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Energy storage is one of the strategic areas of growth
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The changing energy landscape...

@ ind photovoltaics @ biomass EEG figures end of 2012:
* Capacity: >66 GW
= Energy: ~135§ TWh

Coloured area proportional to installed capacity

Source: 50Hertz, TenneT, Amprion, TransnetBW, Google Earth




Main Drivers for the development of Energy Storage

Variable
Renewable
Generation

Grid Structures

Market
Structures

Demographics

Condition of the
Grid

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

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

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

Key Program - projections for storage market 2025



Storage classification by Form

 Super-Capacitor & Pumped Hydro Power ¢ Lithium-lon Battery

. ¢+ Thermoelectric :
+ Superconductive e Compressed Air * Lead-Acid Battery

Storage - -
Magnetic Coil Energy Storage - ¢+ High Temperatur Batteries
System ¢ Flow Batteries
¢ Flywheels s Hydrogen Storage

Coshort medum [ NNESEEN )0
System

Time Scale




Projected installed capacity worldwide

Market Comparison with Solar PV

installed capacity (GW)
Deployment of Storage
200
based on NAVIGANT
180
Global Solar PV
160 Installed Capacity
(actuals)
140
120
100
80 Deployment of Storage
based on BLOOMBERG
60
40
20
0
Energy Storage 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Solar PV (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014)

Sources: NAVIGANT Report “Country Forecasts for Grid-Tied Energy Storage”, 4Q 2015
BLOOMBERG Report “New Energy Outlook 2016”, June 2016
ENERDATA (Solar PV installed Capacity 2000-2014)



Various needs of electricity storage

A Uninterruptable
Power Supply

Energy

Grid Support Management

Hours

Bulk energy
trading

Arbitrage
Primary reserve

Minutes

Discharge duration

Voltage support

Power quality

Secondary reserve
Blackstart

Frequency control Load levelling/following
Voltage support Load factor increase

Capacity deferral

Transmission stability

Peak shaving

Seconds

Uninterruptible power supplies

1kW 10kW 100kW

>
MW 10MW 100MW 1GW

Power rating



Maturity of energy storage technologies

Capital requirement x Technology risk

‘Flow batteries

Supercapacitor |

Adiabatic CAE

Hydrogen

Jo -Sup.eroon'ducting magnetic
" energy storage (SMES)

Synthetic natural gas

® Molten salt

Lithium-ion batteries

Flywheel (low speed)
Sodium-sulfur (NaS) batteries

Compressed air energy
storage (CAES)

Legend
@ Mechanical storage

® Electro-chemical storage
O Thermal storage
Electrical storage

® Chemical storage

Pumped hydro
storage (PHS)

»

Research Development Demonstration

Deployment

Mature Technology Time



Classification: Energy (Wh/kg) vs. Power (W/kg)

Energy Density (Wh/kg)

0.01
10

19 power Density (Wlkg)'m 104099




Classification: Efficiency/Lifetime

100% -
E.C. Capacitors

w
2 op%
5 Nas
o
-
E 80% Fumped
T Bat. Hydro
E Lead-Acid CAES

0%+
E_ CAES efficiency
o Iz far the
'; storage only
= (0% —
)
E CAES Compressed air
e H0% E.C. Electrochemical
E Lidon Lithium-ion
(11 MaS Sodiurm-sulfur

40% MNi-Cd Mickel-cadmium

100 1,000 10,000 100,000

Lifetime at 80% DoD - Cycles
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Classification: Discharge timescale vs. Storage Capacity

Grid support . Bulk Power

UPS "
Load shifting ~ Management

g Pumped
9 g _‘ Hydro
8 .,- -h i't:.;\;
3
=
=
[0)
el
©
S
0 o
5 G
© =
9
o
>
= 4

[~

8 i

b I Super Capacitars | I SMES |

1 KW 10 kW 100 kW IMW  10MW 100 MW 2

Storage capacity
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Chemical Storage

