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Status Quo of demand
response in Europe
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EU wide solutions to integrate renewable generation
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Demand Response and Demand Flexibility
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B Demand response describes a voluntary change in the electricity demand of individual end customers from their
usual consumption pattern as a result of

ke pz 2 g FLA T RS [ DE XKML in AR H SR ERINH B BSEE
changes in electricity prices over the course of the day (indirect load management) or
FHEBEMNZD (EEQEEE) 5
bonus payments (direct load management) with the aim of ensuring a balance between demand and
production.

RS (EERmERE) SERREKIIEERFE.

B Demand flexibility describes the implementation of measures to increase the flexibility of electricity demand, e.g.
through technical or organisational adjustments
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Main Benefits of Demand Response and Demand Flexibility
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B Benefits of load flexibility from the system perspective g MEZFABES TR DIEMAIFLE

Balancing electricity demand and supply /857 B SRR R
Support in case of network bottlenecks RS BRI E R F iRt i
Avoidar'1ce of pea-k- Ioafds - | B T IS
:gr;cr::f:;?Ognt?aiilri?ilelzatIon of electricity grids and 8= B R B R AR P
B Benefits from the user’s point of view B MWNAFPAERSTRE RGN
Reduction of electricity costs fR(E T BB 2%
Reduction of network costs B T EB ) 25 B
Additional revenue potential (e.g. system services) AR EEIMINGIE D (BIUWREFIRSS)
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Demand response in Industry — Status Quo Germany
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Demand response system already used
in Industry

oK N ZR G 2 T Tl gutag
Main application is peak load reduction
due to grid tariffs

BB AIE TN SRS
EERTT R

Demand response is mainly by
companies themselves

TN EZ R B Si#H T

Only limited number of sites is
controlled by network operator or
service provider
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Challenges for RES Integration
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Challenges due to high wind and pv generation X\BEFIA B S E T KAIPL Lk
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RES generation has strong impact on market pricesa] BE&REREIR X200 T /migMHig
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RES generation impacts on system operation costs of the

transmission gridA| AR AR HEBEMNAEFRIZITHARIE Y

B Delayed grid extension lead to higher system operation w1800
costs of the transmission grid L 1600
R A R S R Ar R R SIS T A A Z oo | R Gridreserve
M but balancing costs decreased substantially § 1200 FRNIfiE R 2
TS — L
{BE1ETR A KNE TP = 1000 RES Curtailment
. . . = FXFE
B System grid operation costs vary with yearly RES = 200
generation (e.g. in low wind years) - - ; )
\ ) — \ R i t
MRS THAME T BEERRRETEN S
(FIanTEDIXEED) ':'é 400 HTR=
B Commissioning of new lines decrease redispatch volumes E 200 I W Balancing/
SR S B : 110 Counterrading
—.:-3&97.7
=> congestion management costs become substantial part of Q'\?’ Q\y‘ % Q'\/ Q'\/'\ \,‘g

transmission system operational costs

IS SR AR IR RIEE SR EEHMEER * 2018: only until Sep. 2018 2018FERZ9 G4

Source: German Regulator 2019
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Challenges in distribution grids

Fic B & 2 A9k ik

Power congestions Voltage violation Sales of electric vehicles xEV (#sales/model)
EEJJfEZE B8 RN PRSI S BV (S B AL S
Voltage o
FBE 0 Ak
MV 1 = 20,000 m Unklassifiziert
P etk pa . S 15,000
f—%ﬁggﬁﬂ Voltage increase by PV = SUVs
LV PV, ?’foré_g"e, E- generation i 10,000 .y SRS
ey . ans = I

i3s3 Mo EFHAEEIEOEF £ 5000 =

e ™~ o W Oberklasse EHRE
PV, Storage, E- \ ) -l 0 '
MRy 2010 2012 2014 2016 2018 '™ Mittelklasse capz
. )I (" PV, Storage, E- ) 140,000 - Source: Fraunhofer ISl 2018
Mokilit P Spei “Férderu stz
p \ «:%\ﬁl Cable Length Zi< 120.000 - -ivmsgifﬁrféﬁg gflt(sﬂ;lizg;drer "9 (Sehatzung)
} © ISEA RWTH Aach
Y \ D T @ 100000 - .
=g | g 20000 L Installed PV-Storage systems
i P = LTRIDERIERERR
\. J ’M ﬂf‘a’ Voltage decrase by < 60.000 . '
= additional load I} 40,000 -
i winREslEEE W O
0

= new generators, demand and storage on distribution level 2013 2014 2015 2016 2017 2018
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Enabler for RES integration
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Direct Demand Response (incentive based)

