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Benefits that Energy Storage can provide to a research facility

- Backup to provide continuous power supply during grid outages
- Isolation and immunity against external interferences

- Reduction in the required electric infrastructure

- Energy cost savings — peak power shaving

- Protection of sensitive equipment

- Integration of renewable energy for power supply

- Improve the power quality and grid stability (voltage regulation
and harmonic distortion filtering)

- Provide additional grid services when the energy is not used

However, when designing the application, we need to keep in mind
the technical limitations of each technology!

Energy Storage: an alternative to increase reliability in power systems and facilities.
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Classification of the Energy Storage Technologies
High-energy Storage High-power Storage
Characteristics: Long term, Energy >>> Power Characteristics: Short term, Power >>> Energy.
(Pumped hydro, CAES, LAES, Thermal Storage, Hydrogen, (Lithium batteries, supercapacitors, flywheels,
Redox flux batteries, gravitational, ...) Superconducting Magnet Energy Storage - SMES)
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Approaches to face reliability challenges in research facilities: Energy storage technologies
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The possibility of using Lithium-ion Batteries as energy storage system

- Lithium batteries is the most. exten.ded energy storage Lithium Titanate Oxide (LTO) Batteries
technology due to the electric vehicle deployment.

- High energy density but low power density * Higher numer of cycles (7,000 — 30,000).

- The main problem is a very limited * Operating during 20 years with 1500 cycles/year
number of cycles. Rapid aging, losing * Higher termal stability (-302C- 502C) - > improve safety.
their capacity (5,000 cycles) * Fast charging capability and higher efficiency.

GRUPO

* Lower energy density.
* Higher cost per kWh.

PERIODO

i3

%
2 \
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Energy Storage: an alternative to increase reliability in power systems and facilities.
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The possibility of using Capacitors and Supercapacitors as energy storage system

Supercapacitor manufacturers
provide very similar power, energy
3200F, and power/energy ratios.

285V _
(Estonia) CHiER

Eaton (UK)
3000F, 2.7V
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loxus (USA)
3150F, 2.85V

LS (China) (1| [ i Maxwell (USA)
3000F, 2.8 V 3000F, 2.85V

MTECHNOLOGIES

Enabling Energy’s Future™

Energy Storage: an alternative to increase reliability in power systems and facilities.
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Approaches to face reliability challenges in research facilities: Energy storage technologies

®. ADAPTIVE

Balancing Power

The possibility of using Flywheels as energy storage system

Flywheel manufacturers provide

poWERTHRU
2 il Ere Sorage ggwacg* Verym POWEr, energy and 1600 kW
100 KW 50 KWh power/energy ratios. 4 kWh
W S0 (Germany) &

190 kW, 0.63 kWh 250 kW -ACT,VEPOWER
(USA) 0.9kWh — = ;i "% KineticTraction 700 kW, 12 kWh
(USA) 25 kW, 0.069 kWh Vas® Systems (Germany)
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(Germany)
o = s naay
v
W v YC3»'€ g (2 STORNETIC
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The possibility of using of Superconducting Magnet Energy Storage (SMES) in research facilities
Kameyama SMES to compensate voltage
dips in a plasma research facility.

An example of pulsed load

(200 to 3,000A in 2 secs)
(Few seconds)
— instantaneous voltage dips occurrence
el R AT I Lt 7
A S O . .
System |- L L SMES in power supply of bending magnet.
PN i bR AR R R wrran
volege SMES compensation (0.45 Yv- 'nndf‘; i '—_ [1{_}jection Acceleration E‘—y‘—vExtraction iDeceleration
e a— e o 0.175 1,95 07 | 08k
Load . 11‘}
voltage | p+
v | |
SMES: 10 MVA 10 MJ, 6.6kV, 1400A — = .
Term 3. 64s '
Source: S. Nagaya et al. 2012. The state of the art of the development of

Source: COMPENSATION OF LOAD FLUCTUATION OF POWER SUPPLY
SMES for bridging instantaneous voltage dips in Japan SYSTEM FOR LARGE ACCELERATOR USING SMES . H. Sato et al.