Internal External
Storage Storage

F=r) F=) (B (=)

s Lead-Acid (Pb-acid) s Sodium-Sulphur [Nas) = Vanadmm (VRE) = Hydrogen
= Lithium-Ton = Sodium-Midkel-Chloride = Zinc-Bromine -
« Nickel-Cadmium (NiCd) (ZEBRA)

= Mi-MH

12



A battery storage system: Physical components

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

Poc

Temperature
control

i |

4 L)

DC switch AC breaker
A AC
Monitors &
control Power conversion AC transformer
system

Functional components

PV-production; Weather
Energy markets (€) Operator consum ption  forecas Others

%ﬂﬂﬂﬂ

ik =
|
|
|

Battery Converter Grid
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Chemical Storage: Lithium-ion

* Rechargeable battery BN e e
» Exchange of Li+ ions between the positive rt . .' = . —
and the negative electrode (rocking-chair) L e {7 e x x 11
sese G —

- gl YT e—

sene . W —

o L, —

le—us

Legend: & Matal  Lithiems Ouxygen HER Graphic liyers

Main Advantages

*  High round-trip efficiency - 85-90%
High energy density: 200 — 350 Whl, reduction of used space
Low self-discharge: ~5 % per month

» Low maintenance
Long cycle and calendar life: 1000-5000 full cycles
= Lots of research on this technology, price continuously decreasing

Main Disadvantages

» Mo inherent safety: thermal limitations, overcharge can lead to combustion of cells
= Sophisticated battery management system required (single cell monitoring)
= High cost: especially compared to lead-acid batteries, 450-1250 €kWh

L]

L]

L]
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Chemical Storage: Redox-Flow

* 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.

Electrode Membrane

Positive half-cell {discharge)
VO + 2H* + & — VO +H;0

Source: Sumitomo Electric Industries, Lid. (SEI) - Copyright 2007

Main Advantages

= Energy and power scalable independently
= Almost infinite capacity, which is only limited by the space of tanks
= High cycle and calendar life expectancy for VRB: = 10000, 10-15 years
= Low self-discharge 0,1-0,4% per day (for VRB)
({but consumption of the circulation system)

Main Disadvantages

= Leakage caused by acidic fluids, large amounts of acid

= Requires pumps, valves, sensors, reservoirs, ... prone to errors and costly maintenance
= Energy density generally low: 15-35 Wh/l (VREB), 50-90 Wh/l (Zn-Br)

»  Low efficiency: 65-75% for WVRB, 70-80% for Zn-Br

*  Expensive system

* Mot really mature, in an early stage of field deployment and demonstration trials

15




Fuel Cells

o'H 00

» Two porous structures to the negative and positive electrode
» Electrolyte to exchange O2- ions between the electrodes

Fuel = H, . ' O
Pl cicciroie SR 0 il
sats : . 0, (air) iE ] 8

H,O

+ Particularity:
Open system

«— 0%« |

electrolyte
mO

cathode

16



Fuel Cells (Gas Storage)

* Ahydrogen 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 M
potentially useful byproducts

PEM = Proton Exchange Membrone

Main Advantages

»  Environmentally friendly: no emission of greenhouse gases (GHG) 2H;+ 03 — 2H,0
= Fuel with very high specific energy : 33,3 kWh/kg

= Very large amounts of energy can be stored, injection in the natural gas gnid

= Multiple valonzation of hydrogen: hydrogen can also be used in other energy sectors

Main Disadvantages

= High cost for electric applications, high costs for electrolyzers

= Low round-rip efficiency: 30-40%; but less relevant for long-term storage. The efficiency
can be increased if the heat of the fuel cell can be valonsed

= Technology is not mature yet for large-scale gnd applications

= Storage density is about one-third lower than for methane

= Operating costs strongly depend on price of the purchasing power due to low efficiency