BEHXEn (LAREAE)

Direct remuneration for participation

marketing opportunities (with incentives)
balancing market
system services (e.g., interruptible loads regulation)
in other countries
wholesale electricity market
capacity market
Technical requirements for participation (e.g. remote control, online
monitoring)

Frequently with the help of aggregators but also by suppliers

S5 E R
B (2%h)

g

RZAIRS (BlaneT iR EiET)
HFHEEZR

it A %

BEMH

SERIRRER (ATtiEEsl. & fj‘%”* s
BEESAEIBET, EEEEEIHNE

Examples for direct demand response EiEE KRNI AIZZ(H1

Prequalified capacity 3JEBEDRIBIETRE

Immediate curtailable loadsBPESRIBREITEL 999 MW
Fast curtailable loads|RiEa]EIERI T EK 1537 MW

Remuneration Bz

Tender result, up to 500 Euro per MW
per week pIus 400 €/MWh for activation

KinER, Ra=E8REJKES00RTINE
4ooE’XJT:’§Jb‘ELET (MRS57THE)

Tender conditions IBHREZ(LE

Capacity payments
BEMNE

Tendering Weekly, 2 times 750 MW (frequency

12FR and remotely controlled activation)

Duration 15 min up to 8 hours

EHWWSOJBEL (SRERFE S HIRYENE)
LAY E) 155 $hE]8/) AT

Between 5 MW and 200 MW

fE5Jk ELAN200k ELZ 8]
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Demand response applications — Industry

== 3K bz BY N Tk

M Large curtailment flexibility in energy
intensive industry

fERERE R KRR iREEKEY
NETQE

B Expected flexible capacity in 2030 about
3-4GW
it E2030FE RIFHATRIBRE /I3-4
GW

M 10 % of industry peak demand
TAPEKIEEARI10%

B Applications from aluminium industry

used for interruptible loads program

%é@% BT\ AT el T AR RRI R

in MW
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Demand response applications — Steel industry

2 K M g A9 vz A — — $X R 4T Al

B  Steel production with EAF

SR FREE AP RSN ER =
Batch process

#exAT

Production period 45 min
& ST il VL

Power: 100 MW

IR 100JKEL

spec. Electricity demand:

500 kWh/t

BYREEIFEK: 500 FEAT/ME
Capacity: 200 ton

F=EE: 2000

Yearly Production 200 t oven: 1,5 Mio. t
2000EFENPEFF=2: 1505
Stahlpreis: 500 — 600 €/t (2019)
PEXNFE: 500-600EK/MHE (20195F)

Typical Sales: 750 — 900 Mio. €
HEHE: 759280 Source: Stahl-Online

Electric Arc Furnance — Steel Industry
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Demand response applications — Paper industry
=K fz B9 M — — & 4R ATk

B Paper making process
IERIESTE

Continues process
AT
Production of basic material for
paper production (wood pulp)
FE-RTERRIELMER OR
#K)
Power: 15 MW (Refiner),
3 -5 MW (Grinder)
IR 15JkEL (ABWRH)
3-5JkEL (EBFR)
spec. Electricity demand:
> 2000 kWh/t
BUREENFENR: KT 2000F K
A /0

Paper industry — Refiner

1EZK Tl ——FEkRH1

X N N

Steam

i

!

Wood chips K&
Silo A6
Refiner ¥54& 41

Rotating disc jiE Wood pulp

wE AR

Water 7K

Sortieren

Mahlen
Eindicken
Bleichen

Source: VDP-Online

®

Paper industry — Grinder

&K Tl ——FERR

Wood sticks ANt
Wood shaft ZA<&H
Chains §&5%
Grinder EER
Fibre tray ZF¢EE2

CYONCACRC)

Wood pulp KB

Sortieren .,
Mabhlen e

Eindicken
Bleichen

-
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Demand response applications — Air conditioning

7= 2K M vz A9 vz A — — = 08

B Demand response with AC-units ZYERYEE KM
Aggregated control of AC-units TSIFER &1l
Adaption of temp. set points E}"_,m};lxxE,m

1

T, 09t
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= > 07f
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~ g 0
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EE © 02}
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) g

O 041

05 1 1 1 1 1
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time (hour) Source: Xiaoqing 2015

AgiE}-(ZAT)

(mlss) #4g power (MW)

Air conditioning load of 18,000 AC units 18000“‘ ﬂﬁlﬂﬂﬂ’]ﬁﬁ

28 l | .

261 uncontrolled AC load i
------ reference output

24 - actual output .