Energy Storage: an alternative to increase reliability in power systems and facilities.
Marcos Lafoz - CIEMAT
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Approaches to face reliability challenges in research facilities: Energy storage technologies

Selection of Storage Tecnologies I . .
The possibility of using Hybrid Energy Storage (HESS)

"
Power Storage Tech. 1 Used tipically to:
- Increase the life-cycle in the case of batteries or even some
"""""""" ' Storage Tech. 2 othe-r plants, reducing wear ar.wd tear.
N A - Provide a more accurate solution to the system
————————————— - Provide additional flexibility services
P P T - Increase the KPIs in some facilities Frywheallthium batery
—— Energy Y eidsrvices
ElEEz SCs, FW and SMES are good candidates for HESS.
Piotai = N'71 * Peong T N'ry - Peop 7o+AP 8.8MW/7.12 MWh Lithium battery combined

with 6 flywheels (3MW total) providing a total
of 9MW for frequency support.

!/ /
= . . +
Etotar = N'1 Ecell_T1 + N'po Ecell_Tz AE Almelo (The Netherlands)

Energy Storage: an alternative to increase reliability in power systems and facilities.
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Technical challenges detected in research facilities related to power supply
1. Network stability during high pulsed or cycling loads
2. Immunity against fast transients and voltage dips
3. Reduction or elimination of the effects of active power transients
4. Reduction or elimination of the effects of reactive power transients o Durston ]
. . . . . Ip Duration [ms
5. Powering infrastructure optimization Jo o ™ w0 &0 70
o | T !
X 20 e
2500:]N " Ampe]roeoo % -30
20000 _| ED 40
o Magnet Current L 6000 %_ -
10000 f 5000 E 60
\ Power from the Grid | 1000 %D -70
> 80 Y
500 9003000 * Events
10 Source: Back-to-Back HVDC Modular Multilevel Converter for Transient
) Voltage Dip Mitigation in Passive Networks. T. Hoehn et al. 2019. CERN.
Time [ms]

Energy Storage: an alternative to increase reliability in power systems and facilities.
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Technical challenges detected in research facilities related to power supply
‘ 95 MW
Converter Load .
- | i's ; Solution based on adding Inertia
inertia with
electric machines.
Converter Load
The connection of the load
through a huge inertia gives ond
High active and reactive the possibility to provide —
power consumption from pulsed power supplies —
the electric grid. without compromising grid T ‘
Stablllty ' Active Power
RMS Power Flow
\\_/ 1 —

Energy Storage: an alternative to increase reliability in power systems and facilities.
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Technical challenges detected in research facilities related to power supply
New Technology Improve the Performance

_ Converter Load

Grid +~*§v@* %S §
Solution based on energy

Active power storage using capacitors.

Power Factor=1 /\
Y | { @ / Power

Grid
W\ | Converter ||
| |

RMS Power Flow

Energy Cyling Power Flow

Storage

18 MJ
Capacitor banks

Peak Power of the Converter= 60 MW 2x2,5MVA

- Control Room Converter hall Cooling Tower Input Transformers

The technical design of these DC caps
POPS /CERN

Reactive power

required an active cooperation with the
manufacturers.
(technical limitation of the technology)

High active and reactive
power consumption from
the electric grid.

CE?W
g

N/

Energy Storage: an alternative to increase reliability in power systems and facilities.
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Technical challenges detected in research facilities related to power supply

Reduce reactive consumption and harmonic distortion: Static Var Compensators (SVC)

TCR coils BEQ1

TCR: Thyristor-Controlled Reactor

Harmonic Filters

Harmonic Filters

Active and reactive power consumption during SPS extraction to North Area
T T T T T T T T T

00
——F LOAD
B0 ——Q LOAD|4
R t' 0 /’C— _,1'{"-, —gﬁgg J
V It . Pr:lase-to-phase RMS witage ) eac |Ve power wl ./f || Il'nl Reactive power
BEQ2 (450 GeV FT 3 H |\ \ consumed by SPS accelerator
Oltage 1430 GeV T 38) compensation and <l L\ Kl consumed by
stabilization : : P =
response time s F—— F a—
s 20 \ Ij N
1.005
-40
r eor Reactive power taken from RTE
+-0.3% +-0.75% s is almost zero
1 1 1 1 1 |
CERN Y o 2 4 1] 8 10 12 14 16 18 20
\ 0985 time [s]
NS Reactive power

Time [s]

generated by SVC

Energy Storage: an alternative to increase reliability in power systems and facilities.
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Technical challenges detected in research facilities related to power supply
Compensating a complete set of phenomena

