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A Blue Print Energy Concept
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Power Generation Germany 2021/2040 ?T
OLAR

Storage Challenge of Energy System Transition
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® Konv. Kraftwerke Solar ® wind Onshare ® wind Offshore

0 Gw

The energy stored by pump storage plants in a
year (ca. 8 TWh), is almost neglectable, even as
it is about 2000 (!) times larger than the current
energy storage of batteries (app. 3 GWh).

Good News:
Wind and sun complement each other over the year

Solar . ‘wind Onshore . ‘wind Offshore . wasserkraft . Biomasse ~ Heutige Nachfrage Zukiinftige Nachfrage (flexibilisiert)
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Electric Devices as ,Virtual Batteries” %AR

Example for Illlustration
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EU average, typical household, Study University of Bonn

https://ec.europa.eu/energy/intelligent/projects/sites/iee-projects/files/projects/documents/smart-a_synergy_potential_of_smart_appliances.pdf
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Sector Coupling for more Efficiency — 'S\/\
and more ,Virtual Batteries” O
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E Combine!
Consume or
generate J’
electricity ) B

while heating

)
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Electric Devices Heat Pumps CHP and Fuel Cells Electric Vehicles

* Load shifting as ,Virtual *  Energy storage by heat *  Electricity and heat lead *  75% less energy consumption
Battery” * 4 xmore efficient than gas heating «  Efficient heat use compared to gasoline and diesel

*  Control power possible * High feed temperatures *  Smart Charging - ,Virtual Battery”

Flexibility Potential

in sum about 80%!

(80% of electric demand may be
shifted in time using ,virtual batteries”)

Electricity efficiency gains for 80%
_ ) heating and mobility
] Heating/Cooling

shares at current energy
consumption
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Mobility

shares in electrified scenario




SoLAR - Living Quarter Energy Pilot \/\AR
Achieving Maximum Self Sufficiency @

f_l._-_._.!& Smart Grid ohne Lastgangmessung Allensbach - Radolfzell
Baden-Wiirttemberg
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SoLAR - Living Quarter Energy Pilot _S\/\AR
Real Estate and Flexible Devices O
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9 houses with 25 apartments
KfW 40 insulation standard (new buildings)
* 14 PV plants (Z 88 kWp)

= ————

llllllllllll"

.

i price signal Bl
from residual P

l l l l l l l . . . . . charging stations for electric vehicles

Nord « battery storages (SDH, KfW 40+)

%%%%%%%

flexible home appliances for 25 apartments
(e.g. washing machine, dishwasher, tumble
dryer, refrigerator, freezer)

potential: > 130 controlled devices

¥??¥¥?§ business model: tenant power

research: real-time tariff

existing building
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Easy Smart Grid: The Concept /1
Decentral Energy Management O
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WARMERUMPEE®N

Price Signal

_b’.. surplus
I\

-0 wvv ) WEIDER

out of grid state,
e.g. frequency, voltage, current ...
In SoLAR: power balance of \iving quarter

data from extern, if appl.

A price signal Bl is derived out of grid state and I
broadcast to the controls of flexible devices in real-time.

The devices react autonomously in a swarm. .
Price feedback loop is realized over grid state. »omart Meter 2.0
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Decentral Energy Management \J/

Scenario Summer (only flexible heating devices) O
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1

Balance Indicator

________________________________________________________

Calculated with power at grid

connection point. 05w mmbe e CHP
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Inter-Sectoral Energy Management
Scenario Sprlng (activation of all flexibilities)
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Using Household Fridges and Freezers
to provide Control Power
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1

. price signal: Balance Indicator BI (using model area control error, ACE open loop)
o dipi ' it L L it II l T . o s - ’.; ’ '.L_.‘_, it ; s TW‘JIL‘M."‘\
@ Balance Indicator @ Balance Indicator
=1 self stabilization (uniform power supply, no disturbance) **1" control power (disturbance modelled with aFRR Germany 2019)
m: ''''''' mﬂ: r n““*Ww{w“wrvhwv*”*wmu“,\v,w\ M\.“NW%
oleine, 1200.?\.M 0-‘J0‘J.19‘D4.WA'A 0101710, 08:00 AM 01/01/19, 12:00 PM 01/01/18, 04:00 PM 01701710, 08:00 PM 01/02119, 12:00 AM 010119, 12:00».4.M 0-1“01?1 Fridges and f'reezers Could provide 2’4 GW Control
® Disturbance Signal ® Disturbance Signal 0 :
power and 75% of control energy in Germany B S H
::: e BSH HAUSGERATE GMBH
. Fridge +Freezer Power cumm . Fridge +Freezer Powsr cumm
" power sum freezers / Easy
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@ Freezer Power cumm
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5 i i i i i i .
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@ Fridge Power cumm @ Fridge Power cumm
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From Demonstration

to Living Lab of Energy System Transition

Smart Grid ohne Lastgangmessung Allensbach - Radolfzell

Smart Grid
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Local Green Tariff
New Heating
Electric Mobility
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Dynamic Tariff

for Local Energy
Communities

to optimize grid
operation
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7 fiir Wirtschaft
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Energy System Transition Roadmap sl e
DSO Market and Cell Scenario SO AR
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Operation of sub cells in distribution The cell load profile (DSO schedule) is
grid with congestion indicator (Cl) - T EIRCEE AAZ= sl feshapedhithlocal priceNncentives:

voltage or section load
A

expensive

DSO

/ Local Energy Communities

@ i DSO balance group management 9

private grid

local grid
(Lv)

local grid
(LV)

R Control Power O
Price signals are “merged” - TSO O prowmerser \ - O% o
e Redispatch 3.0 O Prosumer 862 OO 5 o©
SCLAR €/'NRISE O o o

“smart quarters” “smart communities” target:
(sub market) (sub market) DSO price signal to incentive flexible prosumers
Regional grid forms a unit subject to prequalification
(“flexible standard load profile”)
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Energy System Transition Roadmap

Fully Integrated Market and Cell Scenario

private
grid

local grid
(Lv)

oL

Smart Grid ohne Lastgangme:

“Smart Quarters”
(sub market)

private

grid

local grid
(LV)

regional grid
(MV)

€U'NRISE

“Smart Communities”

(sub market)

private
grid @

local grid
Lv) regional grid

(MV) control zone
(HV) )
continental
grid

“Grid Pricing”
(integrated market)
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AR

g N

private
grid

local grid
(Lv) regional grid

“Copper Plate Status”
(continental price zone)
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(MV) control zone
(HV) )
continental
grid
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Energy System

'ollows demand

L
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Energy System

solarlago.de/solar-allensbach/ Pain points solved

Effective price:signals reflecting the true value of demand sicdeflexibitit
Technology neutrallty (partlupatlon of all resources en‘couraged) '

Dermand foliéwésource Swarm mtelllgen
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