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Fraunhofer-Institut fur Solare Energiesysteme ISE
Our Business Areas
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Systemintegration
Research Activities Fraunhofer ISE

System Integration

Our System Integration services offer compre-
hensive solutions for a resilient and sustainable
energy future:

energy system analysis

system simulations covering power-heat
coupling, thermal and electrical storage, and
hydrogen-based energy systems

data management and data analytics
development and implementation of inter-
sectoral energy supply systems

conception of decarbonization of industries
transformation management for urban districts
conception and coordination of living labs
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Introduction
Key drivers for the transformation of the energy system

Greenhouse gases and climate change Energy imports and security of supply

-
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Geographic, October 10t 2020 | oben rechts: BBC, May, 22" 2020

oben: de.wikipedia.org/wiki/Europipe_(Pipeline)#/media/Datei:Europipell.jpg
| unten rechts: The Guardian, March 11t 2020 unten: www.wikidata.org/wiki/Q52353566
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European Green Deal
Fit for 55 — Reducing net greenhouse gas emissions by 55% by 2030

. . s :j ' *ﬁﬁ%
Overview of aspects of “Fit for 55": ﬁ L%
. . . **i}
= Reform of the European Emissions Trading Scheme ~ g,

_ : .. -7 s 89
= A new emissions trading scheme for buildings and transport = *x “$¢9§
= CO, border adjustment for individual industries /" How will the EU reduceiits

. . jﬁ // greenhouse gas emissions by \ =
= Expansion of renewable energies ! qElisas \
= Increasing energy efficiency ] 55% i
= Automotive: Fleet limits and charging infrastructure E@ X by 20307 :

T \
= Land and forest as CO, sinks % :
o= @ .
= — K
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https://www.consilium.europa.eu/en/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-transition/ ~ Fraunhofer
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https://www.consilium.europa.eu/en/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-transition/

Germany’s Federal Climate Change Act (KSG)
Germany’s GHG Emissions — Historic Data and Targets

B Waste & others w Agriculture w Transport  m Buildings  m Industry W Energy sector
historic data targets KSG (linear interpoliation after 2030)
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6 Historische Daten und VJS: Vorjahreschatzung (VJS) der deutschen Treibhausgas-Emissionen fiir das Jahr 2022.

Umweltbundesamt, 15.3.2023 = Fraunhofer

ISE



. Energy sources Energy conversion/storage Consumption
Energy System Analysis — Methodology . |
| sectors
Renewable Energy Model »REMod« I :
T@E Wind %% Wind turbine | @ I
W, 0—o [ — 1
:QE Sun Run-of-River PP Mﬂ : Vehicle battery :_ %
Strictly model-based techno-economic optimization of @ R an? PV plants i 9 : Transport
transformation pathways =N | ,
@, :zzitronmental Geothermics @1——? 1 Stgglggfyry : %
) ) @0’ Solar thermal : [ -
= Consideration of all end-use sectors and energy sources OF  iomass U™ eneray i %@ : Ay
5 :
. . . : | Pumped —
= Comprehensive simulation of energy systems (hourly mpors | NN | sogerr e [ﬁﬂ
time scale) (&) sotue I Al
. o . o (@ Electricity . | : Process heat
= Mathematical optimization: Minimize total : Power-to-liquid [ () : —_

. . . . . . Syntheti —
transformation cost in strict compliance with climate 1 s f13, conventional e : @9 — '—:g
protection targets (year by year; climate neutrality in e | g : e
2045) -~ Tl o

g Coal and oil @lr”ml:@ Fuel cell : % : : (HS\::t
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Fraunhofer ISE, Wege zu einem Klimaneutralen Energiesystem — Die deutsche Energiewende im Kontext % Fraunhofer

gesellschaftlicher Verhaltensweisen, Update November 202 1: Klimaneutralitat 2045.
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https://www.ise.fraunhofer.de/de/veroeffentlichungen/studien/wege-zu-einem-klimaneutralen-energiesystem.html

