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* TURBO REACTOR LUBRICATION

« UAVs
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ERMO/
ECHANICS

* HELICOPTERS

« CFD SIMULATION

*  MECHANICAL DESIGN AND CONCEPTION

« AERONAUTICAL AND SPATIAL PROPULSION

* RENEWABLE ENERGY: FUEL CELL, WIND TURBINE
* ENERGY STORAGE: HYDROGEN, PUMPED HYDRO, COMPRESSED AIR.
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PRESENTATION OUTLINE

WHY ENERGY STORAGE?
RESEARCH PROPOSAL

PUMPED-HYDRO ENERGY STORAGE (PHES)
COMPRESSED AIR ENERGY STORAGE (CAES)
THERMAL

HYDROGEN

ELECTROCHEMICAL BATTERIES
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INTRODUCTION

INTERMITTENT IMBALANCE BETWEEN ENERGY
ENERGY PRODUCTION AND ENERGY
PRODUCTION CONSUMPTION

ENERGY

STORAGE
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INTRODUCTION
MICRO

* LESS STUDIED AREA

BETTER RETURNS ON INITIAL R&D

PROMOTE PRIVATE INVESTMENT
e LIBERALIZATION OF THE ENERGY SECTOR m i I l e n e r
e REPLICATE PHOTOVOLTAICS' w
g . .

SUCCESS

LOWER COSTS
OPENING OF NEW MARKETS
MAKE TECHNOLOGY WIDELY AVAILABLE
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Cost €,,,,/kWh

200m natural reservoir
underground
reservoir

TO+12 RESULTS - PHES

Artificial
surface
reservoir

20m plastic
reservoirs in
buildings

25m excavated

200m surface \\€Servoir

artificial
servoirs

Water tower

50m excavs
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TO+12 RESULTS - PHES

CONCLUSIONS

e  COSTLY FOR SMALL-SCALE ENERGY STORAGE (<TMWH)

e  BEST SOLUTIONS:
*  NATURAL UNDERGROUND RESERVOIRS
*  ARTIFICIAL RESERVOIRS WITH LARGE HEIGHT DIFFERENCE (>200M)
*  LARGE DIAMETER EXCAVATED RESERVOIRS (>50M DIAMETER)

QUESTIONS

CAN IT BE INTEGRATED WITH OTHER SERVICES (THERMAL STORAGE
FOR EXAMPLE) ¢

GEOLOGICAL STRUCTURES CONSTRAINTS

*  EQUIPMENT LIFETIME AND MAINTENANCE

*  IN BUILDINGS: STRUCTURAL REINFORCEMENT?
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T0+12 RESULTS - CAES

AIR COMPRESSORS/ TURBINES

o 3-50bar

¢ 210-250bar
a 300-350bar
o 400-440bar

Cost €,,,,/kW
[ERY
o
o
o

Rated power kW
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T0+12 RESULTS - CAES

COMPRESSED AIR TANKS

@ P < 80bar steel

¢ 200 < P < 250bar steel
A 300 < P < 420bar steel
© 300bar carbon fiber

Cost €,,,,/kWh
Cost for a 20 year lifetime

0,1 1
Energy kWh
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T0+12 RESULTS - CAES
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T0+12 RESULTS - CAES

CONCLUSIONS

«  COST ACCEPTABLE FOR SMALL-SCALE ENERGY STORAGE (>100KWH)
e THERMAL MANAGEMENT MANDATORY
*  HIGH-PRESSURES RECOMMENDED (BEST CASE: 325BAR)

QUESTIONS
INTEGRATION OF OTHER SERVICES (THERMAL COMPRESSED AIR)
. GEOLOGICAL STRUCTURES CONSTRAINTS
«  COMPRESSORS REVERSIBILITY (TURBINE)
o EFFECT OF PRESSURE VARIATION
° EQUIPMENT LIFETIME AND MAINTENANCE COSTS
. NelN=
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T0+12 RESULTS - THERMAL

SENSIBLE HEAT THERMAL STORAGE
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Cost €,,,,/kWh
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T0+12 RESULTS - THERMAL

CONCLUSIONS

*  VERY LOW COST (0,6C€/KWH)

«  HEAT AS A BYPRODUCT

*  PHASE-CHANGE TECHNOLOGIES (LATENT HEAT) UNDER DEVELOPMENT
« LOW GRADE ENERGY WHEN COMPARED TO ELECTRICITY

QUESTIONS
INTEGRATION ON OTHER STORAGE SYSTEMS (FUEL CELLS, ETC)
. OTHER TECHNOLOGIES: DISTRICT HEATING, UNDERGROUND
° LATENT HEAT STORAGE
° EQUIPMENT LIFETIME AND MAINTENANCE COSTS
o HEAT ORIGIN
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TO+12 RESULTS - HYDROGEN

ELECTROLYZER
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TO+12 RESULTS - HYDROGEN

FUEL CELL

o Stack

A Fuel cell

y = 4492x04

0,10
Power kW
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TO+12 RESULTS - HYDROGEN
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TO+12 RESULTS - BATTERIES
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TO+12 RESULTS - BATTERIES

Lead acid sealed

Lead acid sealed

Lead acid flooded

Lead acid flooded

Lithium-ion Lithium-ion
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T0+12 RESULTS - BATTERIES

