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Need for seasonal storage g  Phase 6. Monthly or seasonal
Key transition surplus or deficit of VRE suppl
c}:al lenges Longer periods of energy . —
surplus or deficit Phase 5. Growing amounts of VRE surplus 50%-~
Power supply robustness (days to weeks)
A T 4 Phase 4. The system experiences periods where 25..50%
e o T VRE makes up almost all generation
B 3 Phase 3. VRE generation determines the operation 15~259%
YRR AT pattern of the system
to operating patterns
Phase 2. VRE has a minor to moderate impact on system operation 3~15%

Key challenges by phase in moving to higher levels

of integrating variable renewables in power systems
[ World Energy Outlook 2018(IEA) ]
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A 10-Point Plan to Reduce the European Union’s
Reliance on Russian Natural Gas

Measures implemented this year could bring down gas imports from Russia by over one-third,
with additional temporary options to deepen these cuts to well over half while still lowering emissions.
Replace Russian supplies with gas

[“Action 2 |
from alternative sources

1 No new gas supply contracts with
Russia "
Impact: Taking advantage of expiring long-term  toeeseee Impact Around 30 bem in additional gas supply

eantracts with Russia will reduca the fram fon-Russian sources.
wontractual mimmum take-or-pay levels for

Ruissian imports and enable greater diversity

af supply.

Intreduce minimum gas storage
obligations to enhance market

Accelerate the deployment of new
wind and solar projects
Impact: An additional 25 TWh of genaration

Tratm new renewabile projects over the nexd
year, aver and above the already anticipated
growth from these sources, bringing down gas
use by & bom.

resilience

Impact: Enhancas the resilienca of the gas
system, although higher injection requinements
to refill shorage in 2022 will add to gas demand
and prop up gas prices.

Maximise generation from existing
(@ dispatchable low-emissions sources:
" bioenergy and nuclear
Impact: An additional 70 TWh of power
generalion rom existing dispalchalie low
‘emissions sourcas, reducing gas use for
eleciricity by 13 bem,

@ Enact short-term measures to shelter
vulnerable electricity consumers from
B high prices
Impact: Brings down energy bills for consumers
even when nalural gas prices rermain high,
making available up to EUR 200 bilion to
cushion impacts on vulnerable groups,

@W Speed up the replacement of gas oo Accelerate energy efficiency
boilers with heat pumps Ooof !mprovamanls in buildings and
Impact: Reduces gas use for heating by an Ooof| industry

additional 2 bem in ane year Impact: Reduoes gas consumption for heal by
close to an additional 2 bem within a year,
Ivwaring energy bills, enhancing comfort and
boosting industrial competitiveness,

Acton 10

Step up efforts to diversify and

decarbonise sources of power system
flexibility
Impact: & major near-tem push an innovation
can, over time, loosen the strong links batween
natural gas supply and Europe's elechmicity
sscurity. Realtime electricty prce signals can
unlock more flexbde demand, in tum reducing
egpensive and gas-intensive peak supply
needs.

Encourage a temporary thermostat
adjustment by consumers

Impact: Turning down the thermostat for
buildings” heating by 1°C would reduce gas
demand by some 10 bam a year,




> MAF oI HAOLX|7} SHOL K] BHS HE 5 YEE HA

o
24 2 4ol X = veratstol Zof M A|HO HHEER 51835
HAE2 1 doLix| el HEY, B84 dS Zetsto] A

=
o HA
© o

- HAIZh| 2™ AE

[

O O,

=
: S0l HA|ZHA Z(Real-time Market), 52 W A A| & (Balancing Market) 2 2 E

2
A
Jy
rad
o |
E
0
|.|-|

PN |

o

Making renewables fit for the market...

- Phase in balancing responsibility
- Phase-out prio]rity of dispatch

NEW : Market

Old : “produce
orientation

and forget"

7Y

.. and making the market fit for renewables

> Bring markets closer to real time: liquid and functioning
intraday and balancing markets

- RES able to participate in all markets, including redispatching

Forward market

Day-ahead market

Intra-day | market

Balancing market

years/months delivery-24 hours
before delivery

Weather forecast
accurac

gate closure gz time

[ Electricity market in the EU - Facilitating the introduction of renewables ]
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Renewables need flexible backup, not baseload
Estimated power demand over a week in 2012 and 2020, Germany

Source: Volker Quaschning, HTW Berlin
N o H i
SQo| 153U MY YHAY w3
8C . o ] Gigawatts
Fweekinviay o0 12,54 A week in May 2020 2058

7| X T ¢l (base load)

\ ) W
3 A (flexible backup)

Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun
Conventional Renewables
| I Pumped Storage Solar
I Coal and gas I Wind
I Nuclear Biomass
I Hydro

[ energytransition.de ]
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O
Net load
Rolling upda.tes of commitment and dispatch, by system operator,
of flexible resources offered in spot and secondary markets
[
: -
T T+30min T+3hours T+1 day
(2SAH) (B02H) (3A1ZHH) (SHFH)
T: HAIZF 2EAME T 712 44kt 2H|7F A0 LojLi= A[H)
I Net load?| E4d(MW) =440 S5t FAHE XS =EOfF 5t= HL(Mw)
© HAZE 2HAH(T)2 Net load
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DAM(Day-Ahead Market) : St 2 A| &

RTM(Real-Time Market) : A A|ZFA|Z
DAUC(Day-Ahead Unit Commitment) : SF 2 27 A 2
RUC(Reliability Unit Commitment) : M Z[ =&
RTUC(Real-Time Unit Commitment) : & A|ZHEHF A 2
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2AZFEEH Aol AF

™ 0|57 4+ (Two-Settlement) H &

© SIETAFL HA4FE2 SIFT/IFLE F4ola A7 HEE2 A IIHe=E
Lot AFER Aol 72 ZEt

© O|FHM = GHRHAAYXGEHIFE + (LHUK-SGFZHAFT)XUA LT}

< 0|FE Lt oA >

A LE7|7t ARH| 7} MEol StEFAITO| HEE T WAL APHOR 50% LHSHX| 2ot AL
714 SIETAIZ7IA 1009/ MWh, AA|ZEAE7HA 1502/MWh
A ZF7|o| ARH| 80¥{/MWh, St2F SHEE A 2%ZF 100MWh, 24X 50MWh

- O|S™HAA A LUH7|o] ™HAM 3( ) = 0¥l 100X100 + (50-100)X150 = 10,000-7,500
. E I% = 4 ooo% 50X80 = 4,000

HAZIANE = /= A B™7|9] =2 H|w
AANZHAE = Hd) = +1,000& OIQl (50X100) - 4,000 = +1,000
AANZANE = S (HAE) = -1,500H &6l (a)-(b) = 2,500-4,000 = -1,500
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