Energy System Analysis Transition

» Strong increase in electricity as final energy is a consistent

Final energy: direct vs. indirect electrification result of all scenarios and sySteiNEH
1001 » Varying results regarding direct and indirect electrification,
. L especially for heavy traffic and process heatin industr
Electrical applications today P y y P y
X 75-
é Electricity mainly in cars and
= e buildings
3 s
S R
o Energy carrier ' T S X el oy, ST ) .
= 501 elgiricit Scenario ' T~ 23; """""" Competition between direct
= ety — Technology mix and indirect electrification,
fossil fuels and feedstocks —  Electrification
) e.g. for heavy-duty transport
2 B hydrogen + e-fuels .. Hydrogen and process heat
o B heat networks - _ E-Fuels P
= )
o 25 [0 biomass Hydrogen in industry,
S . . .
w fuels in all scenarios aviation and shipping
District heating
Biomass (mainly combined
0 - heat and power and high-
__temperature processes)
2020 2025 2030 2035 2040 2045
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Figure translated from: Ariadne Kurzdossier 202 1: Durchstarten trotz Unsicherheit, 16.11.2021,
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https://ariadneprojekt.de/publikation/eckpunkte-einer-anpassungsfaehigen-wasserstoffstrategie/

System Analysis Transparency
Monitoring for National and European Grid: Energy-Charts
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https://www.energy-charts.info/charts/power/chart.htm?|=de&c=DE&interval=month
https:/transparency.entsoe.eu/ https://www.eex.com/de/marktdaten
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Transition Path

Extension of Wind, PV, Power Plants by2045 for the Net Zero System

= Wind, PV, Backup-Power Plants, starting
with Gas, converted to H2

= Strong growth-> grid extension essential -
flex management
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Total net electricity generation in Germany
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Residual Load , Year 2045
‘High Demand

Residuallast im Jahr 2045

o-| 1 . : .
%— ‘ ‘ = High negative residual loads
3 I 100 = Storage needed
21 ‘ = flex management
2] -0 = Integration of all sectors: transport/heat
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System Integration
Flexibility Demand for Electricity 2030 vs. 2045

Jahr 2030 Jahr 2045

= Battery storage at sommer >0

50
Increase flex demand 2030 to 2045
= Heat storage 2
40
= Elektrolysis P2X 2 I 35
30 29 8
=» Smart Grids allows flex Sommer 2045
management to balance the 20
0 <

TWh/Monat

o

system 14,8
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B Strom zu Warme - dezentral BN |Ladung der Stromspeicher ~ I Export
B Strom zu Warme - Warmenetz B Power-to-X B Abregelung
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System Integration using Smart Grids Technology

Storage and BiFlex Car

CHP fﬂﬂw | ve

{ ?

electricity

Thermal Storage: CoGen (CHP) and Heatpump

® Thermal storages offer the possibility to decouple thermal and
electric consumption

" Highest Efficiency for primary energy use

¥ Low Cost Storage as a water tank (1 kWh/KmA3)

" From heat driven CHP to electricity demand driven operation

" Flexible production: demand side management and flex tarif;
14
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electricity

PV-Battery Systems

Highest Efficiency for electric storage

Self consumption operation strategy already a business model
LCOE for PV-Bat Systems: 7-14 Cent/kWh in 2021, strong decrease
Grid services, ancillary services for grid support (voltage control)
V2G Vehicle to Grid allows bidirectional integration of huge storage
capacity
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Smart Grids, EV fleet Management
EMS Energy Management: Flexibilization to PV of dynamic Prices

Different use cases of Energy management

v’ Reduction of CO, emissions
= EV Charge management
= Increasing PV - self consumption
= Increasing efficiency

Charging from PV

Coordinated Charging t = 15:15 60 BEV No.
gl ) : 1 ) ) BEV No. = 1
_ _ _ _ . ., | | | | | .
soboo bbb e 2 ~ Connection Power =40kw 5 3
Conhection Power = 40kW 0 3 ‘ ; \ ‘
: : | [ ] 4
' 5 \ = 4 40 : s 5
40 ; s 5 = ‘ = 6
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o o T S RS- . 7 = m 8
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2 .
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Time of Day
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BiFlex Project