22 | = {EERIS A .
----- SEiEH

20 f —— SCFriaH

14t
12}

—
o O

6 [ l 1 [ 1
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Demand response applications — Commercial/Residential

FXKMm M AN A —— Ak /EE

B Heating and cooling main applications
for demand response

PAMERFNSIS 9B N RV K i

B New demand from electro-mobility and
heat pumps can be highly flexible

KEENENRRIFHNEEFRESS
EHIREE

B Availability depend on time of the day,
season and outdoor temperature
SCRMEUATFERNTRE, S5
INRE

9000
8000
7000
6000
5000
4000
3000
2000
1000

Maximum load shift commercial/residential sector 2030
F20305FmE Nl /AFEiE T e B IR AR

B Summer ™M Winter

5= &=
wd 2 T 2 |gz
SCc 2S5 zs'C ce TE g = 55
e 2 L 8 N o = _8 Ha % © f‘Eu g "E; j:j:l: o 1{ o)
O o 'IJ;J = 7? E 'lJ;_I._ EE: > ot o c ; ﬁ % o E
U Q _g (] _8 ()] o RSN S Z Q ﬁ& o
© S T o B x © =E= g O T 1B
o (&) Iy v, < T I 't;
il = s X o =S
S < < 7, 2o
M 7K
Commercial Residential Transport
— —_
Gk X=E iE
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Major option for sector coupling

2RISRy

- B 5 I

B Electricity generation is coupled by

KESLITHEES

power-to-heat =ERlEAAT
power-to-liquid &
power-to-gas BEHS

power-to-move  EBFERfIBE

direct electricity use B

m ToWATF:

demand sector  FE3K4MIE
heating sector  {HFA&Tia;
transport sector AZ1E@AM1E
industry sector T M4l

&etor New electricity demand after transformation 5 [GERAYEB TR Sector
Generation 1. Transformation 2. Transformation Demand
HEFEER ] —IR &I ZIRGEIR Usage (& ERER]

DirectEie s/ndustrial processes )
and products TALIIFERI™
Ambient heat Zp 155 e )

Power -to -
AN

Heat HLHI * Heatpurmp Room heatingeg, vk
Direct heating VR E1Z N7 Process heaf" ”IZFH';‘E

Tl Industry

* Electricity transformed in lighting or mechanical energyEB BEEEHE S EER EHANAE

+rfuel celll LRI /

© Fraunhofer ISI
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Flexibility of electric mobility dependend on charging infrastructure

R TFEEMIRENEDSE

M Electricity demand of PEVs without DR depending on available charging infrastructure
o KIm R AYTREE T B A R RV N KEUA T o] ARV EE Rt
B domestic charging B commercial charging W work charging M public charging

ZRBEFTEE FIFEZEEE T{EzeHE RIHFEE

3,000
2,500
2,000
1,500
1,000

g |

CUMIN) SIS & E E b d
electricity demand of PEVs [MWAh]
o

= oA

0 6 12 18 0

Private charging (S1)
FAANFEEE (S1)

6 12 18 0 6 12 18
Private/Work charging (S2) Public charging (S3)
FAN/TAEFREE (S2) LRI (S3) anhofer
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Flexibility of heat pumps and electric mobility

MRIBEFRZBRIREE

Electricity demand of heat pumps and electric
mobility provides large flexibility

AR SN ARZIBRIEE DB KR TR RE M 5°
Electricity demand grows continously until L6
2030 EJ2030F, BAFKRE—EIEK %E .
18 TWh for heat pumps (8 TWhs residential B ¥
buildings) %— 22
MER: 18TWh ((EEZR: 8TWh) ~5 .
12 TWh for electric mobility =
EEE)A5IE: 12 TWh e
5 % of total electricity demand
R BB FEKATS% o

Smart charging can reduce surplus by 25—-30 % in
2030

20305, EEEFTFEAIRD25-30%AIFE NER

Amouts of surplus still limited in 2030 (2 — 3 % of
RES)

20305, BRENABR (FTHEAEERERY2-3%)

( Mmo) THRNFH
Process load [GW]
o N H (o)) o0

0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18

Average vehicle charging, heat pumps and residual load in 2030
(with public charging, scenario S3)

20305 I ENRFREE. IR SRIGHE (AHEFE, S3HE)

mmm Commercial vehicles [SXX]Private vehicles === Residual load

FIFR% % Rsxtadar

summer B2 winter £Z= summer B3 winter &2
uncontrolled charging JF5F75H demand response Z=3KI[o v,

mmmm Electric vehicles ESSNHeat pumps — ===Residual load

EERNGE IR TR 1a

0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18

summer & winter 3 summer 5% winter 2
uncontrolled charging JF=FIE7REE demand response FE3K o i
| —

