HEF:2018F2H 138 (:X) 10:00~17:50
G RAMARE HFHF v N\RKREEN .
ERERIEA /R—a i SFU VU™ Lik—)L

Fiats

"

¥ REBAEASEERETER
b EATEETA LSS

| // T OREBER N B




MN%E%@ EU%ﬁﬁ%uon.z)
BX M x5+ 4TEI /S : EEAS

BN EERIIAB., FNES (EU) DEFOERIEEEREZFRKANDBITHIERIZEAT
WBZEETRT . TRILXT—RIE (Energy Union) IZEET 22EEDHEEZX N XK,

(MBEPEIR. IRILX—NESIUVUBAEREIRILT—IZDOLNT EUIZBELERELT:
200D EEFTERTHARIAATH S,

(2)CDHEILFILITHET I MINEESFIARB ., FHELIIRILXF—RIBYT—1(new
Energy Union tour ) DBAIRZF K,

(BEUEARELTIE,. IRIILF—RIBDOBE. FI220200F DI RIILF—SURICETHBEZED
ERICAIT-EHREIIBFTHS, BERIRILF—HEBEXBRICERLTEY., BEED
BHREEHIZDODWTEREETH S,

(4)2015FEDEUDEEMEHHB E (L. 1990F L T22% VMot BEREETRILE—D
DEIZEBVTEH. 20FEDT—RIZENIX . EUDBRERIRILET—HEDIe YN BEERGET
*)[/#:_-G%OT:O

(B)E 2 —DEELEREL T EUESIEHRE. BERREEEDNRSI AL EREZ IV
ZEIZHRTILDDH D, 1990 FEMNB2015FEFTHMBICEUD EETE RL AL = (GDP) (F5EH U,
FORIZHEBEH F22% B4 L=, I BRI HS EEAS
&#$}:201752A. European External Action Service (EEAS. BRI x4V fTENRD) -

Second State of the Energy Union

VA m‘waV'

BRMATREBOT T A



Climate Policy

thallenges for EU energy and climate policy

European Energy Union with forward-looking climate change policy

ENERGY UNION
PACKAGE

Five key priorities for secure, sustainable, competitive and affordable energy:
* Ensuring security of supply for Europe

* Deeper integration of EU national energy markets

* Reducing EU energy demand

* Reducing carbon emissions from the energy sector

: * Promoting research and development in energy

W 315bn € Investment Package

ERERREREEOHEER
227% 15%

2030 Framework for Climate and Energ

<-40% | 227%

Energy Inter-
Efficiency connection

Greenhouse Renewable
Gas Emissions Energy
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EU power generation (net) by fuel (Mtoe
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Wind  85000MW  230,000MW s
Solar(PV) 26,000MW 150, 000MW ERATDOFRTKA(PSPP) IE. BN D,
it 111.000MW  380,000MW

aH(EH) 11*1100KW 38 8000 7 KW

e %4 2010 :

Wind 27,000MW  46,000MW
Solar(PV) 16,000MW 52 000MW
&t 43,000MW  98,000MW

aH(B#) 4300 5 KW 9800 5 KW

’
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EUEt:380000MW
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318800075 KW . ‘,
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) ; . Lifecycle GHG Emissions, g CO, eq / kWh
Transformation losses ("round trip") Source: Frontier Economics (2011)
A
90% 2,000 Renewables Non-Renewables
80% . Ly Cost . PSPP
' - degression 1,500
70% : until 2020 __ . CAES
Y\ turbine S et ’ . Fuel cell 1,000
60% Hydrogen
50% . 500
M Batteries 750
40% Flow battery 0 _Med_—
30% I ./
." ‘Zebra NaNiCl Size = typical plant size
20% !;Lead-actd ‘i
. _ battery ' G — Li-lons ®» 8 = ®
10% N\ s odum- g 9 © S
o sulfur “-E
0% > 5 2
0 200 400 600 800 900 L =z
Capital costs [€/kw/a]; Depends on lifetime, size of the storage etc. 3

Hydropower 85-95%

CCGT | 6%
Coal/oil fired plants | 40-45%
Nuclear _ 33%
Wind power _ 30%
Photovoltaic - 7-17%

CCGT Combined-cycle gas turbines
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Highest energy payback ratio

(0] 50 100 150 200 250 300
Hydropower ]
Windpower
PV
CSP
Geothermal
Gas-Combined Cycle
Brown Coal Energy Ratio
Reactors (KWH/kWHpqim)
Source: EURELECTRIC (2011), Life Cycle Assessment of Electricity)
Indicative cost New build
. ]
Y«———» Construction °® B Hydro
periods New build Thermal
o
®
’ k Modernization
i . @
. Modernization ) Nﬂ\n
@
New J L
build

Source:

Time period (~100 years)

EH: Statkrafttt B R HEE




Maturity of energy storage technologies

A
Flow batteries

Flywheel (high speed)

Superconducting m:&nsgtic Supercapacitor

energy storage (S

Adiabatic CAES
Hydrogen

Synthetic natural gas

Thermochemical

Capital requirement x technology risk

Molten salt

Ice storage

Lithium-based batteries

QbFIywheel (low speed)

Sodium-sulphur (NaS) batteries

Compressed air energy storage (CAES)

Residential hot water

heaters with storage Underground thermal

energy storage (UTES)