Phases
BiFlex- - Energy Sharing
A Industrie Vehicle-2-X =

V2I-Integration

of private EVs Integration of pivate

V2I-Integration _ Home to the energy

EV-Fleet Market Integration of balance domain
State-of-the-Art EV-Fleets , Grid ] Integration of Smart

Integration of private Intergration
. EVSs | SMGW
Integration into local Extended EMS with

EMS Multi-Use/Revenue
Peak management Stacking
through feed in

Meter Infrastructure

Use Case-Komplexitat

In-front-of-the-meter

= Integration of EV-Fleets into enterprices = Flex-Ressource for the energy System

16
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WBInspektion, Integration of EV to the Grid

Project

Ramp-Up Emobility Testing

pv-magazine published Market Overview New Methods to evaluate uni- and biflex
with 200 Wallboxen (19 bidirektional)? wallbox

Establish test procedure as industrial standard
Flex Operation, Integration

2030: 2045:
20 Mio EV 2 41 Mio EV 2 Comparability & Transparency
Eval of commercial WB
Eval of Solar optimized Charging
Bl (CE
W EV-bat Publication of Benchmarks
B EV_FC
------------ - -
Development Potential
Spec of wallboxes today without Identification of optimization potential

efficiency parameters

17
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https://www.pv-magazine.de/marktuebersichten/marktuebersicht-elektroauto-ladeloesungen/
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Power HIL Setup
Digital Twin Electric Vehicle — AC Charging

Hardware Interface HIL computer
Device . )

under Test = '\/\I ]

L]

Digital Twin:
Resistor - el. Vehicle
Emulation

Public grid \ /
18
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System Integration with Smart Grids
Communication Protocols: OCPP and Co

Electric Mobilit t and Communication
y SyStem Concep a d ISO 15118: Communication
. Mobility charging station €-> vehicle system
OCPPI)(Open Charge Po;lnt s ging y
: : : Protocol): Communication fleet collected by
. m integration with . . .
>ystem integration wit management €-> charging station direct user POS _ .... Communication
ICT: Standards for - ERELLL D $ — Power
i 1 Car Park E
Communication Protocols Ma:argear:]ent |_|’ﬂ1k |_|_|y1.LLL o
essential :
Fleet OCPP - wireless E;/CC g _’EIYPE L
management kel IN—G—— BESAHRE o~ @ [ = 7 SAN
generates * Modb — *
intelligent ftch —— Communication
charging time : : ithi i
tables for 43 E ........................ = ... @ within charging
different use £ -J Automatic - system
cases - k - = reactive components )
Micro Grid Meter PFC power SEPE FOD
Reactive Power compensation
within micro
Modbus: Measurement grid
data in micro grid : : _—
Interoperable system design with open communication standards
19
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System Integration in Energy Transition
Conclusion

The demand for electricity increases significantly — electricity becomes the most important primary energy

Flexibility management is essential, Smart Grids are used to integrate all sectors to the energy system.

Stationary and mobile Storage V2G will help to shift solar production to the evening

Grid management and dynamic pricing for energy will help to balance the system, storage is needed for
the next phase of the energy system transition
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Industry Workshop 19.6. at the Intersolar trade fair in Munich
Electrification of the heating sector? PV heat pump systems with battery storage

19.6.24 von 14:30-16:00 Uhr

A workshop for exchange, discussion and Registration he
- networking! mintegration«

Three components - heat pump, battery Language: German
and PV or PVT - as a complete system

Workshop PVT-KOLLEKTOR
HAUSHALT
Costs / efficiency / potential oo

Challenges _ / - O
Ecological footprint / systemic : ;

considerations
Technical insights, how does the hybrid 5 vovveeen HEZUNG
inverter work? ”l”
Project results of the 'Integrate’ project

BrNEEssEEEEEEssEEEEEsEEEEEEEEEEam

21
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https://www.ise.fraunhofer.de/de/veranstaltungen/industrieworkshop-systemintegration.html
https://www.ise.fraunhofer.de/de/veranstaltungen/industrieworkshop-systemintegration.html
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Many thanks for you
Prof. Dr. Christof Wittwer l | | | 1"_ e L
A d . ZuFraunhofer
Systemintegration » | T
christof.wittwer@ise.fraunhofer.de |
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