17



Hybrid technology: Metal air (ex: Lithium air)

Hybrid between Metal-ion battery and Fuel Cell

Porous with

Lithium Electrolyte catalysts (Pt)

+ Particularity:
Semi-Open system

* Personal interpretation for Li-air:

— Combination of two unsolved
drawbacks

— Lithium unstable in air//Catalysts
pollution

18



A battery storage system: Charge Profile

* 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

43 4 Comstart Voltage T 1000
T U & -’:- Q0 _ Charze
Waoltage
41 -+ 800
4 ] 1 o0
EY Full Charg T 2
oy -1 11 ] (=%
s lsn E
= 3g <
Corstart Curnent lagn E
3T > 300
36 4 200
33 4 + 100 Tenminating
34 T T T T T T l:l C'U.I'.I:EI'I.t
] an 40 il &0 100 120
Minutes
e Y () — TR A

19



A battery storage system: Efficiency / Energy

« Efficiency Battery Inverter
Energyout
— Roundtripefficiency = E—Q
°  YEnergyin ~97- -
) g [
— Main Parameters: 2 56 mif
i.  Power rate £ 95 T
ii. Internal resistance: battery type, & - {=
S 944 fa
temperature, SoC, SoH, =l "
. . . ) —a—CC -
charging/discharging, ... £, 934 o— CCICY -
£ w
5 92 ! v ! v ! Y ! v ! ' -i = w wa o= IM ﬂlw- p- =0
05 10 15 20 25 _
Charging current rate (C) Qg Power in Watts
. Energy 5 Capacity Profile with C-rate o Capacity at Various Temperature >
— Main Parameters: Sl TrtY/e— i ‘_‘—‘\\\'
: s 2 =}
i.  Power rate 3l =2
ii.  Temperature 3 ]
% 20l o 15f
z £ ol
g S
3 18" —e— charge 2 5[+02C Charge: CC/CV modeto 42V
== Pischarge S lLosc Discharge : CC modeto30V
100.0 0.2 0.4 0.6 08 1.0 1.2 350 40 30 20 10 0 -10
C-rate (C)

Temperature (°C)

Source: S&C Electric
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Conclusions

» Different ways to classify the technologies
 Different technologies for different applications

Grid support . Bulk Power
Load shiftng ~ Management

Factors taken into account:

Hours

— Size, weight
— Capital costs
— Cost per cycle

— Maintenance

— Safety

Minutes

— Environmental issues

e

Typical discharge timescale

— Energy/Power ratio

Seconds

| [ sves |

1 kW 10 kW 100 kW 1 MW 10 MW 100 MW

Super Capaciw;rs
i

Storage capacity
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Storage Costs Parameters

« The economics of electrical storage are affected both by technological features and applications,
making them difficult to assess

APPLICATION
TECHNOLOGY PARAMETERS
REQUIREMENTS

Matching with technology
features to deferrmine

available options. Fower costs™ (gmMw) Total capital costs =
(Power costs + Energy
Energy costs ($/Mith) Cast " Storage duration) ~ Power capacity
Fixed Q&M cosis ($MW) Al D&M costs —
; Fixed O&M * Power capacity
Variable O&M costs (saawn) + Vanable O&M ™
Energy defivered

Replacement costs (s&xwr)

Annual replacement costs
if life cycle < number of discharges

Cycling life (cycies number)

lDfsoounfed

Operating parameters
impact the feed-in
electricity price. o - P
YP Electricity price Annual electricity costs
Note: * Power costs include storage device costs, balance of plant costs and power conversion costs.

