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How does he use his energy
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Energy Strategy 2050 –

Where do you see the strongest leverarms?
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Energy Use – Switzerland Today

Source: SFOE, 2016
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Energy Use – Switzerland Today
Domestic

Source: SFOE, 2016
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Energy Flow – Switzerland Today
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How would you define Energy Storage?
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Energy Storage – A Definition

Energy Storage describes the natural or artificial accumulation of 
a potential of an energy form along an energy gradient. 

- Here, the distinction between natural or artificial refers to the 
difference between making use of a given storage / inertia of a system 
and actively charging/discharging a technical storage system.

- Here, potentials of energy forms might be chemical, nuclear, 
mechanical, electromagnetic, thermal, gravitational potentials.

- Here, energy gradients might refer to one energy form or include the 
transformation of an energy form to another. 
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Energy Storage in Switzerland

How do we store energy today ?
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Energy Storage – Switzerland
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Energy Storage – Motivation

What are benefits of energy storage?



- Arbitrage
- The act of purchasing and storing energy when energy prices

are low and to resell it when prices are high.

- Black-start
- Providing emergency power required to restore the grid

operation after a failure.

- Energy Balancing
- Balancing supply and demand within the electricity grid for

stable operation via the following options:
- Spinning and non-spinning reserves
- Demand shifting and peak reduction
- Frequency regulation
- Load following
- Voltage support

Energy Storage – Benefits



- T&D grid congestion relief and infrastructure investment
deferral

- Shift of demand and supply to relieve congestion in the grid and to
avoid the need to expand the T&D grid.

- Off-grid energy access
- Energy storages can support the implementation of RES in 

remote regions where the grid lacks buffering quality.

- Increase self-consumption
- Bridging the mismatch between local energy production and

demand (e.g. residential PV).

- Integration of variable supply resources
- Energy storage technologies provide resources for the energy

system to deal with the challenges of integrating RE sources.

Energy Storage – Benefits



Sources: IEA (2014), Energy Technology Perspectives, OECD/IEA, Paris, France. Battke, B., T.S. Schmidt, D. Grosspietsch and V.H. Hoffmann (2013), “A review and probabilistic
model of lifecycle costs of stationary batteries in multiple applications”, Renewable and Sustainable Energy Reviews Vol. 25, pp. 240-250. EPRI (Electric Power Research
Institute) (2010), “Electrical Energy Storage Technology Options”, Report, EPRI, Palo Alto, CA, United States. Sandia National Laboratories (2010), Energy Storage for the
Electricity Grid: Benefits and Market Potential Assessment Guide, A Study for the DOE Energy Storage Systems, Albuquerque, NM and Livermore, CA, United States.
IEA-ETSAP (Energy Technology Systems Analysis Programme) and IRENA (2013), “Thermal Energy Storage”, Technology Brief E17, Bonn, Germany.

