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INTRODUCTION TO TASK 46 APPESS

New Logo:

TASK 46: Application-Oriented Energy Storage Selection
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GOAL

Answer questions like...

- Which energy storage technologies offer the technical and
economical best solution?

- Which energy storage solutions have the most impact on the energy
transition?

- Which fields of application for energy storage are the most relevant?
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GOAL

...and the Main Question:

Which storage technology offers the best technical and economic
solution in the specific application, and how relevant is this identified
application-storage pair (or “match’) for the energy system?
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GOAL

Develop a methodology for

» Structuring energy storage applications following their

 Technical
« Economical
requirements

Identifying the best energy storage solutions based on their
properties for the most relevant application

Quantifying their potential benefit to the future energy system
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Integrated Energy System — Demand is important! storag‘@
Past

The system has to

. Electricity provide what is
Fossil "
Fuels Mobility needed, where and

Thermal when it is needed!

Future

Storage
Renewable
Energies

Shift in Time Electricity
(PV, Wind, and Location <:> Mobility
Solarthermal, and Energy Form Thermal
CSP, Hydro, Bio...)
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Integrated Energy System — Demand is important! Cﬁgfé,ggg

Renewable Energy in Total Final Energy Consumption,
4
/f by Final Energy Use, 2019

VAL EEFEFEEL

Heating and Cooling

11.2% 3.7% 28.0%

Renewable Renewable Renewable
energy energy energy

Note: Data should not be compared with previous years because of revisions due to improved or adjusted methodology.

% REN21 RENEWABLES 2022 GLOBAL STATUS REPORT Source: Based on IEA data. — BV E S
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It makes a difference!

The ,direction” we look at the energy system is crucial!

From the supply side:

» Past = fossil fuels provide all we need

 Future = variable renewables provide mostly electricity
» There is a need for electrical energy storage!

From the demand side:

We need 50 % thermal, 25 % electricity and 25 % mobility
Huge variety of ,solutions”, taylor-made (!)

Distributed / local systems




Energy System from the Supply Side!

Source/ Thermal Storage (HD;E?:T: d
Supply Electrical Storage ‘ Electricity
(Electricity, Heat) Chemical Storage Y

Mobility)



Energy System from the Supply Side!

PV / Wind Electrical Energy Industrial Drying
(Electricity) Storage Process

Industrial Drying Process:
Demand on hot and dry air (150-180 °C)




Energy System from the Demand Side!

Source/ Thermal Storage (HD;E?:T: d
Supply Electrical Storage - Eloctricity
(Electricity, Heat) Chemical Storage Y

Mobility)



Energy System from the Demand Side!

Mobile Sorption Industrial Drying
Storage Process

PV / Wind / Solarthermal
Waste Heat

Mobile Sorption Storage:
Cost 50-100 €/kWh capacity (Battery 150-250 €/kWh capacity)




SCOPE

All energy storage technologies Supply = 100 % Renewable Energies
Electrical
Thermal Demand = All sectors
Chemical * Electricity
« Heating & Cooling
All relevant energy storage applications in the * Mobility
energy system

- Centralized, decentralized
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—BVES
BVES Bundesverband Energiespeichersysteme e.V. —



OBJECTIVES

- Structure application requirements and match it with energy
storage properties (e.g. Carnot battery for flexible share of
electricity / heat at the source and the consumer side)
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OBJECTIVES

- Structure application requirements and match it with energy
storage properties (e.g. Carnot battery for flexible share of
electricity / heat at the source and the consumer side)

Starting point: BVES ,Application - ES Technology — Matrix"

