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Postulations

§ Demand response not wanted
§ customer participation does not work (,toy effect)

§ Is not economical

§ Economic potential of DR on household level at Central European
market conditions [Prtiggerl2013]

* Household loads: 1€ - 6,5€ / year (2%- 15% shifting)
 Heatpumps: 4,4€ - 110€ year

§ Real potentials are small
§ comfort comes for savings
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Motivation for Demand Response at Households
Need for flexiblity of the demand

§ Increase of (local) distributed generation el

(e.g..: PV, CHP, Wind)

a PV: ,grid-parity” N\ oo
~ ] )
a Impact on network: curtailment . ;

(Germany: since 2013: 70% Peak curtailment) Time

a Higher dynamics in the power system

a Higher unbalance due to forecast errors

Demand -
Optimzed

Time
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DR as a possible alternative to energy storage

Demand Response Resources

§ Electro thermal - thermal storage

& Warm water boilers

§ Cooling / freezers

§ Heating (HVAC) / Heatpumps (“Smart Grid Ready”)
§ Electric vehicles — electrical storage

§ Controlled charging
§ Public services — load shifting

§ Water pumps

§ Waste water / sewage

§ Storages a Buffer to meet energy constraint (comfort)
§ Load shifting for network operation is already in place for many years (ripple control)

§ Aggregation makes it more robust & Virtual Power Plant
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Potentials of DR
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Technical and practical potentials in Germany

Household 2020: ca. 3,8 GW

2030: ca. 6,0 GW
2010: ca. 1,4 GW

ICC WA 2020: ca. 1,7 GW

m Techn. shiftable power Displacable Energy

2010: ca. 2,6 GW 2010: ca. 8,0 TWh per year
2020: ca. 12,4 TWh per year

2020: ca. 5,6 TWh per year

2030: ca. 32,3 TWh per year 7-15% total
2010: ca. 5,0 TWh per year

electricity
consumption

2030:ca. 1,8 GW 2030: ca. 9,7 TWh per year
Industry 2010, 2020, 2030 load shift potential of 2,8 GW to 4,5 GW
Shiftable Power [GW]
10

§ 1,5 GW load shifting potential in g 1\

Germany especially through thermal 6 \

applications 4 \

2 - \\
Source: B.A.U.M Consult - Load shifting potentials o+
in small and medium-sized businesses 12:00:00 1:00:00 2:00:00 3:00:00 4:00:00
AM AM AM AM AM
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Potentials of DR
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Sectorial electricity end use in Austria (2012)
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Transport in Rohrfernleitungen
Textil und Leder

Bau

Fahrzeugbau

Landwirtschaft

Micht Eisen Metalle

Bergbau

Sonstiger Landverkehr
Eisenbahn

Sonst. Produzierender Bereich
Holzverarbeitung

Steine und Erden, Glas
Nahrungs- und Genulmittel, Tabak

Eisen- und Stahlerzeugung

.I 144

.- 441

I- 635

.- T63

- 792

o 079

— 1072
1318
I— 1.621
—1.656
I_ 1.673
._ 1.826
._ 2.130
I_ 3.999

Public and privat services +

Maschinenbau I 4.104 End users
Chemie und Petrochemie ._ 4,263
Papier und Druck I_ 4.614 /
Offentliche und Private Dienstleistungen | 13.3M
Private Haushalte |
0 2.000 4.000 6.000 8.000 10.000 12.000 14.000 16.000
in GWh

18.000

Source: Statistik Austria, 2012



Potentials of DR
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Categories of electricity use in households (2012)
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Warmwasserbereitung inkl. Hilfsenergie
Heizung inklusive Hilfsenergie

Beleuchtung

Herd, Backrohr

Kiihlgerite

Diffuser Stromverbrauch
Geschirrspiiler

Weitere Kiichen- und Haushaltsgerate
Unterhaltungsgerite (Fernseher etc.)
Gefriergerate

Zusatzheizung

Waschetrockner

Waschmaschine

Biirogerite (PC, Laptop etc.)
Unterhaltungsgerdte (Fernseher etc.)
Umwalzpumpe(n) Heizung

