opening
Preliminary development

Closed

MNot assessed

Source: SEDC 2017
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Dispatching
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TSOs' Regional
Security Cooperation
Initiatives

All-TSOs contract to
define pan-European
coverage in 2015

Coreso

TSC

TSC + Coreso
TSC + SSC
Nordic

Nordic + TSC
MIBEL

MIBEL + Coreso
SCC

Baltic — initial stage

Source: ENTSO-E
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Investments
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Capital cost decrease is no physical law

Capital cost of major technologies 1970-1995

3,000-10,000
2000 -
1,900
1500 -
1000 4 1,000
500 750 - >
1970 1980 1990 2000  A1970-1995
Nuclear (in 2008%$/kW) +500%
= CCGT (in 2000$/kW) +/-0%

m==  Coal (in 2000%$/kW)

Source: Zachmann, Bruegel

+150%
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Levelized cost of electricity in Germany

in EuroCent/kWh, source: Fraunhofer ISE; March 2018

16

14

12

10 —

PV roof PV roof PV utility Wind Wind Biogas Coal lignite Coal hard CCGT
small large onshare  offshore natural gas
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The wind and solar value drop

Value Factor =
Market value /
base price

Each dot represents
one year

Source: Lion Hirth NEON

Value factor

Germany 2001-14

1.3 *’ ¢ Solar
19 $:t ® Wind
® -
1.1 ’00‘\9
\-"
1.0 S
¢ .0
-—l___.. i =
0.9 ~-~ 0 _
& E

Market share
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Who takes the risk?

Regulation

Ratepayer

—

Source: IEA Energy Technology Perspectives 2014

Modified by Matti

Auctions .
Feed-in
Feed-in tariffs
tariffs
| Quotas
Auctions Subsidies
‘ \ Market
based
Investors ]



€

Low Carbon

Ukraine

Capacity mechanisms

Price

Price

VOLL
pricing

Missing money

/ for all capacity

cap

\
SrMCpeqk

SrMCppig

SIMCpee

Optimal

longterm price
/ duration curve

- . . - - e = -

~

Load factor

Source: Thema consulting
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Capacity *

mechanisms

Christmas and New Year's
Addresses by European
Heads of States

President delivers speech on New Year's Eve/New Year's Day
President delivers speech at Christmas
. President delivers combined Christmas & New Year's speech
. Monarch delivers speech at Christmas
Monarch delivers speech on New Year's Eve/New Year's Day

No specific speech
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Who does what
(oris planning to)?

... regarding capacity mechanisms

- strategic reserve

decentralised { Rol/NI: Considering to

mechanism move to a system wide

central mechanism
_ (reliability options)
- system wide
central machanism
- capacity payment

Variation in models reflects the issues and political perceptions
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Capacity payment vs. strategic reserve in Europe

Per gross
g. _ Committed
, electricity .
Market Market design capacity
generated
MW
€/MWh
Ireland Capacity payment 20 7.000
Greece Capacity payment 9 11.000
PJM Capacity market 5.5 136.000
UK Capacity market 5 49.000
UK Strategic reserve 4 2.000
Spain Capacity payment 2.7 25.000
ltaly Capacity payment 0.5 -
Finland Strategic reserve 0.3 600
Norway Strategic reserve 0.2 300
Sweden Strategic reserve 0.1 2.000

SOURCE: Thema consulting
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Reversibility of capacity mechanisms
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Future is uncertain

HEY BOSS, HERE'S THE

ENERGY MARKET FORECAST

uP To 2050, L FINISHED
{T LAST NIGHT-

Source: PhD thesis of Stefano Moret, EPFL
“Strategic planning under uncertainty”

DOES YoUuR MoDEL RY
ANY CMANCE ACCOUNT FoR
THE SHUTDOWN OF ALL
THE NUCLEAR POWER
PLANTS, AS REPORTED IN
THE NEWS THIS MORNING *

by Outi Supponen
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Future issues
regarding
electricity markets

Design issues

Capacity mechanisms

New forms of trading (for
example peer-to-peer)

Local markets (including DSO
congestion management)

Role of DSOs vs. TSOs

Concepts for demand
response
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Future issues
regarding
electricity markets

Digitalisation

* Cybersecurity, Internet of
Things, Big data

* Who will manage data
platforms?

* More active control of assets
for balancing

94
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Future issues
regarding
electricity markets

Sector coupling

Power to gas
Power to liquids

Interplay between electricity
and heat

electrification of transport

95
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New relations between players

Data for public
purposes (monitoring,
research, planning,

etc.)
T

Independent Data

Supplier

Y

Right to customer data an
own clients

h A

Y

Service provider

Right to serve customer
Right to aggregate

Right to customer data an
own dients

F 3

D50 -
Manager
Right to measurement data Obligation to collect
on the own network measurement data and give
____________ access to it
| 'i A
|
| TSO balancing and : F——————==
L i
i D50 congestion | : Smartmeter |
| management | _—__1____J
| coordination system | T ——————1
|
S e | End customer :
" [ systems :
[ : {generators, |
| industrial |
TSO > customers, home i"’-
Right to measurement data on : automation |
balance responsible parties and | systems) |
balance service prowiders | | e ———
End customer
Right to consume, produce
and store electricity
_ heasurement data N Private data

Contraol signals
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Digi+3|ic:+inn

# ENERCY AD
e AR SET T G

Source: Poyry
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Sector coupling provides opportunities for flexible storage...

Power Generation Storage and Distribution Application
AT\ H20 = + 02 ——
(‘ R = —_— |« Joz —J { w2 Iy ——Lp a
o e s
Electrolysis CGH2 / LH2 Trailer l
- 2 " = Mobility
Rt /

—
e Heat
H2
: Ed Hydrogen
v Hydrogen Storage Pipeline 1 m Power

Gnd
Residential
§| o
(————1)

s -
Nuclear m NaturalGas l d:-b

T Grid CH4 Power Generation

B'— @ Methanisation 5

Fossil S &

12

Natural
"m' Gas Q‘.TID!I

Storage

CO2 Buffer Industrial

.. by integrating a growing share of renewable electricity in carbon-intensive industries
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Regulation vs. market

Grid tariffs
Regulated prices

Capacity
mechanisms

RES targets
Subsidies

Energy efficiency
targets

Mandatory ancillary
services

Priority dispatch
Emission standards

Emissions trading

Trading of green
certificates

Auctions for
generation capacity

Competition

Free price formation
Liquidity

Markets for ancillary
services

Right to self-
produce/-consume
and store electricity

Right to be
aggregated
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