Cold water storage
Pit storage

Pumped Storage Hydropower (PSH)

Research and development

Demonstration and deployment

Commercialisation

Current maturity level

@ Electricity storage

 Thermal storage

Source: Decourt, B. and R. Debarre (2013), “Electricity storage”, Factbook, Schlumberger Business Consulting Energy Institute, Paris, France and Paksoy, H. (2013),
“Thermal Energy Storage Today” presented at the IEA Energy Storage Technology Roadmap Stakeholder Engagement Workshop, Paris, France, 14 February.
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Discharge Time at Rated Power

'Seconds

A

UPS - Power Quality

X —Z #5717 B B

T&D Grid Support - Load Shifting

Hours

Ng
Flow Batteries: Zn-Cl Zn-Air Zn-Br S +
VRB PSB  New Chemistries P PP ‘

Advanced Lead-Acid Battery

High-Energy
Supercapacitors NaNiCl, Battery

Li-lon Battery
Lead-Acid Battery

Minutes

High-Power Flywheels

& #l: Todd Heinrichs, “Energy and clime”, 2013, ,Sandia
National Laborationes

High-Power Supercapacitors

1kW  10kwW 100 kW 1MW 10 MW 100 MW  1GW

System Power Ratings, Module Size

BH— #HFAOFEBEWANOEERMBEE (MW)

Compressed Air Energy Storage
P ® 440 MW N
© Sodium-Sulfur Battery 0
316 MW

® Lead-Acid Battery
~35 MW

127,000 MW

+ Nickel-Cadmium Battery
27 MW

* Flywheels
N $¥) PSPP:Pumped Strage Power Plant
o Lithium-lon Battery ), Fumpe rage rower rlan

~20 MW & %} Fraunhofer Institute, EPRI

+ Redox-Flow Battery
<3 MW 10




The renewable family

Adjustable Base load
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(HSPP,fEwh)
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8501“ ZKWh
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’ 7= XH 141 H) IIz= 1 I-0ws i3t
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GWh

Details for hydropower  Water-value calculation (SDP) Market description

TWh Eurocent/kWh

4
4"/

7 ”.) o

¥ \ { 27/ " Market data

Aggregation | ,r\ _____ Allocation
4 (V0
, e,/eoe Weeks
J‘/'% - = = ~
\ “% 7 \ 2
e”'oo ( Water ) B

\ values , \{.é'
~ )

o == °
Stochastic weather &g‘”’ Market simulation (LP) N

X
Q'b

O Curtaiiment
ﬂ & Lo Tmmem
1000 {\
| =S
= e | gy
£
500 Scenarios  § Hydropower ¢ lutions
o Coal-power
o 1 AT ' }{"'._‘;\: Nuclear, Demand curve
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Simulation Procedure KAEBRORBERToa1—) T LIEEMH

Input data for Day-ahead dispatch y
— Power flow case description
— Generator capacities
— Generator cost curves (marginal cost)
— Reservoir levels (Hydro)

§ i
] i
] 1
1 I
[ I
] I
1 1
1 I
[ 1
] !
] 1
1 f |
[ 1
1 I
1 I
1 I
[ 1
] I
1 1
T I
] 1

I
1 I
1 I

!

— Reserve requirements ~ Real-time Imbalance Scenario
Time dependent
— Load series »—Demand forecast error
— Wind series »—Wind forecast error
1 — Inflow (hydro) J ! ;
\\___\— Water values ) ' J . / ' — L
Day-Ahead Market Scheduled Dispatch
& System Balancing
Reserve Procurement
Water Values
'/ \‘I /” --------------------- TTTTTTToTTTooToooooooes B \‘
. Results ‘ | | Results !
S Proc.iuctmn e . —Balancing Cost E
S Opt!mal produc.tlon dispatch E ' —Optimal dispatch of regulating objects :
v Optimal HVDC lines flow : ' —Optimal exchange of balancing services. :
i —Power Exchange between areas ) ' '

Norwegian University of Science and Technology
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Strategic Usage of Hydro
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T HD4EH - 1990~2015 174
EH DA - 1990~2015 75
EHDEME=8A(RL) 28 26

Figure 6.6 Net imports and exports of electricity by country, 1990-2015
15

Imports | == Netherlands
10
', s Denmark
5 y &3
" - : ' I s Sweden
g 5 2% ."‘ - . B Other
(O] -10 oooooo Net
imports/exports
-15
-20
25 Exports

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Note: Some countries can both import and export in one year. The chart shows the net imports and exports.
* Others includes Finland and Russia.
Source: IEA (2016a), Electricity Information 2016, www._iea.org/statistics/.
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NOK million

B— S#H#VLG<CEETHEBERBRETE— 1992~20254 (NOK. million)
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&%} :RED ELECTRICADEESPANA, Dep. Of Communication and Responsibility (2012),

Corporate Electricity Interconne

ctions: a step forward towards a single Integrated European Single Marke
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1. EHE% : Norwegian hydropower reservoirs offer the possibility for balancing the growing
wind power production in Europe
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CEDREN: B WP1: Roadmap for energy balancing from hydropower

B \WP2: Demand for energy balancing and storage

B \WP3: Modelling and analyses to develop relevant business
models

B \WP4: Environmental impacts of new operational regimes

B \WPS5: Social acceptance and regulatory framework
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B CEDREN Balancing potential study 2030
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