Strom zu Strom

Natrium-Schwefel,

BVES B

. . X . . . Natrium Nickel . . . | Druckluft-Speicher . Schwungrad- FlUs
Cluster Anwendungsbereiche Leistungen von Energiespeichern Li-lonen-Batterie R . Blei-Sdure-Batterie |Redox-Flow Batterie Pumpspeicher (PSW) ]
Chlorid-Batterie (CAES) speicher sp
(NAS)
Speicherung iiberschiissiger Energie + + + + + + 0
Vermeidung der Abregelung von
+ + + + + + -
EE-Anlagen zur Stromerzeugung
Reduzierung von konventionellen must-
+ + + + + + +
run-Anlagen
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8 & i~ n & Ryt + v t 0 0 * *
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Momentanreserve/ Frequenzhaltung + + + + + + +
Primarregelleistung + + + 0 0 + -
AR Sekundérregelleistung + + + + + + -
(Lastausgleich, w + + + + + +
Systemstabilitat, CO2- INLHENIESENE
Reduktion) Beitrag zur gesicherten Leistung + + + + + + -
Kurzschlussleistung + + + + + + +
Nutzung und Integration Eignung zum Redispatch + + + + + + 0
erneuerbarer Energien & Schwarzstartfahigkeit + + + + + + 0
Sl L e Blindleistungserbringung + + + + + + +
Versorgungssicherheit
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OBJECTIVES

Fields of Applications Energy Storage Technolgies

Heat/Cold, Electricity, Mobility TES, EES, CES
KPlIs KPIs
How much RE shall be integrated? How much energy can be stored?
(capacity) (capacity)
How fast shall the energy be How fast can the energy be stored?
supplied? (power) (power)

For how long shall the energy be
shifted? (duration)

How much CO, emissions can be
avoided? (cost)

For how long can the energy be
stored? (duration)

At what cost can the energy be
stored? (cost)

Match-Making-Matrix

BVES Bundesverband Energiespeichersysteme e.V.
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OBJECTIVES

- lllustrate identified matches by best practice examples

Stationary Battery System for Ultra Fast Charging

ik m"—'[ g
PowerBooster

EV Charging Station

+ -

Large PTES for District Heating Systems

Mobile Sorption Storage for
Industrial Drying Processes
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OBJECTIVES

- Quantify potentials through the relevance of specific energy storage
technologies in specific application and compare it with respect to the
system flexibility they can provide:

— Prioritizing selected energy storage solutions within their application
and quantify the benefit for the energy system
— What are the most relevant energy storage solutions?
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OBJECTIVES

Relevance of Application / Energy Demand Sectors and CO2 Emissions

Final energy demand in Germany Process Cold Ac Cold

about 2,600 TWh per year DHW

ﬁ\\\\\\“lb@ Mochanical Eneray

ICT

Lighting

I Industry

Final Ener:
d B Private Households

Sectors
722 Mio. t CO, 24%

P

B Trade & Commerce

Transport
Space Heating

M. Rasch, A. Regett, S. Pichlmair, J. Conrad, S. Greif, A.
Guminski, E. Rouyrre, C. Orthofer and T. Zipperle, Eine
anwendungsorientierte Emissionsbilanz — Kosteneffiziente

’ und sektorenibergreifende Dekarbonisierung des
(Process Heat > Energiesystems, Forschungsstelle fiir Energiewirtschaft FfE,
bwk, Ausgabe 03/2017




OBJECTIVES

Example: Process Heat / Potato Crisps Production

Industrial heat demand 2015 for different sub-sectors and
temperature ranges

Iron and Steel
Chemical and Petrochemical
Non-ferrous metals

#
Non-metallc minerals h

Y

=5

=

Paper, Pulp and Printing

Food, Beverages and
Tobacco

Machinery and transport

Other Industry

0 25 50 75 100 125 150 175 200
Fleiter , Tobias, et al. Heat Roadmap Europe,
Heat demand [TWh/a] Deliverable 3.1: Profile of heating and cooling
B Raumheizung ®<100°C = 100.200°C ®200..500°C M >500°C demand in 2015. 2017.
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INTRODUCTION TO THE
WORKSHOP
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PRESSURIZED HOT WATER STORAGE IN SWITZERLAND

Renergia Zentralschweiz AG
Project duration: September 2022 - in operation

Project partner: Renergia Waste-to-Energy Plant,
4 District Heating Networks,
Perlen Papier AG

Application:

« 33 m high, capacity of 5 million litres, storage temperature up to145 °C
using residual heat from the waste incineration plant

« Storage capacity of approx. 400 MWh, enabling flexible supply for the
district heating network and optimized heat and electricity generation.

Project goals:
* Increase energy efficiency by utilizing previously unused waste heat.

« Improve supply security for the district heating network and industrial
partners such as Perlen Papier AG.

* Reduce fossil fuel consumption (e.g. natural gas)
in the regional heating system.

renergia

Energie aus Abfall.




