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Agenda

• Planning	the	transmission	grid	(TEP)

• Dealing	with	uncertainties	àmulti-scale	framework

• Based	on	international	experiences

… ongoing	work



Thinking	about	the	future…

Electric	Vehicle	penetration	will	
reach	80%?

Lithium	ion	battery	price	will	
halve	of	the	current	prices

Possible

Probable

Preferred



Thinking	about	the	future…

Possible

Probable

Preferred

“I	think there is a	world market for maybe five
computers”	- Thomas	Watson,	chairman of	
IBM,	1943	



Chilean	experience

“Metodología de	selección de	escenarios	energéticos robustos en	una	
planificación energética de	largo	plazo	en	el	marco	del	proyecto	de	ley	
de	transmisión eléctrica”	









1.	Factores



2.	Escenarios de
Insumos



2.	Escenarios de
Insumos



3.	Cuantificación



3.	Cuantificación



4.	Escenarios
Energéticos



MISO



Multi-scale	uncertainty	framework



Shaping	future	scenarios	for	TEP

• Experts	(stakeholders)

• Few	energy	scenarios	(3-6)
• Fully	renewable	
• BaU
• ….

• Parameter’s	uncertainty	

CAISO,	ERCOT,	WECC,	
eHighway2050,	Chile

Eg.	We	don’t	fully know net	demand
à ambiguity



Short-term	uncertainty

• Simplifications on the operational side in	TEP	models often lead	to	
very unrealistic models

• Operating	points	depends	how	future	unfolds	(consistency)

• Security	and	reserve	deliverability



Multi-scale	framework
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Long-term scenario uncertainty:               High economy growth
Long-term parameter uncertainty:  Total system demand

Short-term uncertainty:            Daily net load profile



Planning	with	uncertainty

Robust	approach

Probability-free



Choosing	a	framework

Conservativeness

Less	conservative

More	conservative

Applications
Short-term	with	well-known	uncertainty	
distributions

TSO

Long-term	investment	decisions

Short-term	problems	with	highly	
variable	uncertainty	or	long-tail	
distributions

CCO

DRO

ARO

Short-term	problems	with	uncertainty	
distribution	not	well-known	à non-
mature	markets	or	outages



Two-stage	stochastic	optimization

Adaptive	robust	optimization

Chance-constrained	optimization

Distributionally robust	optimization
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DRO	uncertainty	representation
• Family	of	known	distributions

• Moments	information (1st,	2nd,	..	)
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Partial	
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Delage and Ye (2010) 

Bertsimas et al. (2010) 

Zhu and Fukushima (2009) 
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Multi-objective	framework

H(x,ω) condenses the long-term parameter uncertainty and short-term uncertainty. 

Long-term	scenario

Pareto	efficient

Min-Max

Min-Max	regret



Second	stagePerfect	knowledge	uncertainty

Ambiguous	uncertainty	information



Moment	model	formulation
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Firstmoment condition	of	the	underlying	random	wind	generation	is	known	

For	each	fixed	x	∈ X,	we	consider	the	worst expected value	of	g(x,ξ)	over	the	
ambiguity	set	P:	



Moment	model	formulation
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Dual reformulation
Shapiro et	al.	(2009)	

Robust UC	as	semi-infinite
programming (SIP)



Case	study

1 2

3

f1 = 70

f2 = 70 f3 = 70

q1 = 300

cg1 = 25

q2 = 250

cg2 = 23

q3 = 600

cg3 = 21



Case	study

• We assume true	distribution is multivariate uniform
• Correlation among nodes is assumed to	be	0.8
• 1000	i.i.d samples

• TSO-TEP à Probability distribution (P)	
• DRO-TEP	à First moments (μ)	and	support set	(𝜩)	
• ARO-TEP	à Support set	(𝜩)	
• D-TEP						à First moments (μ).	No	uncertainty.	
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Known	information



Pareto	frontier
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Pareto	frontier:	regret
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Solution

x1 x2 x3 Z*	(obje)

DRO-TEP 0.00 130.03 60.03 20662.75

ARO-TEP 22.53 166.52 73.99 22925.21

TSO-TEP 0.00 131.31 61.31 20554.43

D-TEP 0.00 160.00 90.00 20662.45

Min-Max	Regret



Out-of-sample	tests

We	use	a	multivariate	normal	distribution	 	
with	known	mean	and	support	 set	à 5000
random	samples

Regret
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Conclusion

• Robust	transmission	expansion	plan	need	for	proper	representation	
uncertainty

• Probability-free	models:	DRO	and	ARO

• What-if	and	ARO	approaches	could	lead	to	high	regrets

• Ongoing	tests	on	large	cases	



A	Probability-Free	Model	for	Planning	Power	Systems	under	
Deep	Uncertainty

Thank	you!

David	Pozo	(Skoltech),Alexandre	 Velloso (PUC	Rio)	and	Alexandre	Street	(PUC	Rio)	