Sonstige relevante Stromverbraucher
Umwalzpumpe(n) Warmwasser
Kommunikationsgerite

Kichen- und Haushaltsgerate

Herd, Backrohr

Biirogerite (PC, Laptop etc.)
Ventilatoren, Luftent- und Befeuchter, Klimagerate

8%

I T
. 6%
I 5%

I 4%,
I 4%,
— 4%
P 3%
I 3%
— 3%,
I 2%,
— 2%
— 2%

1%

- 1%

| 0%

m 0,33%

m 0,25%

| 0,01%

0,00%  2,00%  4,00%

Hot water and heating

6,00%  8,00% 10,00% 12,00% 14,00%

Source: Statistik Austria, 2012
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Potentials of DR

Technical potentials in Austria
§ Practical load shift demand at households in Austria

: — _ _

13 Load I Load

"%  reduction increase

of |

vz

"E -4?'

T 35

gg %!

23 592

0§ 378

Y3

= 1.159

n;_ -236

600 =400 200 0 200 400 600 800 1.000 1.200 1.400
in MW
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Examples from pilots and field tests
Results and Evaluation of DR Potentials
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EcoGrid EU

—>
CONTROL ROOM

T50

System balance Price signal
l The market concept
allows regulation of

price signals without

direct measurement of
the individual DER
response

DISTRIBUTED
ENERGY
RESOURCES

& \ k " *DER = Distributed Energy Resources

ELECTRICITY NETWORK
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EcoGrid EU

QuUANTITY

MARKET-BASED DIRECT EcoGrid is an example of
ovesation 4 > coNTRoL a real-time market that
can be implemented in
the context of existing
““’; power markets.

DAY-AHEAD |

EcoGrid supports the
need for direct control
options on a very short
time scale

| BALANCING ||
MARKET

TIME SCALE

Days Hours MINUTES SECOMDS Now
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2000 Participating Customers in the Demonstration

/AN

200 households
with smart meters

No access to

specific
information

14.09.2015

AN AN AN AN/

Manual
Control

500 households
with smart meters

Receiving simple
market price
information

Must move their
energy consumption
on their own

PV

Automatic
Control

700 automated
households
with
IBM-Green
Wave

Reality equipment
and smart meters

All houses have
heat pumps or
electric
heating -
responding
autonomously
to price
signals

BV

|nii| .
ans]

AN AN/ a4

~ H

Aggregated Smart
automatic Businesses
Control
500 automated Up to 100

costumers with
smart meters

households with
Siemens
equipment and

smart meters Including small

business and
public
customers

All houses have
heat pumps or
electric heating

— responding Connected smart
to control appliances —
signals responding to

control signals
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Why a new model for evaluation?

§ Experimental groups not comparable to the control group due to differences
In group composition in terms of

§ Heating systems (type, wood stoves)
§ Usage (Holiday houses)
§ Market model is mostly nonlinear

§ Models systems response, but not statistically treatable

§ Therefore a purely linear model was used
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Sample reaction

§ Although linear, not always the same reaction to the same price due to
influence from the past

e
IRy
M A |

i1 WLl | AL L T
2Rl i I

|I — 220

\\ I

load due to DR [kWV]

I I I I I
03:00 0&:00 09:00 12:00 15:00
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Manual Customers

§ Tested in detail with very extreme control signals

§ Results for (for high prices)

0.6

§ Reference group used
for qualitative behavior

05}

04F

§& manual group (red)
and reference group (blue)

03F

0.2}

01}

Average Mean Centered Power

0.1

i 1 i i i 1 L
16:00 17:00 18:00 19:00 20:00 21:00 22:00
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Very high prices — customers claiming to use the FBS

1 T L LI T LI T L

= selected by ECN
0.8} s resl .

