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Autonomous	Energy	Grids		
op#mized	for	secure,	resilient	and	economic	opera#ons	
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Communications 

• Current	power	systems	deliver	
electricity	in	one	direcBon	from	large	
central	plants	to	customer	loads	

• There	is	an	increasing	amount	of	
distributed	and	variable	generaBon,	
energy	storage,	and	new	loads	being	
added	to	the	grid	-	causing	bi-
direcBonal	power	flows	and	voltage	
fluctuaBons	that	impact		control	and	
opBmizaBon	

• New	intelligence	is	being	added	to	the	
grid	through	smart	devices	and	
communicaBons	-	drasBcally	
increasing	the	amount	of	informaBon	
available	about	grid	condiBons	

• There	is	growing	use	of	combined	heat	
and	power	and	natural	gas	generaBon	
–	increasing	interdependencies	with	
the	electrical	grid	and	other	domains	

• All	these	contribute	to	cybersecurity	
and	resilience	concerns	and	soluBons	

• Our	vision	is	to	develop	Autonomous	
Energy	Grids	that	are	opBmized	for	
secure,	resilient,	and	economic	
operaBons	through	advanced	science	
in	controls,	opBmizaBon,	big-data	
analyBcs	and	complex	systems		
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q  Equivalent	to	autonomous	vehicles,	“Autonomous	Energy	Grids”	do	not	
require	operators,	can	be	extremely	resilient	(self-healing)	and	can	
opBmize	themselves	for	reliability	and	economic	performance	while	
integraBng	energy	in	all	forms		

q  Need	to	advance	foundaBonal	science	to	develop	a	common	analyBcal	
framework	for	modeling,	opBmizaBon,	and	control	of	complex	systems	at	
mulBple	spaBal	and	temporal	scales	

Op?miza?on	Nonlinear	Control	

Big-data	Analy?cs			Complex		Systems		

+	

Smart	Grid	
Devices	

Cyber	Security	

CreaBng	Autonomous	Energy	Grids	–	Needs	in	FoundaBonal	Science	



Workshop	Focus	-	Technical	Areas	for	Autonomous	Energy	Grids	
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Big-data	Analy?cs			Complex	Systems	Theory	

Op?miza?on	
Theory	

Nonlinear	Control	
Theory	
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Non-Linear	Control	Theory	

Applica?ons:		
	

q  Low-inerBa	energy	systems	
q  Autonomous	and	fractal	grids	
q  Autonomous	electric	vehicles	

Advance	core	theory	in:		
	

q  Stability	of	networked	nonlinear	systems		
q  Existence	and	uniqueness	of	ODE	systems	
q  Nonlinear	model	predicBve	control	
q  Dynamic	programming	
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Highly	networked	system	



Op?miza?on	Theory	
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Nonconvex	
opBmizaBon	theory	

Convex		
OpBmizaBon	theory	

Advance	core	theory	in:		
	

q  Dynamic	and	distributed	opBmizaBon		
q  OpBmizaBon	on	manifolds	
q  Time-varying	monotone	operators	
q  Convex	relaxaBon	

Applica?ons:		
	

q  Real-Bme	opBmizaBon	of	power	systems	
q  TransacBve	mulB-energy	systems	
q  Cyber-physical	energy	systems	
q  Electric	(autonomous)	vehicles				
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Big-data	Analy?cs	

Advance	core	theory	in:		
	

q  Dynamic	regret	analysis	
q  Kernel-based	data	imputaBon	and	

predicBon	
q  Graphical	models	
q  Dynamic	Programming	

Applica?ons:		
	

q  ForecasBng	at	mulBple	Bme	scales	
q  Anomaly	detecBon	and	cybersecurity	
q  Energy	data	(de)compression	
q  Energy-customer	behavioral	science	
q  Autonomous	dispatch	center	
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Matrix	opBmizaBon	

Tensor	decomposiBon	



Complex	System	Theory	

Advance	core	theory	in:		
	

q  Fixed-point	methods	for	nonlinear	equaBons		
q  Model	reducBon	and	approximaBon	
q  Uncertainty	quanBficaBon	
q  Modeling	of	coupled	infrastructures	
q  Full	Bme	spectrum	modeling	

Applica?ons:		
	

q  Large-scale	mulB-energy	systems		
q  Synthesis	of	dynamical	models	
q  Feasibility	studies	
q  StochasBc	control	and	opBmizaBon	
q  Economical-dynamic	analysis	
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Autonomous	Energy	Grids	Workshop	

This	workshop	seeks	community	engagement	and	input	on	the	
science	and	technical	challenges	that	must	be	addressed	to	meet	
the	emerging	needs	of	Autonomous	Energy	Grids.	
	
Over	the	two	days,	we	will	explore	advances	in	non-linear	control	
theory,	opBmizaBon	theory,	big	data	analyBcs,	and	complex	
system	modeling.		
	
IdenBfy	the	gaps	and	challenges	in	theory	and	computaBon	
related	to	that	are	need	to	achieve	Autonomous	Energy	Grids	
	
IdenBfy	research	tools	and	capabiliBes	needed	to	meet	these	
challenges.	
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Enjoy	the	Workshop!	