Modular Multilevel Converters (MMC) with capacitors distributed in the
modules. Is able to overcome: stability, reactive power compensation, filtering
up to a certain harmonic and immunity against network transients)

During the system design phase, the DC caps
would need to be dimensioned considering
also the aspect of transient mitigation

Electronic Thyristor Bypass

1 Dip Duration [ms]
MMC Rectifier e MMC Inverter 0 100 200 300 400 500 600 700
51 levels — Half-bridge 51 levels — Half-bridge R
T1 T2 0 T 14
T 1
tel 1 :
400kV Source {) J 4 Vde J O @ Load System -10 ' :
. 'y &
200kv/66kv 12 W Ve o o iec  GoRV/TEKV _ Lhd Do i
Yoy Y-D x . 1
lasm Epuists Epulses faren 2 20 :
Pulse Pulse Q
generation generation ° |
sz T ma I:CD :
) 269 1] . [
Ve WVdiff S -40 : fu‘ ‘
* Vaq Current Current Vig o H Optimized Design Curve Ca re °
abc to dq0 Transformation ldg Controller Controller ldq abe to dq0 Transformation 5 [ 98% confidence
Extraction of phase angle g Bac Power Calculation o 50 p====f=-=f===—=-- \ O gv
2 TechnO
g 60 S \
o - . .
. > . ns:
14 14 \ ‘ m \tat‘ O
-70 Original Design Zone
CERN . |
DC Voltage -
\ Comeotie 80
NS

——208kI/MVA =——104kI/MVA =—70kj/MVA * Events
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Examples of energy storage use in research facilities. Plataforma Solar de Almeria (PSA)

PSA is a scientific research center belonging to
CIEMAT focused on research, testing & development
of Concentrating Solar Thermal (CST) tech. and its
applications.

Molten salt deposits
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HELIOSTAT FELD I 1 ':'}EHERJ‘TCI’I

SALT

TURBINE
= = GENE RATOR

SUBETATIOHN

Energy Storage: an alternative to increase reliability in power systems and facilities.

Marcos Lafoz - CIEMAT



P u
C @ @
-4 % MINISTERIO rem ‘It i =“ g:e:: :::f gzgtainable Science e
) 'qz ?E,ﬁ'ENCI,A- 'N’:?VAC"bN Centro de Investigaciones ", . "+o® at Research Infrastructures. "7.'.2_3 (:
A a IVERSIDAD! Energéticas, Medioambientales “a September 25th to 27th - Madrid, Spain Clismat {'
y Tecnoldgicas Emé“‘d e r

Validation of technologies to be used in research facilities under real conditions.
Centro de Energlas Renovables (CEDER-CIEMAT)

CT-LEV1
CT- ARFRISOL CT-01 CT-02

CT-PEPA I & Data Center (Monitoring and Control)
E] 30kW % Power Measurement Device
«---- Power measurement COMM
<---> Power/ON-OFF Commands COMM
e 15 kV power line
[ Transformation Center
£ PV generation

| Wind Generati
15KV ‘D';demi’:::n : 40 KV ZZ 15 KV ]/ { {(T/ {
% Hydro generation /Pump
: mBattuyStomge 2 5 |

RED SUBESTACION

CT-LEVI E07 \
00w ! .Ja o ; SUMINISTRO St ANILLO
5 ’lt‘ 3,5kW /m 15k b éwl:':uw e CEDER
$ CEDER Microgrid

,L 50 kw

E] 50 kw

T céder
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. : I
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1 1 1 GRID
Ttest and validate new technologies, strategies and EMLATOR
equipment under real conditions to demonstrate e
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CONCLUSIONS

1. Sustainability goes hand in hand with reliability.
2. Both the research facility and the electric grid must be considered.

3. Energy storage is one of the key issues to improve reliability in research facilities. In particular
high-power technologies fit better the requirements.

4. Hybrid energy storage is taking very much importance since adds advantages of several
technologies in particular applications.

5. Some case studies and experiences have identified the critical issues that compromise reliability
(stability, reactive power compensation, filtering harmonics and get immunity against network
transients). Energy storage is being used to overcome those challenges.

6. Flexible experimental plants are essential to validate technologies, equipment and operation
strategies before being installed in a big research facility.

Energy Storage: an alternative to increase reliability in power systems and facilities.
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Thank you for your interest!

marcos.Lafoz@ciemat.es

Electric Drives Unit Laboratory
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