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About the speaker 
§  Ph.D.	Illinois	Ins&tute	of	Technology,	2007	
§  Affiliate	Professor,	Auburn	University	(2011-)		
§  Adjunct	Professor,	University	of	Notre	Dame	(2014-)
§  Editor,	Applied	Energy,	Journal	of	Energy	Engineering	
§  Editor-in-Chief,	IEEE	Transac7ons	on	Smart	Grid	
§  Authored/co-authored	over	200	journal	ar&cles	and	50	conference	publica&ons	and	

5300+	cita&ons.	Recipient	of	the	IEEE	PES	Power	System	Opera&on	CommiXee	Prize	
Paper	Award	in	2015.	

§  Secretary	of	the	IEEE	Power	&	Energy	Society	(PES)	Power	System	Opera&ons	
commiXee	and	past	chair	of	the	IEEE	PES	Power	System	Opera&on	Methods	
subcommiXee		

§  Held	visi&ng	posi&ons	in	Europe,	Australia	and	Hong	Kong	including	a	VELUX	Visi&ng	
Professorship	at	the	Technical	University	of	Denmark	(DTU)	

§  Technical	program	chair	of	the	IEEE	Innova&ve	Smart	Grid	Technologies	(ISGT)	
conference	2012	
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Argonne is America's First National Laboratory and 
one of the World's Premier Research Centers 
§  Founded	in	1943,	designated	a	

na&onal	laboratory	in	1946	

§  Part	of	the	U.S.	Department	of	
Energy	(DOE)	laboratory	complex	
–  17	DOE	Na&onal	Laboratories	

§  Managed	by	UChicago	Argonne,	LLC	
–  About	3,398	full-&me	employees	

–  4,000	facility	users	

–  About	$760M	budget	

–  Main	site:	1500-acre	site	in	
Illinois,	southwest	of	Chicago	

§  Broad	R&D	porkolio	and	numerous	sponsors	
in	government	and	private	sector	

§  Three	Nobel	Prize	Laureates	
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Grid Modernization and a Vision for the Future 
§  Centralized		genera&on	
§  Genera&on	follows	load	
§  One-direc&onal	power	flow	
§  Limited	automa&on	
§  Limited	situa&onal	awareness	
§  Consumers	lack	data	to	manage	

use	
§  Limited	accessibility	for	new	

producers	
	
§  Centralized	+	distributed	genera&on	
§  Variable	resources	
§  Consumers	become	producers	
§  Mul&-direc&onal	power	flow	
§  Flexible	load	

Source:  ABB 2009;  Texas Tech 2012 
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My Version of the Future Power Grid 
q  Integra.ve	Planning	and	opera&on	

(temporal),	informa&on	technology	and	
power	engineering	(cyber),	integrated	T&D	
(spa&al),	supply	and	demand	(system-
wide)	

q  Interdependent	coupling	of	cri&cal	
infrastructures	(e.g.,	gas,	water,	power,	
communica&ons.)	

q Robust,	Flexible	and	Resilient	(e.g.,	
uncertainty	and	variability	of	clean	
renewable	energy,	extreme	weather	
events)	

q Hybrid	Dynamic	Control	Architecture	
centralized	(e.g.,	HPC	for	faster-than-real-
&me	interconnec&on-level	simula&on	AND	
decentralized	(e.g.,	microgrids,	electric	
vehicles,	power	electronics-interfaced	
genera&on)	

q Cyber	and	Physical	Secure	

Source:  DOE, 2011 
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New York State Reforming Energy Vision (REV) Initiative 

§  Increasing	requirements	for	grid	
resilience	aner	Hurricane	Sandy	

§  Distribu&on	–	level	electricity	
market	

§  Diverse	par&cipants/resources	
(DR,	DG,	microgrids,	storage,	
etc.)	

§  Distribu&on	System	Plakorm	
(DSP)	

§  Market	plakorm	and	market	
rules	

§  Challenges	exist	–	distribu&on	
OPF,	market	clearing,	etc.	