USE CASE - WASTE INCINERATION PLANT — ENERGY SYSTEM

Energy Source Energy Storage Energy Demand

’ Mobility, SynFuels
’ Electricity

+ S,

Chemical Energy
Storage

Electrical Energy
Storage

Grid, Electricity

595§

Iy

District Heat, Thermal

Waste—-to—Energy
(Waste incineration plant)
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INTRODUCTION TO THE WORKSHOP

Main Question:

Which energy storage technology is most
suitable for storing surplus energy from the
Waste-to-Energy plant so that it can be used
flexibly within the regional energy demand?
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USE CASE - WASTE INCINERATION PLANT — ENERGY SYSTEM

Energy Source Energy Storage Energy Demand

co,
Alternative storage options

’ Chemical Energy
Storage
Electricity

Electrical Energy

Storage

Heat
-

Grid, Electricity

595§

Iy

District Heat, Thermal

Waste—-to—Energy
(Waste incineration plant)
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WASTE-TO-ENERGY PLANT: DEMAND SIDE

Demand Side Characteristics: Electricity

Stromverbrauch (Netzlast)
47.500

46.000
44.500
43.000

41.500

[GWh]

40.000

38.500
37.000

35.500

34.000

2020 2021 =—2022 2023
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WASTE-TO-ENERGY PLANT: DEMAND SIDE

Demand Side Characteristics: District Heating

« Temperature 80-90 °C

« Hot Water Storage (Tank, PTES, UTES, Aquifer...)
« Winter-Summer Profile (seasonal) e
« Daily Profile (short-term)

e
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Chaudry, Modassar & Abeysekera, Muditha & Hosseini, Seyed & Jenkins, Nick & Wu,
Jianzhong. (2015). Uncertainties in decarbonising heat in the UK. Energy Policy. 85.
10.1016/j.enpol.2015.07.019.
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Yao, Runming & Steemers, Koen. (2005). A method of formulating energy load
profile for domestic buildings in the UK. Energy and Buildings
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WASTE-TO-ENERGY PLANT: DEMAND SIDE

Demand Side Characteristics: Process Heat in Food Industry

oA o Daily t t d d
« Temperature 120-150°C °C . Ay Temperatie ceman
* Intermittent demand overheated Steam » ~—
« Weekly / daily temperature profile o \ /
=)
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INTRODUCTION TO THE WORKSHOP

Question to answer in the workshop:

How would you weigh the KPlIs / criteria

in order to choose the best suitable energy storage
technologies for this use case?
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USE CASE - KPI / DECISION CRITERIA

KPI / Decision Criteria

Storage efficiency (round-trip efficiency)
Cycle stability and aging

Storage performance and dynamic behavior

Achievable storage capacity

Space requirements

Local social acceptance

Investment and operating costs per usable kWh
Environmental impact over lifetime (LCA)
Technology readiness level (TRL)

Sectoral multiple use and energy system benefits
Integration effort

System complexity

Definition
Ratio of energy output to energy input over one full charge—
discharge cycle.

Degradation of performance and capacity over repeated charging
cycles.

Ability to charge, discharge, and respond quickly to fluctuating
input.

Suitability for short-term, daily, or seasonal energy storage.

Physical space needed per unit of usable stored energy.

Public acceptance based on visibility, safety, and perceived risks.
Total capital and operating cost per usable kilowatt-hour.
Environmental effects across the full life cycle of the system.
Maturity level from research stage to commercial deployment.
Potential to couple sectors and provide system-wide benefits.
Effort required to integrate into existing energy systems.
Technical complexity of design, control, and operation.

—BVES



APPLICATION ORIENTED
IMPLEMENTATION OF ENERGY
STORAGE SYSTEMS - APPES
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OBJECTIVES

Relevance of Application / Energy Demand Sectors and CO2 Emissions

Process Cold AC Cold

Distribution of CO, emissions
among the ,,Sectors*:

» Electricity 24%
L ontng 0k <t A
® |CT 4 % Bl Trade & Commerce
* Mech. Energy in | Transport
Ind./T&C 16 %
 Thermal > 50 %
« DHW 4 %
* Process Cald 3 9%,
ﬁ:; Heat 24 %>
« Space Heating 19 %
- AC <1 %

* Mobility 24 %
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