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Personal Background

2002: Bachelors in Electrical & Electronic
Engineering from Bangladesh University of
Engineering & Technology (BUET);

Worked for 3 years as an Assistant Project
Manager in a Power System Development Project
(New 230/132kV Tr. Line & Substation) in
Bangladesh;

5 years as an Asstt. Divisional Engineer in a
Telecommunication Company in Bangladesh;

2010-2016: PhD in Electrical Engineering from
Univ. of Texas at San Antonio (UTSA) with Power
Electronics major;

2017: Joined Sandia National Lab. as a
Postdoctoral Appointee in the Energy Storage
research group.
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» Power Electronics is an enabling technology;
» It synthesizes, processes, converts, conditions and controls
the power flow;
« Approximately 30% of all electric power currently generated
uses PE somewhere between the point of generation and
distribution. By 2030, it is expected that 80% of all electric
power will flow through PE.
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» High performance computing lab;

> Simulation Software (Matlab®/Simulink®,
PLECS®, PSIM®:

» Hardware in the loop (HIL) forthcoming.




Energy Storage Technologies
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* Pumped Hydro

* Compressed Air Energy
Storage (CAES)

Two regimes, multiple technologies:
Power — short discharges (sec to min):

Energy — long discharges (min to hr):

flywheels, capacitors, SMES, some batteries

batteries, H, fuel cells, CAES, pumped hydro

= Batteries
» Sodium Sulfur (NaS)
Flow Batteries
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= Superconducting magnetic
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Grid Energy Storage ) &=,
Challenges

Cost competitive storage technology - Life-cycle cost, efficiency, ED, cycle
life, capacity fade etc.

* Lack of understanding in ES cell performance in grid-level system,

* Optimization and efficient coupling between electro-chemistry of storage
medium and power electronics for grid interface,

Validated reliability and safety — essential for user confidence;

Equitable regulatory environment — reducing institutional and regulatory
hurdles;

Industry acceptance — industry should have confidence that storage will
deploy as expected, and deliver as predicted and promised.

Source: Grid Energy Storage — U.S.DOE, December 2013
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State-of-the-art PE
Converters In ESS

Typically works at a series-string level
or a battery-pack of series-parallel
combination of Cells;

This topology doesn’t optimize Cell-
level control;

No ready data available to
identify faulty Cell(s);

Doesn’t analyze pre- and
post-safety issues;

Storage Cells

Sandia
ﬂ" National

B _ Laboratories
T %
Vo = X (Vg + Vg + -+ + Vpy)
4
|+ +
T = - 3t
sl Vo = .
|
: DC-DC Centfal 60 Hz AC
! Converter nverter Transformer  Distribution
_
L, Grid
T A State-of-the-art Rower Electronics
Energy Converter topology in BESS

Rattarv Park  RMS

Battery Energy Storage%ystem g

ith individual

Multiple
Battery Packs - N
Rattarv Parcrk  RMS k" = Converter Electronics |gigiectional
3 Power Flow
Battery Pack & BMS iimsion me )

Power Flow

| d ==t -
lﬂsp.rr\::; {V, 1) Measuremen ts % Control signal

-

& % Supervisory System Control ]
A

pemand | (Real time computer control)

’[m ( > Detailed
§ sssaal Battery Model Opti
! ptimal
SOH utilization
Better Cell-

Ti . . |
ks Optimizer/ | ay
Balancing Solver

: [
T
.. X

Advanced
BMS

-

J
Power Command /

Communication
L
b

Data Acquisition, Monitor and Control
System (Supervisory level control)

Grid Parameters: [P, Q, V, 6, ...]

BMS Image reproduced with permission from M.T.Lawder et al.



PE Research for ESS @) ==
@ SNL (org. ss11)

The lithium cobalt oxide/graphite system
has been chosen as a benchmark
chemistry in developing the BMS ;

Through Sandia-developed technology
significant insights into degradation
can be discovered, previously
unachievable;

Meaningful data, thus obtained,

will be used to design control- Li-CoO, Batteries under testing condition
algorithm fOF BMS,’ Photo Courtesy: Heather Barkholtz, SNL
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Proposed Solution

A novel GaN-based micro DAB (LDAB)

DC-DC converters will be considered for — 3

cell-level monitoring and to achieve —_Ili— V’_'B1 13t \J{’l
better efficiency; ] Ve = YV, + Vy + -+ Vi)
This topology eliminates the need of a —-Ili— Ve 1 3EH - v, Ak A
bulky 60Hz transformer at grid | - ~
interface, thus reduces size and |
i i | Central AC
increases overall power density; e ; R Inverter  Distribution

—I: V;K 1| }{]I Vk Sl
This will enable real-time

Energy DC-DC

monitoring and management
for safer and more reliable
operation by expending and
predicting cycle life, as well
as understand the earliest
indications of failure;

Storage Cells uDAB Converter

Proposed Cell-level Power Electronics
Topology for BESS



How Dual Active Bridge (DAB) Works!
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Nicd ix V220 > Dual active bridge has similar power-flow
principle; [R. W. DeDoncker et al. - 1991]
ACbus-1 ACbus-2 » Two phase-shifted square waves;
P = %sincﬁ » Phase-shift controls the power flow;
Power-flow through a transmission line > At d=1, full soft-switching range (0<¢ <90°)

Phase-shit, &
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Future Research on
Power Electronics for ESS

« As per the requirement of storage medium and the load
(/grid), novel PE converter topologies can be explored,;

» Adopting the advantages from advanced device (e.g. SIC,
GaN) and components (e.g. magnetics, capacitors);

« Designing PE converters targeting cost, power density,
efficiency, reliability;

« Control optimization of PE converters;

« Ensuring safety in ESS using power electronics;
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Contact: M A Moonem, PhD Contact: Stanley Atcitty, PhD

Postdoctoral Appointee, Distinguished Member of

Energy Storage Tech. & Systems Technical Staff,

Org. 8811, Sandia National Lab. Energy Storage Tech. & Systems
Phone: 1-505-284-7913 Org. 8811, Sandia National Lab.
E-mail: mmoonem@sandia.gov Phone: 1-505-284-2701

E-mail: satcitt@sandia.gov
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