Argonne	is	suppor&ng	NY	REV	ini&a&ve	



Introduc.on	to	Microgrid	
•  The	concept	of	microgrid	was	first	introduced	
as	a	solu&on	for	the	reliable	integra&on	of	
DERs,	including	Energy	Storage	Systems	(ESSs)	
and	controllable	loads.		

•  Grid-connected	and	island	modes	and	
transi&on	between	the	two	modes	

•  Reliability,	Efficiency,	Security,	Quality,	
Sustainability	
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Microgrid	Defini.on	

U.S.	Department	of	Energy	Microgrid	Exchange	
Group:	A	microgrid	is	a	group	of	interconnected	
loads	and	distributed	energy	resources	within	
clearly	defined	electrical	boundaries	that	acts	as	
a	single	controllable	en&ty	with	respect	to	the	
grid.	A	microgrid	can	connect	and	disconnect	
from	the	grid	to	enable	it	to	operate	in	both	
grid-connected	or	island-mode.	
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Introduc.on	to	Microgrid 
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DOE FOA 997 - Research, Development, and Testing of a Master Controller 
with Applications to the Bronzeville Community Microgrid System  
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DOE FOA 997 - Research, Development, and Testing of a Master Controller 
with Applications to the Bronzeville Community Microgrid System  

§ Goal:	Develop	a	Master	Controller	for	a	
Community	(McCom)	with	applica&ons	to	
the	Bronzeville	Community	Microgrid	
(BCM),	and	develop	an	interconnected	
microgrid	system	design	and	test	plan	in	
the	Chicago’s	Bronzeville	community.		

§  Tasks:	(1)	a	microgrid	testbed;	(2)	
autonomous	microgrid	clusters;	(3)	cost/
benefit	analysis	of	alterna&ves	for	
microgrids;	(4)	new	reliability	and	power	
quality	standards	based	on	customer	
needs;	(5)	new	rates	and	tariffs	to	
correlate	microgrids	costs/benefits	and	
customer	payments;	(6)	terms	and	
condi&ons	of	service	for	microgrid	
customers;	(7)	market	mechanism;	(8)	
service	differen&a&on	and	rates	

§  Impact:	McCom	will	help	meet	the	DOE	targets:	(1)	98%	reduc&on	in	outage	&me	of	cri&cal	loads,	(2)	
20%	reduc&on	in	emissions,	and	(3)	20%	improvement	in	system	energy	efficiencies.			
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Design, Implementation, and Testing Advanced Microgrids 

ComEd	Community	Microgrid	in	Bronzeville	Chicago	

Partnered	with	ComEd	Co.	to	design	and	test	the	community	microgrid	in	Bronzeville	Chicago	

Interac.ons	between	Mul.ple	Microgrids	and	Distribu.on	System	

Impact	analysis	between	mul&ple	microgrid	controllers	and	ADMS	

Reconfigurable	Microgrids	to	Mi.gate	the	Influence	of	Natural	Disasters	

Implement	dynamically	reconfigurable	microgrids	to	facilitate	service	restora&on	aner	disasters	

Real-.me	Testbed	for	Tes.ng	Microgrid	Controllers	and	Advanced	Applica.ons	in	DMS	

Partnered	with	Eaton	Co.	to	implement	the	real-&me	testbed	based	on	OPAL-RT	plakorm	

Op.mal	Design	Tool	for	Remote,	Resilient	and	Reliable	Microgrids	

Partnered	with	LBNL	and	other	na&onal	labs	to	develop	op&mal	design	tool	for	remote	microgrids	
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Power Grid Resilience 
§  PRESIDENTIAL	POLICY	DIRECTIVE/PPD-21	
The	Presiden&al	Policy	Direc&ve	(PPD)	on	Cri&cal	Infrastructure	Security	and	
Resilience	advances	a	na&onal	unity	of	effort	to	strengthen	and	maintain	
secure,	func&oning,	and	resilient	cri&cal	infrastructure.	

