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Energy storage is one of the strategic areas of growth
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The changing energy landscape… 
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Source: 50Hertz, TenneT, Amprion, TransnetBW, Google Earth



Main Drivers for the development of Energy Storage

Sources: NAVIGANT Report “Country Forecasts for Grid-Tied Energy Storage”, 4Q 2015

4Key Program - projections for storage market 2025

Grid Structures
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Variable 

Renewable 

Generation

1 • Growing amount of variable energy generation being added to power grids worldwide

• Energy storage has the ability to provide value to the grid operator/utility by improving stability

• Improving the economics of a variable RES generating facility by limiting curtailment or firming output 

Market 

Structures
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Demographics

4

Condition of the 

Grid
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• Existing power systems have significant differences in both design and operations due to historical patterns

• Increasing distributed generation connected to the low voltage grid

• Rapid changes and different load patterns of demand and supply

• Level of Competition

• Fully Regulated vs. Liberalised Market

• Increasing population will play a role in determining the future structure of the power grid

• Urban vs. Rural Population

• Overall stability of the electrical grid

• Operators of unstable grids are more likely to deploy utility-scale ESSs to minimize the likelihood of outages

• Distributed ESSs and Microgrids are also expected to become increasingly popular options for unstable grids



Storage classification by Form
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Projected installed capacity worldwide 
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Energy Storage

Solar PV

Deployment of Storage

based on NAVIGANT

Deployment of Storage

based on BLOOMBERG
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Various needs of electricity storage 
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Maturity of energy storage technologies 
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Classification: Energy (Wh/kg) vs. Power (W/kg) 
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Classification: Efficiency/Lifetime
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Classification: Discharge timescale vs. Storage Capacity 
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Chemical Storage
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A battery storage system: Physical components 
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• Battery system or Energy Storage System (ESS)

‒ Battery Packs [MWh] (and [MW])

‒ Battery Management System (BMS)

• Power Conversion System (PCS)

‒ Converter [MW]

‒ PCS Controller

• Step-up Transformer [MW]

• DC Isolation Switch

• AC Switchgear

• HVAC

• Fire Detection and Suppression System

• Energy Management System (EMS)

Physical components

Functional components



Chemical Storage: Lithium-ion
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• Rechargeable battery 

• Exchange of Li+ ions between the positive 

and the negative electrode (rocking-chair) 



Chemical Storage: Redox-Flow
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• Modern flow batteries are generally 2 electrolyte 

systems called catholyte and anolyte

• Act as liquid energy carriers

• The catholyte and anolyte are pumped 

simultaneously through the two half-cells of the 

reaction cell separated by a membrane. The 

reaction is reversible allowing charge and discharge.



Fuel Cells 

16

• Two porous structures to the negative and positive electrode

• Electrolyte to exchange O2- ions between the electrodes

• Particularity:

Open system



Fuel Cells (Gas Storage)
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• A hydrogen energy storage system generally consists of 

hydrogen production (electrolysis of water), hydrogen 

transmission and storage, and hydrogen conversion to 

electricity

• Fuel cells convert hydrogen and oxygen into electricity through 

an electrochemical process, resulting in water and heat as 

potentially useful byproducts



Hybrid technology: Metal air (ex: Lithium air)
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Hybrid between Metal-ion battery and Fuel Cell 

• Particularity:

Semi-Open system

• Personal interpretation for Li-air:

‒ Combination of two unsolved 

drawbacks 

‒ Lithium unstable in air//Catalysts 

pollution



A battery storage system: Charge Profile
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• Constant Current (CC) or Constant Power (CP)

‒ To transfer the bulk of the energy

‒ Until the charge voltage is reached

• Power Conversion System (PCS)

‒ To fully charge the battery

‒ Until the current becomes very small



A battery storage system: Efficiency / Energy 
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• Efficiency

‒ .

‒ Main Parameters:

i. Power rate

ii. Internal resistance: battery type, 

temperature, SoC, SoH, 

charging/discharging, … 

• Energy

‒ Main Parameters:

i. Power rate

ii. Temperature

Battery Inverter

Source: S&C Electric 



Conclusions
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• Different ways to classify the technologies 

• Different technologies for different applications

Factors taken into account:

‒ Size, weight

‒ Capital costs

‒ Cost per cycle

‒ Maintenance

‒ Safety

‒ Environmental issues

‒ Energy/Power ratio



Storage Costs Parameters 
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• The economics of electrical storage are affected both by technological features and applications, 

making them difficult to assess

Source: SBC Energy Institute



Various business models on the radar screen
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A rapidly increasing interest within ENGIE
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ENGIE has significant experience with storage worldwide
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Examples of ENGIE batteries currently in operation
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Recent acquisition of GCN in USA
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Grid-Scale Storage projects under development at ENGIE
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USA

Development of storage

solutions to give services

to end consumer and to

grid operator (in

collaboration with

Greencharge Networks)

Germany

Battery pilot for 

frequency Regulation

Flexibility services

Ireland

Assessment of market

opportunities
1

Chile

• Large scale battery coupled 

with a solar PV farm
2

Benelux

Frequency Regulation (NL)

Energy Storage Park (BE)

India

Solar PV + storage

France

Wind + storage in Fitou

and Opoul windfarms

UK

• Storage solutions for industrials10

3

5

4

11

7

8

Romania

Battery storage to provide 

reserve services to a wind farm
9
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