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Outline

* Introduction: the Center for Advanced Technology, Center for Integrated Electric Energy Systems
* Grid energy storage projects at CIEES

* Phase | ONR project: improved recovery of isolated network

* Phase Il ONR project: managing the pulsed loads

* Power electronics development

* Generation from renewable fuels
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CAT network in NY state
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CIIES scope

Grid technologies Renewables and integration Energy storage
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How CIEES is helping NY businesses

Research Workforce development

* Evaluation and testing * On-campus internships * Matching of federal funds
* Product development * Training * Reduced overhead
* Joint research projects * Student entrepreneurship * Assistance with proposals
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Case: evaluation of molten-salt battery
technology

Peak usage at East End of Long Island Molten salt batteries
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Case: evaluation of grid-tied Vandium flow
battery by StorEn Technology

Installation Installed battery Decommissioning
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Addressing microgrid resilience

Phase | : Fast recovery after a perturbation Phase Il : Pulsed load management
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Phase I: test grid Matlab model

Modes of Operation: 1. Charging of Battery

——

Phase Voltage

Mil-spec Li-ion batteries by a NY company, Brentronics

DC-AC: Schneider Electric Conext XW Pro 6848
Battery: Brenergy 4850 Series 100 AH  liago cot
HIL: Typhoon HIL 402

Power . .

pro

—— ———— Comm/Control Voltage Control i

[Stote of Charge + Droop + /|
DC-AC —
Battery |
RS 485 -' |
|

l— — — - - —
has |
L //r =t
w |
|
J S |

Y . -
|

SCADA 1

® Analysis on data sets under different operating modes: Inverting, Charging of battery, and Grid Suppo
mode has been performed and validated for single inverter.

Fast Fourier Transform Analysis of Charging
These results are then further analyzed on MATLAB. operation
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Matlab Simulink model of the test microgrid

Cortr p— G %gij
[_fFren _ i <Qmeas L <o)
B
Load increased at 0.5 s 00p_On
Inverter 1 PGC —< [PQdyn]
500 kW biks ‘
A 4
< 2 Qo < m Q © < g
Droop Control enabled at 25 [ <o o ) essuernents = — T b % Loads @ Variable load
— E— > il = =
Supervisory control enabled at 4s <o) et = ﬂ
[Broop_On > 00p_0n =
Inverter 2
esd =) 0ok POC Frequency tH) 555y
 Ee—— i _— Frews =X * Developed Droop control for
- <Pmeas (e >l _ P PCC (kW) o000
[t or | Enable = ~ inverter 3 = g poc_k
s i Eae — y W arco s parallelly connected Inverters
Microgrid = 1 " Qpge
Stgorisoy Con i =V poc fcives el ¢ Equal load sharing amon
[ e o q g g
Inverter 3 PCC Measurements H H
T inverters achieved

Simulink Block: Droop Control Technique for Multi-Converter Microgrid (Islanded Mode) * Supervisgry control system
(t=4s) brings back the Volt.

And freg. to nominal values.

s>, <Pmeas>

Active and Reactive Power Outputs of PCC Measurements
Inverters (in PU)
10
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2. Inverting

Experiment: grid support and Li-ion charging

o] 2 4 6 8 10
Inverting operation waveform of Conext XW pro

Fast Fourier Transform Analysis of

|

G ri d S u p po rt Inverting operation
49 30 m —ih
jw ‘y‘q‘w“ ™ |

£

Time(s)

Fast Fourier Transform Analysis of Grid

Time(s)
Grid Supporting operation waveform of Conext XW pro support operation
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Analysis on data sets under

different operating modes

has been performed and validated:

These results are then further

analyzed in MATLAB.
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Grid reaction to simulated faults, loads and
islanding

Transient analysis at
microgrid setup for
robustness and resiliency
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Mode: Master Charging & slave Inverting : (Charging
Current = 34 A & Load included), protection circuit
breaker trips to avoid over grid current.

Inverter turn on
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Introduction of fast, connected inverter

‘\\ Resilient Converter

7
: losd | Ratigs

~=ao Three phase  P=3kW,
\, RL load Q=2kVAR
= R
‘b-_________—* Three phase  P=3kW
R load
m—"ﬂ" S P PCC (kW) EJ
SRS - % Dynamic P=4kW,
[Foe——] PCC Vab (Vims) Load Q=2 KVAR
L Pulsating P=4kW
MATLAB Simulink model of Resilient converter to enhance the resiliency of the setup Load

2 inverters (10kW, 8kW) are connected in parallel.