§  Bulk	Power	System	Restora&on	
–  Integrated	Restora&on	Model	
–  Restora&on	Solu&on	Refinement	
–  Solu&on	Algorithms		
–  Op&mal	Black-Start	Resource	Procurement		

§  Distribu&on	System	Restora&on		
–  Microgrid	forma&on	
–  Network	reconfigura&on	
–  Crew	scheduling	

§  Working	closely	with	FEMA,	MISO	and	PJM	
§  Tied	to	Smart	Ci&es	
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Argonne’s Comprehensive Set of resilience tools 
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Bulk power system restoration
• Integrated optimization model 

(produces an initial restoration 
plan)

• Power system simulator (checks 
restoration plan feasibility)

Distribution system restoration 
• Distributed multi-agent 

coordination scheme for global 
information discovery

• Dynamic microgrid formation 
using distributed generation

Bulk Power System Restoration – Highlights of Our 
Modeling and Analysis Approach 

§  Advanced	simulator	that	
validates	restora&on	plans	
(e.g.,	line	overloading,	
frequency	excursion,	
voltage	limits,	etc.)	

§  Integrated	restora&on	of	
both	bulk	power	and	
distribu&on	systems	

§  Integrated	model	that	simultaneously	op&mizes	
system	sec&onaliza&on	and	generator	startup	
leading	to	a	global	op&mal	solu&on	
–  Maintain	load-genera&on	balance	
–  Minimize	overall	restora&on	&me	
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Distribution System Restoration - Our Approach 
§  U&lize	distributed	generators	(DGs)	and	automa&c	switches	to	form	several	microgrids	

aner	a	large	natural	disaster		
§  Con&nue	supplying	cri&cal	loads,	aner	major	grid	faults	
§  Use	distributed	mul&-agent	coordina&on	scheme	for	global	informa&on	discovery:	

increased	resilience	over	centralized	communica&on	schemes	(single	point	of	failure)	
§  Objec&ve:	maximize	the	total	weighted	load	picked	up	by	forming	microgrids	

energized	by	DGs	
§  Mixed	integer	linear	programming	(MILP)	

formula&on	considering	both	topology	
and	opera&onal	constraints	
–  Decision	variables:	ON/OFF	status	of		

remotely	controlled	automa&c	switches	
(binary);	output	of	DG	(con&nuous)	

–  Constraints:		Topology	constraints,	power	
flow	constraints,	voltage	range	constraints,	
distribu&on	condi&on	constraints	

§  Leads	to	more	resilient	distribu&on	system	
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Two-way communication link

Reference: C. Chen, J. Wang, F. Qiu, D. Zhao, Resilient Distribution System by Microgrids Formation After 
Natural Disasters, IEEE Transactions on Smart Grid, in press. 
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Conclusions 

§  Our	electric	power	industry	experiences	unprecedented	
changes	at	a	stunning	pace	

§  Significant	supply	side	changes	that	include	con&nued	rapid	
growth	of	renewables	and	changes	in	our	thermal	power	
genera&on	mix	may	lead	to	changes	in	markets,	system	
opera&ons,	and	system	planning	

§  New	consumers	and	new	technologies	may	alter	our	demand	
situa&on	significantly	and	lead	to	more	uncertainty	in	demand	
forecasts	

§  Smart	grid	offers	both	opportuni&es	and	challenges	
§  New	approaches	to	data	management,	analysis,	and	modeling	

will	be	needed	
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Contact	info:	
	
Jianhui	Wang	
Energy	Systems	Division	
ARGONNE	NATIONAL	LABORATORY	
9700	South	Cass	Avenue,	Bldg.	362	
Argonne,	IL	60439	
Tel:	+1	630-252-1474	
jianhui.wang@ANL.gov	