40

30

20

10

Residual load [GW]

( MD) THRAE

wi]
S

G

5

Residual load
( MD) aR
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qutlons Aggregation and

mMRARL%E. RagTl¥e

Centralised coordination of power system (Spot-

Market, Redispatch etc.)
BEARGNEFIE (EhHz. BRAES)

specialized platforms

Solution 1 J52<1:
Aggregation BB&

Congestions/ low

Solution 2 J5222:

Specialized platforms

LUFE

Centralized coordination E£5 13

Y -
I oo o™
9% \
alln <| 0D D
Specialized Specialized Specialized
platforms platforms platforms
%ﬂk\/é %ﬂk\/e %ﬂk\/é
<Y 'ﬂ e,
[aas\ |\/\ o
999 \
alln <| (M D
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Solutions: Smart meter infrastructure

MARL R SEBEREMIRE

M Smart Meter Gateway: Communication with three networks Communication channels via smart meter gateway
EREEREMX : 5=1MEEF EnaBEn e S R SIS
Local Metrological Network (LMN) — Connection between smart
meter and smart meter gateway (SMGW) Supplier R
AHETTEML (LMN) - EEERERRSEREERMNX (SMGW) _
Home Area Network (HAN) — Connection of smart devices with Othgr (_W'th
SMGW permission of
— s \f g O BB TSOs customer)
EEISI T (HAN) - R RIR TS MK Nz B =0 (QZEF
Wide Area Network (WAN) — Connection with Smart Meter Gateway iz&7g Smart meter - #E'-J)::'
Adm~inistrator or e>fternal market actors gateway
TR (WAN) - R EERES NS S EmALE S S
DSOs Gateway
4 Administrator
@%%ﬁ ZES=gEdA
Serviceyprovider
direct marketing
ARSI
BEESH
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Increase competition of marketers for RES integration
REMANTIBEREAMNEENRESED

B Large number of service providers for direct marketing of RES KB BARLREIEEENRSIRMHE
B New and established companies TR A0 E I ZAYTENY

B Wind onshore Solar Biomass M Hydro Wind offshore Total PV Hvdro
BEEJ:NJEE: XBEE YIS KEH ;@J:NJEE: 1 'l EE S Vi 7y EH
80000 e e AT = .

70000 Responsibility for RES integration _ in MW BBfi7: JKE
partly introduced in 2012 for third parties _
60000 O o Statkraft Markets 11,478 10,676 747 55
20126F, AJEAEERHMIEORIE = _
50000 EHETE=/FBL o Quadra Energy 6,500 6,100 380 10 10
40000 T = Vattenfall 5610 5,050 550 10
30000 Wind Energy Trading 4,828 3,346 1,474 5 3
20000 SR .
10000 Next Kraftwerke 4,080 591 2,034 1,313 22
0 BB BN mnsw MVV Energie 4,000 2,500 1,350
O O O O O O O O o o o o o Energy2market 3,537 1,073 691 1,708 65
(@] (V] (@] (@] (@] (@] (@] (@] (@] (@] (@] (@] (@]
BB RRIEZERD B=H Source: E&M 2018

Source: netztransparenz.de —
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Conclusion

7518

RES diffusion increase grid congestions and grid costs, surplus of RES generation occure

B BAEREIRAYY SKIENN T EB MIRERIEE MAAS, HINAIBAERERABRER

Demand response in industry provides large potential and can support security of supply

TP uERIFR RN T ERRNE D, BessFitg e

Flexibility from commercial and residential sector is provided by heating and cooling appliances
AAFEPRRFEEREHASHISIRERM

Sector coupling important option for decarbonisation and provides additional flexibility potential
=R RS ESC A ERERE, HIRMH TEMIRIEIEE ]

Surplus situations can be handled easier with heat pumps and smart charging

(ERAEREEREFERE AT LI A St I RIRIE
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Thank you for your attention!
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Explizit demand response in Europe

B

\

BA 8 B 75 SR M 1 oz

Dynamic development SR RE

Framework conditions adapted in many countries
ERFMERTTEER

Activities of aggregators have increased
BRE17/91EN

Discussion at EU level within CEER, Eurelectric,
Entso-E, EDSO, Smart Grid Task Force

RGN EE-SCEER, Eurelectric, Entso-E, EDSO,
Smart Grid Task ForceilH{ThER

Demand response strengthen by EU commission
(new directive and regulation on electricity market
design)

BRERZ RNIBEFHKIBAL (FTXIEBOMARTHE
AHSFESHIALE)

Development of demand response markets in Europe in 20
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Commercially active
Partial opening
Preliminary development
Closed