Energy Storage –
Power requirement versus discharge duration

Vorführender
Präsentationsnotizen
Seasonal storage
The ability to store energy for days, weeks, or months to compensate for a longer-term supply disruption or seasonal variability on the supply and demand sides of the energy system (e.g. storing heat in the summer to use in the winter via underground thermal energy storage systems).
Arbitrage/Storage trades
Storing low-priced energy during periods of low demand and subsequently selling it during high-priced periods within the same market is referred to as a storage trade.6 Similarly, arbitrage refers to this type of energy trade between two energy markets. 
Frequency regulation
The balancing of continuously shifting supply and demand within a control area under normal conditions is referred to as frequency regulation. Management is frequently done automatically, on a minute-to-minute (or shorter) basis.
Load following
The second continuous electricity balancing mechanism for operation under normal conditions, following frequency regulation, is load following. Load following manages system fluctuations on a time frame that can range from 15 minutes to 24 hours, and can be controlled through automatic generation control, or manually.
Voltage support
The injection or absorption of reactive power to maintain voltage levels in the transmission and distribution system under normal conditions is referred to as voltage support. 
Black start
In the rare situation when the power system collapses and all other ancillary mechanisms have failed, black start capabilities allow electricity supply resources to restart without pulling electricity from the grid.
T&D congestion relief and infrastructure investment deferral
Energy storage technologies use to temporally and/or geographically shifting energy supply or demand in order to relieve congestion points in the transmission and distribution (T&D) grids or to defer the need for a large investment in T&D infrastructure.
Demand shifting and peak reduction
Energy demand can be shifted in order to match it with supply and to assist in the integration of variable supply resources. These shifts are facilitated by changing the time at which certain activities take place (e.g. the heating of water or space) and can be directly used to actively facilitate a reduction in the maximum (peak) energy demand level.
Off-grid
Off-grid energy consumers frequently rely on fossil or renewable resources (including variable renewables) to provide heat and electricity.7 To ensure reliable off-grid energy supplies and to support increasing levels of local resources use, energy storage can be used to fill gaps between variable supply resources and demand.
Variable supply resource integration
The use of energy storage to change and optimise the output from variable supply resources (e.g. wind, solar), mitigating rapid and seasonal output changes and bridging both temporal and geographic gaps8 between supply and demand in order to increase supply quality and value.
Waste heat utilisation
Energy storage technology use for the temporal and geographic decoupling of heat supply (e.g. CHP facilities, thermal power plants) and demand (e.g. for heating/cooling buildings, supplying industrial process heat) in order to utilise previously wasted heat.
Combined heat and power
Electricity and thermal energy storage can be used in combined heat and power (CHP) facilities in order to bridge temporal gaps between electricity and thermal demand.
Spinning and non-spinning reserve
Reserve capacity for the electricity supply is used to compensate for a rapid, unexpected loss in generation resources in order to keep the system balanced. This reserve capacity is classified according to response time as spinning (<15 minute response time) and non-spinning (>15 minute response time). Faster response times are generally more valuable to the system. In some regions, reserve capacity is referred to as “frequency containment reserve.”
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The integration of new renewable energy 
sources leads to an increase in storage needs?

Energy Storage – Motivation
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Energy Storage - Motivation

Source: Fraunhofer IWES, 2013 
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Energy Storage - Motivation

Source: Metzger et al., Siemens Multi-modal Energy System Design for Germany and Europe, Dechema Meeting, 2016

SCCER School – Shaping the Energy Transition

Siemens Multi-modal Energy 
System Design for Germany 
and Europe.
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Energy Storage - Motivation

Source: Fuchs A, Demiray T, Evangelos P, Ramachandran K, Kober T, Bauer C, Schenler W, Burgherr P, Hirschberg S (2017) ISCHESS – Integration of stochastic renewables in the Swiss 
electricity supply system. Final project report, ETHZ & PSI 6
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.

Requirements in Swiss 
electricity storage (GW) with 
respect to the installed 
capacity of wind and solar 
across all ISCHESS scenarios. 
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Source: modified from EIA (Energy Information Administration) (2012), “Electricity storage: Location, location, location…..and cost”, Today in Energy, Washington,
DC, United States.
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Energy Storage –
Hypothetical Deployment Power System

Vorführender
Präsentationsnotizen
Locations
Energy storage deployment could be realised across the supply, transmission and distribution, and demand (end-use) portions of the energy system. The best location for individual storage technology deployment depends on the services these technologies will supply to specific locations in the energy system. Furthermore, the introduction of the smart grid and other new energy infrastructure technologies could impact the optimal location for storage technologies in the future. The hypothetical storage deployment illustrates the widespread deployment of a diverse set of storage technologies across  the electric power system. This example includes deployment across the supply, transmission and distribution, and demand portions of the grid, with varying scales and types of storage.	
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Source: IEA (2014), Technology roadmap: energy storage. Decourt, B. and R. Debarre (2013), “Electricity storage”, Factbook, Schlumberger Business Consulting Energy
Institute, Paris, France and Paksoy, H. (2013), “Thermal Energy Storage Today” presented at the IEA Energy Storage Technology Roadmap Stakeholder Engagement 
Workshop, Paris, France, 14 February.