4 different loads(RL, R, Dynamic and Pulsating loads) are connected to the PCC through 2km feeder.

Different faults are applied at bus 2 between t=2s to t= 3s.

Dynamic load is varied at different time to validate the resiliency of the resilient power converter in case of both symmetrical and
unsymmetrical faults.

FAR
BEYOND 13




Simulated fault
q\\\w Stony Brook University imulated fau

Dynamic load turned on at t=2.5 sec, fault between t=2-3 sec

D t t ° t h = ‘ ‘ i—w?thout _r_esilient Converterq
e m o n s ra I o n Of e ’ ——with resilient converter |
[ ) [ ] [ ) M i

resilient inverter Phase i
‘>81 0.6 i
Operational resiliency curve in a microgrid 041 |
0.2+ i

0 L L =l L L

0 1 2 3Phase ll 4 5 6

Time (seconds)

Phase I: the disturbance process (t € [toe,tee]) 1s the time
P (el D Operational resiliency curve for symmetrical fault at bus 2

elapsed by the occurrence of the event.

. Dynamic load turned on at t=2.5 sec, fault between t=2-3 sec
Phase II: degraded state after the occurrence of the disturbance; 157 ‘ ‘ ‘ ‘ ‘
. ey = without resilient converter
(t € [tee,tor]) for operational resilience. oyt FES I E AT

Phase I1I: restorative state (t € [tor, Tor]) for operational
resilience.

Vpcc(in pu)

Time (seconds)

FAR Operational resiliency curve for unsymmetrical fault at bus 2
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14




q\\\V Stony Brook University

Detailed waveforms of the event

Dynamic load turned on at t=1.2 sec, fault between t=2-3 sec
' ! ‘ ——without resilient converter
. . . . . = —with resilent converter

¥
Vpcc(pu)

PCC Frequency (Hz)

PCC Vab (Vrms)

Time (seconds)

200 ] . - Vo paemi [
r \_M Operational resiliency curve for

unsymmetrical fault at bus 2

0 1 2 3 4 5 6

Load increased after the fault

12Dynamic load turned on at t= 3 sec, fault between t=2-3 sec
i 1
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Case for high-power supercapacitive storage

Keeping state of charge in safer
Cost of the bidirectional dc-dc converter capable of 100 ping &

kW power levels. limits i o )
Bounds on ultracapacitor power levels that will ensure - i
ultracapacitor plus dc-dc converter overall efficiency B0
>90%
Resulting charge and discharge rates on the battery o (- —
versus when in standalone operation Choniy SRS
Value proposition that makes a business case. ¥
a Y.. SuperCaps by a small NY company

The high-power dc-dc converter versus

the case of using twice the amount of battery. louxus

Automotive applications

‘ Thermal Electrical Electrochemical Hydrogen il Mechanical I
T T Bulk Power
End User ! T&D Grid Support ! Management
e JI ________________ JI. ___________ Energy Management Supervisofy
| Grid C: d U Controller
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I Pumped Hydro |
1 ! ! - B | L
g 3 i I Flow Battery = '
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& - Fuel Cell i Sodium-Sulphur Batiery  Sterage - AL
2 1 I Advanced Lead Acid Battery I ' Ruc
o 1 1
= ! | Li-lon Batiary ) )
g 8 : | 1 :
E 50 Lead Acid Battery | i
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High voltage test unit: test of balancing
and high voltage, high current

High Voltage Panel 220v Breakdown
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Testing of the charge retention in the modules
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DISCHARGE TEST AT CC/CV
V=30V, I=4A
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Shrinking the Size: Power Module Development

HS Gate & Kelvin Source 5-mil Al Main DBC DC+ HS SiC-SBD die AC LS Gate & Kelvin
High-T, PCB Routing wire-bonds Source Control

Board Input Header

LS Gate & Kelvin Source
HS Si-IGBT die High-T, PCB Routing Board

LS SiC-MOSFET
Silver-clip die Metal
Top Side
encapsulated

Interconnect \ P

TPG
Baseplate

HS Gate & Kelvin

DC-
SHyS Source Control 1200V 350 A H S
Input Header
. LS Si-IGBT

High-current rated Si IGBT die

Low-current rated SiC MOSFET TPG Enhanced Thermal
SupportDBC  HS SICMOSFETdie  LSSIC-SBDdie  Switching Cell - 11 Switching Cell - 2 Ma nagement

120

-

.“ A\% Busbars »

21dB

Magnitude (dBpV)