** 0&M: operation & maintenance except electricity price. Include gas price for compressed air energy storage.

Source: SBC Energy Institute
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Various business models on the radar screen

Integrate
renewables

= Balance output
from renewable
sources (at
generation site)

*  Optimise
production profile

Trading
activities

Price arbitrage
between peak
and off-peak

Support to
grid

Balancing services

Frequency response

Reserve services

Support to
industrials

Balance supply * Industrial applications
and demand

- End-user peak shaving
Peak shaving

- Energy cost management
Congestion relief g

- Continuity of supply
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A rapidly increasing interest within ENGIE

Dutch Government

BEEB

Cofely NL
Business case

Assess startup

BEI Canada
Grid battery Pilot project INZET
January 2015 August 2014
June 2014 Battery in R1
BEEB Belgian Grid operators February 2015
Testing Li-lon Mobile battery supply
Battery 2014 WSW
BEI US Pilot household Batteries
Grid battery for -. S — g February 2015
frequency regulation o SO = I T
January 2015 \ S e 20 - N 4 P GLOW Thailand
e e ' f : B Batteries in business case
’ “X-. . T i__e"  September2014

Futures Energies
Battery backup /
For microgrid
April 2014

IMNB
Identification and
Assessment VC
opportunities

June 2014

Laborelec Chili
R1 reserve, next
To conventional plants
Januarv 2015

GDFSUEZ DRT lab Singapore
Microgrid call for tender
August 2014

BEl Indonesia, island energy
December 2014

BEI UK, grid battery
Feb 2015

. BEI Turkey
Household battery

February, 2015
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ENGIE has significant experience with storage worldwide

Pump Storage
= UK: Dinorwig (1,728 MW) and Ffestiniog (360 MW)

=  BELGIUM: Coo-Trois-Points (1,080 MW)
= USA: Northfield Mountain (1,080 MW)

Batteries and flywheels Smart ZAE project to optimize the distribution grid at an

economic activity zone in Toulouse (France)

- ltincludes a lithium-ion battery (100kW/100 kWh)
and 10 flywheels (10kW/10kWh each)

SCLE = ALATA project to support a 4.4 MW solar installation with a
SrFe 2.4 MW/ 4.4 MWh battery in Corsica (France)

LABORELEC

T FGEng \*

\

Battery Lab to support ENGIE teams in the choice of
the best battery technology

Software

=W,

7 ol

Acquisition of a participation in Kiwi (UK) and AMS (US)
Development of in-house EMS (by Laborelec)

25



Examples of ENGIE batteries currently in operation

= Smart ZAE project in
Toulouse (France) with

lithium-ion battery
(100kW/100 kWh) and 10
SCLE flywheels (10kW/10kWh
SEc each)

= ALATA project to support a 4.4 MW
solar installation with a 2.4 MW/4 4
MWh battery in Corsica (France)

26




Recent acquisition of GCN in USA

Systems

18
QGCN

GridSynergy™
Master
Command and
Control

GREEN CHARGE SOLUTION

Create Virtual Power Plant (VPP), co-
located with PV installations to bid into
CAISO wholesale day ahead and real time
market

VPP Size VPP Aggregation and Control

Green Charge aggregation
1 080 kWh inta single resource for
’

CAISO bidding

Modules utilized:
Virtual Aggregation
« Wholesale DR

« Renewable & Load
'_‘-"'ni“'llg

«  Optimizer
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Grid-Scale Storage projects under development at ENGIE

= B B Benelux

e Frequency Regulation (NL)

solutions to give services

to end consumer and to
grid operator (in
collaboration with

k Greencharge Networks)

e Flexibility services

bl Bl Germany
/ BE= sa I I Ireland @ Energy Storage Park (BE) | .
== e . Battery pilot for
frequency Regulation
o Development of storage By o harket
opportunities

" :
B ] Romania

r F o«
.}. I‘.: 2 '_: -

Battery storage to provide
reserve services to a wind farm

I I France = -
e Wind + storage in Fitou . —t [ F i _. J
and Opoul windfarms | L

-

=

&_ India

@ Solar PV + storage

Chile

Large scale battery coupled
with a solar PV farm

@ @ Storage solutions for industrials
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