Energy Storage –
Maturity of energy storage technologies

Vorführender
Präsentationsnotizen
This roadmap defines energy storage technologies in terms of output – electricity versus thermal (heat or cold). Today, electricity and thermal storage technologies exist at many levels of development, from the early stages of R&D to mature, deployed technologies. This development spectrum is roughly equivalent to the concepts of “Technology Readiness Levels” (TRLs) and Manufacturing Readiness Levels (MRLs). The IEA Technology Roadmap: Energy Storage Technology Annex includes in-depth descriptions and project examples for many energy storage technologies. Some key technologies are displayed with respect to their associated initial capital investment requirements and technology risk versus their current phase of development (i.e. R&D, demonstration and deployment, or commercialisation phases).



Storage for transportation, buildings, districts, and 
industry
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Energy Storage – Extreme Case: 
Energy Self Sufficient Multi Family House

Source: Balmer et al, Umweltarena: Energy Self Sufficient Building, SSTES 2016.
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Energy Storage – Extreme Case: 
Energy Self Sufficient Multi Family House

Source: Balmer et al, Umweltarena: Energy Self Sufficient Building, SSTES 2016.
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Energy Storage – Extreme Case: 
Energy Self Sufficient Multi Family House

Source: Balmer et al, Umweltarena: Energy Self Sufficient Building, SSTES 2016.
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Energy Storage – Extreme Case: 
A) Short to Long term Electricity Storage

Source: Balmer et al, Umweltarena: Energy Self Sufficient Building, SSTES 2016.
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Energy Storage – Swiss Case
A) Short to Long Term Electricity Storage

Source: Abdon A, Zhang X, Parra D, Patel M, Bauer C, Worlitschek J (2017) Techno-economic and environmental assessment of stationary electricity 
storage technologies for different time scales. Energy, 139, 1173-1187.

1MW Systems 100MW Systems
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Energy Storage – Extreme Case: 
B) Seasonal Thermal Storage

Source: Balmer et al, Umweltarena: Energy Self Sufficient Building, SSTES 2016.
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Energy Storage – Swiss Case: 
B) Seasonal Thermal Storage

Source: Solites, SSTES 2016



October 19, 2017SCCER School – Shaping the Energy Transition30

Energy Storage – Extreme Case: 
Power to Gas or Power to Gas to Power

Source: Balmer et al, Umweltarena: Energy Self Sufficient Building, SSTES 2016.
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Energy Storage – Swiss Case: 
Power to Gas or Power to Gas to Power

Source: Balmer et al, Umweltarena: Energy Self Sufficient Building, SSTES 2016.
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Storages in Industry

Cold storage application: «Peak Shifting»
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Zooming into 4 million cells

0.5cm2 Skin: 4 Million cells

36, 19.10.2017



4 million cells:

Many power plants in each cell
Storage of heat and power (ADP/ATP) in each cell

37, 19.10.2017

http://www.spiegel.de/fotostrecke/sted-mikroskopie-scharfer-blick-in-die-nanowelt-fotostrecke-51431-2.html


One power plant: Mitochondrium

38, 19.10.2017

A couple of power plants in each cell: Conversion

ATP/ADP

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=y35vTbY4hn6VdM&tbnid=4MzA5M2mnCJwrM:&ved=0CAUQjRw&url=http://www.kfs-medizin.at/gesundheitsmanagement/regeneration/schwerpunkte/mitochondriale-medizin.html&ei=cu6DUvqWEYbAtQb_2oG4BA&bvm=bv.56343320,d.bGE&psig=AFQjCNHDfNVPShu26KAUjT5om-0PiFVeGg&ust=1384464350552004


If Switzerland was a Bear

- It had with 4 million house holds 80 million power plants with combined
heat and power technology

- It had several storages in each of those house holds

- It had a grid that was transporting heat and electricity in one grid

- The grid would be an additional storage

October 19, 2017SCCER School – Shaping the Energy Transition39



Questions?
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