Not assessed
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Speed-up grid development and plan transmission grid

in medium and long term  JIREBMNAZRE, Mk <EIEE X

Expe;t?l_t‘j grldEcé’ong*estloner_OSO Grid development plan 2030 T——— %);f;r]tigljgjgfgc?; (sI;cegl))
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Indirect Demand Response (price based)

BEEXIN (ETFMNE)

M Indirect remuneration for participation via prices
BEMN TS SRYEET
B marketing opportunities THIZHLIB
Variable electricity prices BJZER{f}
Variable network charges BJZrES ) 2:FH

Individual grid tariffs for special customers

FIRIHRTIASS P RIERIREE R ER Y

Intensive grid usage (§19 (2) Satz 2
StromNEV) ZEERIR9E /{5

Atypical grid usage (§19 (1) Satz 1
StromNEV) JEERRYAYER K (5T

M No aggregators necessary, prices are transmitted

by electricity suppliers
MBREBENHNEEER, TERRENE

Indirect demand response — e.g. at gross electricity markets

BRI —GlaN{E S R D hisH

Market participation as part of electricity tariff

minsS{EARME—Ebo

Contracts with  e.g. Next Kraftwerke ,best of 96“ or ,,take your

variable tariffs  time“

FOEBEMBISY BIR0: Next Kraftwerkefd, best of 96“ B{& ,take your
time 1Tl

Direct market participation EiEmhin&5

Virtual power Large industrial customers with demand and
plants generation (e.g. VW, Daimler)

REFAER HESEKNBABRARETIER (AR, EiEE)
Market conditions Tig54

Tendering Day-Ahead Market: Daily auction, hourly bids
=R Helmiz: 88HB%E, S\adin
Intraday-Market: Daily auction, 15-min bids and

continuous trading
AR : BHEE, 159N, EERS
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Sector coupling — advantages and drawbacks

B E ——MBHNESE

Hydro Carbons (PtL, PtG) BiRS LS4

- Direct electricity use EBEEE %41 Hydrogen (electrolysis) & (EBf%)

Advantages

s

Drawbacks

Most efficient pathway in technical
terms

A RERE AT
In many cases the most favorable
solution economically

ZHERT, BRFEENRMISE

Expansion of grid and possibly storage
infrastructure needed

T iR NI — L R EReavE
1553

High RE shares require deployment of
measures providing flexibility

A BARERS DR SRt RIEHRY
UEIEE i

Not feasible in certain applications (e. g.

too low storage density, technically)
NERTREFEINA (10 oK
EESRAFEEZE)

Technically more efficient pathway than
hydrocarbons

RABHHERS SR ERAIEE
Easy to store, flexibility option for better
integration of renewables

ZTEF, XTI BERERA NELF
HYRIE IR

Construction of new and costly
infrastructure needed

RTINS RAVEMIRTE

Path dependency

Higher losses than using electricity
directly

BRSO

tUCEE sE BRI FREBIRRE =
Acceptance, because increased
deployment of renewables is necessary
ARy, REABINeT BAEREREAE
=EVER

(BHS, BHl&)
Infrastructure available in parts

=R EhdigiE A AR

Usable in large number of applications
with well-known technologies, existing
storage systems can be used
S5ENMRABEEX, alfERIEFE
FRAR

CO2 input necessary, limited potentials
for carbon-neutral CO2

FECOAMEN, RPFIRYENEIR

Less economical than other options,
energetically the least efficient of the
three options
HREMEIE T ERE, sElRAA
WEbRE

Acceptance, because the highest
deployment of renewables is necessary
a2, IR BARERESMAYER
EHEEVEN



Development of heat pumps, electric mobility and power-to-x
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M Until 2030 sector coupling grows
220305, BPIIMBERITERRE

E-Mobility up to 6 Mio. cars
resp. 15 % of car stock

FEERNSEEIAZI600)74, IJ_'T:—\.
FEERN15%
0= 4.00

Residential heat pumps up to 3
3 Mio. units resp. 10 % of £ 3.00
dwellings

FEARIAZF LA, E:&
5 EiX10%

PtX: Power to Gas and heat
pumps in heating networks

EE?JEI’JE%’T&%U% E3 IS
SR AT
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B Power to Gas @%UE\;

Y& =

Bm Power to Heat (Heating Networks) ER AL,

(F)

PV-Storage B DSM (Industry/Commercial)

FRMEE (T/rk)

B 2030 B 2035

JREFNE

J.

Status Quo (31/12/2016)
K (20168E12831H)

Scenario
B 2035 i7=

Scenario
B 2030 I7=
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