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Background
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Political targets: ‘
* 50% of gross electricity

production from RE by 2030 (80% by 2050)
* Mostly by PV und Wind
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I Vasser 3.1%

Wind onshore 13,5%

I Wind offshore 2,7%
Biomasse 6,9%

Photovoltaik 6,1%
- Siedlungsabfalle 09%
Y Geotermie 003%

Kemenergie 11,7%
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Quellen: BDEW-Schnellstatistikerhebung, Stat. Bundesamt, EEX, VGB, ZSW; Stand: 02/2018 * vorlaufig
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Background

High penetration of RE &
grid balancing
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Energy Lab 2.0 Project # wemnovtz
Objectives & Challenges AT ';SSOE'”'U”
ULICH
Karlsruhe Institute of Technology J JJ:‘SC"U”GML”T“U“ DLR

Realisation of a research infrastructure with
simulation plattform for i.a. investigation of
novel solutions for grid balancing:

- Flash HP-Gasifier HTHP Gas- .
B‘°:3“ Pyrahais Cleaning + Synthesis Fuels/Chemicals

. . Conditionin
« Focus on smart interconnection of i Ag- :
plant components for production, . ”"“‘”?‘"""‘

conversion and conservation of Prad K
various energy carriers '

. . . Wind Park
- Sector coupling: linking of (Partner)
electrical, thermal and chemical ]

Geothermie-
energy ﬂOWS {;::::;] Consumers
' ;T::.;T::I Elec'l.:\::l,rsm Buildings
. . . . ] acility (F2J) Experimental Plants
« Potential analysis for increasing the ‘” idead

energy efficiency and flexibility of Smart Energy System Simulation and Control Center
plant network s A

- Smart Grid Lab and Real-Time Simulation

- DLR focuses on Thermal Energy Storage (TES) and its Power-to-Heat (PtH) extension
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Subproject: Thermal Energy Storage & PtH extension
Objectives and approach

Objectives

Design and implementation of flexible and energy-efficient
high-temperature TES with PtH extension:

» Elaboration of wiring concepts for PtH integration

* |ldentification of compact build-up with:
* Flexible operation management
» High thermodynamic efficiency
» High energy density

Approach

Development of various concepts for PtH integration
Elaboration of a compact modelling approach

Derivation of evaluation criteria

Simulation studies based on efficient modelling approach
Assessment of elaborated concepts

Selection of favoured integration concept
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Achievements
Development of concepts for PtH integration

Requirements

* Flexible operation management
» High thermodynamic efficiency
» High energy density

» High thermal utilisation of the storage material
* Low drop in performance during discharging

* Low material costs
... and more

Power-to-
Heat

integration

Concept development

o ) ] internal L
» Wiring concepts for PtH integration =
 Location of PtH component
» Material selection:

» PtH material: construction steel external =

« TES material: technical ceramics

k
cpres = 0.90 1% pres = 2300 kg /m?;

kJ
Cp,pen = 04677 ppey = 7800 kg/m?
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Achievements
Modelling approach: Dimensionless 1D-model

— A
, Mg, hy (Trin )li
Normalization in time, space and temperature: AT,,x=Trin-Trin @

—
- Dimensionless parameters:
dTs _ 51+ H_Cﬁf — ;) e Reduced storage length: A
ot* ATnax e Reduced period duration: I =S~ —""
e Thermal losses: r i T:.
0Ty (95 — 9f) (97 — o) . _ ' (Tyim)
- = A —r * Heating rate: 0
0z AT ax AT max Heating | " Hpex
e Heating length: Z =
& 5 PtH ™ Hpy+Hres
Derivation of evaluation criteria:
. : .. orT.
Thermodynamic efficiency [%]: S e
T Frn ZPtH ATmax
. . s Irgs/pen % % %
* Energy density [J/kgK]: Ares/pen = 7 ! Cp,TES/PtH qeres = 4res(1 — Zpen) + Qpey Zpen
TES/PtH
A MgCpg

o A-ll-ratio [-]: o mpcpst
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Achievements
Case study: Stand-alone vs. parallel operation

Charging with external integration: N = 100; A = 100; I' = 0; zp,y = 0.1

Stand-alone: waste heat from gas turbine Parallel operation: waste heat + PtH

o
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Achievements

Case study: Stand-alone vs. parallel operation

Discharging with external integration: M = 100; A = 100; I' = 0; zp,, = 0.1

Stand-alone: TES

Parallel operation : TES & PtH
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Achievements
Simulation studies: Analysis of beneficial PtH integration

Specifications
 Exemplary design: A = 100; I = 100; " = 0;
« Parameter variation: Heating rate ® € [0,3] and heating length z.,, € [0,1]

Results for cyclic operation: z,, = = 0: power converter; zp,,= -2 1: heat storage
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Achievements

Simulation studies: Energetic analysis
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mf Cp,f T

Specifications

« Exemplary design: zp,; = 0.1; I = 100; " = 0;
» Parameter variation: Heating rate ¢ € [0,3] and A € [10,200]

Results for cyclic operation:

Internal vs. external integration:
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Achievements
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Multiple criteria decision analysis = T e
J. Wallenius et al., “Multiple criteria decision making, multiattribute utility theory: ===~ Lonse | otar]Touit]—Trose] |
Recent accomplishments and what lies ahead,” Manage. Sci., vol. 54, no. 7, pp. 1336—-1349, 2008.
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Summary & Conclusions

Energy Lab 2.0

focuses on smart interconnection of plant components for production, conversion and
conservation of various energy carriers

TES-subproject: conversion of electricity into heat (sector coupling) with subsequent
conservation of thermal energy: Power-to-Heat integration into TES (ETES)

Electro-thermal energy storage based on solid media regenerator

->

A2 28

Cost-effective conservation of thermal energy on high temperature level
High values for: energy density, exergy flow and power during discharging

PtH integration at the hot end as ‘power converter’ leads to:

Significant increase in energy density with marginal loss in efficiency

Highest efficiency and energy density for ETES designs with ratios 0.8 < A/Il < 1.2
Higher flexibility during charging and discharging (with additional bypass operation)

PtH integration as ‘external power converter’ with 79% of total utility meets the
requirements stated for an application in a plant network:

—> Flexible operation management
—> High thermodynamic efficiency

->
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