CONCLUSIONS
LOW COST FOR LI-ION

QUESTIONS

LIFETIME
O&MAINTENANCE COSTS
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_|20yearlifetimecost [Volume _______[Mass________

Pumped hydro 72-57c€/kWh 36,6m3/kWh 36600kg/kWh
Reservoirs at 20m. 4h system. 57 (100kWh) 1830m?3 (100kWh)  3660Ton (100kWh)

CAES 14-12c€/kWh 4h 0,08-0,11m3/kWh  78-88kg/kWh
325bar system 10-9¢€/kWh 10h

10m3 (100kWh) 8Ton (100kWh)

Hydrogen 41-13c€/kWh 0,101m3/kWh 24 to 17kg/kWh
200-420bar. 8h charge/4h disch. PEREI0]AH)] 10m3 (100kWh) 2Ton (100kWh)
Thermal 0,87-0,36¢c€/kWh 0.014 m3/kWh 14kg/kWh

Hot water. AT=602 0,55 (100kWh) 1,4m3 (100kWh) 1,4Ton (100kWh)
Flooded lead-acid battery 46¢c€/kWh 251/kWh 55kg/kWh
50%DoD from 10kWh 2,5m3 (100kWh) 5,5Ton (100kWh)
Sealed lead acid battery 68c€/kWh 281/kWh 62kg/kWh

50% DoD from 10kWh 2,8m3 (100kWh)  6,2Ton (100kWh)
Li lon battery 20c€/kWh 91/kWh 14kg/kWh
80%DOD from 10kWh 0,9m3 (100kWh)  1,4Ton (100kWh)

G Oliveira Silva
P Hendrick

4th June 2014

2014 |IERE — GDF Suez
Brussels Workshop

Energy at home

lﬁ‘a&\yé BRUSSELS
© Mediames RETROFIT

INNOVIRIS STRATEGIC PLATFORM
ENVIRONMENT



Pumped hydro

CAES
325bar system

Hydrogen

Lead acid flooded
50%DoD

Technology

Lead acid sealed
50% DoD.

Lithium-ion
80%DoD.

Thermal
Hot water. AT=6089.
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Reservoirs at 20m. 4h system.
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Lifetime cost (c€,,,,/kWh)

Area costs were considered to vary from 2700€,,,,/m?
(Brussels) to 1700€,,,,/m? (Liege)

- 756 - 503 742 — 489 -

200-420bar. 8h charge/4h disch.

- 13-12 11-10 10-9
- 42 -41 24 - 23 14 -13
54 46 46 46
75 68 68 68
22 22 22 22

- 1,2-1,1 0,9-0,8 0,7-0,6

G Oliveira Silva
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T0+12 RESULTS— PROJECT'S DATABASE

DATABASE OF EXISTING
AND PLANNED ENERGY
STORAGE SYSTEMS
PROVIDING SUPPLIERS,
TECHNIQUES, COSTS,

ETC.
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Fue"I Performance model / reversibility / heat use
ce

Heat exchange / phase-change modeling / heat pump

“llsi=et s small variable reversible pumpy flow control
hydro
Compressed Small variable reversible high-pressure compressor/
air Storage tanks / Compressed air use (venicles/ ICE)

Flywheels Modeling / bearings

2014 |ERE — GDF Suez G Oliveira Silva
Brussels Workshop P Hendrick

Energy at home 41" June 2014

RDI BRUSSELS
:§3nmcs RETROFIT

RRRRRRRRRRRRRRRRRRRRRRRRR
NNNNNNNNNNN




FUTURE WORK — STORAGE INTEGRATION

REGULATOR <----> Contracts
brugele Electricity
CKEG! b gelee it

TRANSMISSION SYSTEM DISTRIBUTION SYSTEM
OPERATOR (TSO) OPERATOR (DSO)

© Sibelga
| 1
1

PRODUCER

SUPPLIER

Electrabel %
~ =~ €DF

oo 2o I LR CONSUMER
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FUTURE WORK — STORAGE INTEGRATION

« Output smoothing of variable energy sources

N
w

« Voltage control

* Frequency control

- Black start

« Commodity storage
« Self-consumption

* |nvestment deferral
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- Energy efficiency
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PUBLICATIONS & PRESENTATIONS

8™ INTERNATIONAL RENEWABLE ENERGY STORAGE

CONFERENCE
%B%\LAW 18-20 NOVEMBER 2013
BERLIN, GERMANY

**** .
. enterprise MEETINGS ON SUSTAINABLE CONSTRUCTION &

7 europe EFFICIENT ENERGY BUILDINGS

network e
i BRUSSELS, BELGIUM
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Key world energy statistics 2012. IEA. s.l. : IEA, 2012

Cost minimization in micro-hydro systems using pumps as turbines. Alatorre-Frenck, Claudio. s.I. : PhD thesis,
University of Warwick, 1994

Maintenance History of Four Steel Water Tanks. Neumann, Walter e Newman, Wade. s.I. : Water & wastes
digest, 2000

Novel approach for decentralised energy supply and energy storage of tall buildings in Latin America based on
renewable energy sources: Case study - Informal vertical community Torre David, Caracas - Venezuela. Fonseca,
Jimeno e Schlueter, Arno. s.l. : Energy, 2013

Project ADELE. www.rwe.com. s.l. : online, 2013

Pumps as turbines. A user's guide. Williams, Arthur. s.I. : Intermediate technology publications, 1995
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