60
40
Conventional Module
Stacked DBC Module
20 -

10° 107 10%
Frequency (Hz)

BARNPC

OND . d) Comparison of CM noise in frequency domain
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ANSYS

Busbar Layer Information
D C+ Layer
e DC- Layer
DCM Layer
— AC Layer

DC:-link capacitors

Die
—

Laminated busbar

Substrate
Bas"éplate.__‘

Gate Driver Boards

SiC half-bridge
power module

SiC half-bridge
power module

< Liquid Coldplate
5iC common-source

power modules :
) Thermal mapping and flow velocity mapping, 1.5 GPM @ 70°C

Advanced
3D Printed Non-metallic coldplate

Gate Driver

Module

Jet Impingement
Cooling System

Test Setup (Rgon =5 Q, Rgorr =2.5Q)
Measured Common Mode Current l.:M

Optimized Jet-Impingement coldplate ; o Comentional Heatsink

. . . . Q ——Non-conductive Heatsink|
- =100
Temperature distribution, 150 KW, 1 GPM 3D.Pr.|nte.d with non-metallic material for EMI :
@70°C optimization g
Busbar is optimized for thermal/stray inductance/ stray %
: ]
capacitance E

10° 10° 10’ 108
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Generation: Dual Fuel RCCI of Anode Off-Gas

(Syngas) / Diesel

+ Reactivity controlled compression ignition (RCCI)
allows control of heat-release rate

*  Alow-reactivity fuel is introduced early and

premixed with intake air

* A high-reactivity fuel is injected into the combustion
chamber and mix with premixed charge before
ignition

* RCCl increases engine operating range for
premixed combustion

*  Global fuel reactivity {control combustion phasing)
*  Fuel reactivity gradients (reduce pressure rise rate)
*  Equivalence ratio and temperature stratification

* RCCI offers both benefits and challenges to
implementation of LTC

+ Diesel-like efficiency or better
*  Ultra-Low NOx and soot

*  Emissions challenges of THC and CO

I[W Stony Brook University
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RCCI Engine

(Compression Ignition)
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ONG-Diesel Dual Fuel RCCT Combustion

50

SOI=56° bTDC [pjection Timing Advance
SOI=E8° BTIX

» SOI=60° KTDC
SOI=62° bTDC

6o | | Injection Timing Sweep

Blend Ratio=40%

8

£

Cylinder Pressure [bar|

25 .20 15 -10 3 [] 5 0 15

DI~ High
reactivity fuel
diesel
Collaborators:
* NEXCERIS
* (Clero

* Brookhaven National Lab ..
+ Clemson University '
Funding:

* ARPA-E INTEGRATE

Crank Angle [CAD]

N

£l

ss Ieat Release Rate [JCAD
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Naphthenic Biofuel-Diesel Blends

Effects of Different Volume of Biodiesel on Engine
Cylinder Pressure and HRR
* Injection timing sweep was fixed at 5.5° before TDC
*  Injection Pressure was maintained at 550 bar

* Engine cylinder pressure and heat release rate
decreases as the volume percentages of the blended
biodiesel increases

* Combustion phased later with increased volume of
biodiesel

Ricardo Hydra
Engine Schematic

‘W Stony Brook University
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1 s 20
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_ 6 different sample surrogate fuels were prepared at Stony

Brook University

Surrogate fuel No.1 was blended from 10% to 50% by volume

with research grade diesel for experimental engine testing

N o7 7z
DOE Bioenergy Technology Office (BETO)
2021 Project Peer Review

March 16%, 2021
Co-Optimization of Fuels & Engines
Technology Area

Naphthenic Biofuel-Diesel Blend /
for Optimizing Mixing Controlled

Compression Ignition Combustion / .
Dimitrs Assanis. SUNY - Stany Brook (1) //
Ofei Mante. RTI [nteenational

Award Humber: DE-EE008481

WBS 35118) befter vehicles | sooner

outu.be/D4gP20dxZic

Collaborators:

+ Ofei Mante & David
Dayton, RTI

* Gina Fioroni, NREL

* Melissa Legg, SwRI

https:
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Hydrogen-containing fuels: engines with pre-
chamber

Large Eddy Simulations (LES) of =,

Expermerts
Partial Fuel Stratification (PFS) 5 —c/::
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Novel Lean-Burn Dual Pre-Chamber Concept

Cyfinder Pressur
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Future development: AC meshed grid

Mesh grid node

Inverter

Energy storage

Generator

20 ft shipping container
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