0.6 |

0.4+

0.2

Average Mean Centered Power
o

1 1

16:00 17:00 18:00 19:00 20:00 21:00 22:00

0.2
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Very low price — customers who claimed to use the FBS

0.7

S COMparison

s S¢lcted by ECN

0.65

0.6

0.55

0.5

Average Mean Centered Power

0.45

0.4 | | | | | | | | |
Q L L N \) Q Q Q Q
S S S S S S N S < o
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Hourly Response

_ Increasing RTP [kW] Decreasing RTP [kW]

o Best  Average Worst Best Average Worst
0,0306 0,0017 0,0000 10,0323 -0,0017 0,0000

0,0166 0,0013 0,0000 -0,0170 -0,0013 0,0000
0,3177 0,0147 0,0000 -0,2101 -0,0147 0,0000

0,1413 0,0089 0,0000 -0,1329 -0,0089 0,0000

No comparison feasible because of
§ Group composition
§ Degree of automation (simply blocking heat sources vs. home automation)
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Demand response potential in EcoGrid project

§ Normalized to group size (by average load) [%]

- Groups - Increasing RTP - Decreasing RTP - Increasing DA - Decreasing DA
% % % %
- Best - Avera - Best - Avera - Best - Avera - Best - Avera
ge ge ge ge
Semi-automated
-20,5% -1,5% 20,5% 1,5% -10,9% -0,5% 12,9% 0,5%
heat pumps (1A)

Semi-automated

electric heating -12,1% -0,7% 9,4% 0,7% -4,8% -0,4% 5,1% 0,4%
€12)

Semi-automated

heating with -6,1% -0,3% 6,4% 0,3% -5,3% -0,6% 5,2% 0,5%
aggregation (1C)

Fully automated

electric heating -41,7% -1,9% 27,6% 1,9% -23,4% -1,6% 23,1% 1,6%
2)
-2,6% -0,2% 2,7% 0,2% -12,5% -0,5%  10,5% 0,5%

14.09.2015 22



Replicablility and Scalabilty

§ household characteristics
§ customer demography
§ acceptance of automation
§ increase of comfort and savings
§ overrule
§ information / support
§ needs to keep it simple as possible

§ Need of ICT infrastructure (e.g. AMI, big data handling)

14.09.2015
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Project SGMS-HIT- Smart Grids Model Region Salzburg

{18} |T

+Design:tiralm

Flyover Pictures F

-

@ ® SVARTCRIDS Bysatzburghe aneg i cure SIEMENS

Modellregion 5alzburg WAt TorisatiNty Faseddch. B atgiiserng
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SGMS — HIT
Utilizing HVAC-Systems (heating, hot water)

§ Separate usage of energy from energy
supply
a Buffering with thermal storages

§ Use energy which is most efficient for the
grid
§ PV - Heatpump
§ Biogas (CHP)
§ Grid
§ District heating
a grid friendly
building

§ Comfort must be preserved.
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SGMS — HIT

Combined heat

and power plant
(68 kW therm,

30 kW elec)

Heat pump
(45 kW therm)

1400205 90m3 Hot water storage tank *°
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SGMS — HIT — Consumer Evaluation

§ Usage of Smart Center

§ Energy Consumption

§ EcoButton T T T T

§ Dish Washer shiftable m
§ Cooking not shiftable n '
§ Comfort for consumption

50 |

Durschnittlicher Verbrauch kWh

& N S & & 5 5 &
W« B NS 2 5 & & N &
$ & &S + &
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SGMS — HIT - Building Energy Management System

§ Results of load shifting:

Heat source

CHP

HP

Green

-6 %

+3 %

§ Cost savings:

14.09.2015

29



4 I I TEE?EEI#N"EJB%L'

Postulations

§ Demand Response aet wanted
§ Increase the direct use of generated energy (PV use, EV charging)
§ Keep it simple, no over engineering
§ Potentials in areas of low system reliability (little energy better than no)

§ |Is pet economical
§ Building energy management system (MPC) save up to 30%
§ Additional objectives with ,grid friendly* constraints

§ Real potentials are NOT small
§ Start with the ,Jlow hanging fruits®
§ Big loads with technology which is in place (ripple control, smart meters)
§ No comfort loss, even increase

14.09.2015 34
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