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What	is	the	objective	of	a	transmission	plan?

To	define	3W’s:

• whether,	when,	and	what	types

• of	transmission	facilities	to	build

• minimizing	costs	and	maximizing	
economic,	reliability,	and	environmental	
benefits	for	the	future	operation	of	the	
system	to	society

Motivation	and	key	concepts
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It	is	key	to	consider	complex	interactions	between	
substitute	and	complementary	resources

• Transmission	resources	and	generation	
investment	and	sitting

– Proactive	vs	reactive	planning

– Anticipative	proactive	planning	to	foster	
investments	in	”correct	places”

• How	to	capture	such	complex	interaction?

– GT	co-optimization	plays	a	key	role!

– Competition	is	a	key	feature	needed	to	align	
gradients	and	make	things	work	as	expected

Motivation	and	key	concepts
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It	is	key	to	consider	complex	interactions	between	
substitute	and	complementary	resources

• Renewable	generation	and	reserve	levels
– Connecting	renewables	requires	more	reserves

• How	to	capture	this	complex	interaction?
– Uncertainty	modeling	plays	a	key	role!

Motivation	and	key	concepts
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Cheap reserve

Expensive reserves



It	is	key	to	consider	complex	interactions	between	
substitute	and	complementary	resources

• New	transmission	lines	may	avoid	expensive	
reserve	deployment	and	ensure	deliverability

– New	lines	can	bring	cheap	reserves	from	other	areas

– Voltage	Kirchhoff’s	Law	(KVL)	and	security	criteria
constraints	must	be	considered

• How	to	capture	this	complex	interaction?
– Short-term	operation	modeling	plays	a	key	role!

Motivation	and	key	concepts
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It	is	key	to	consider	complex	interactions	between	
substitute	and	complementary	resources

• Connecting	renewables	requires	more	reserves
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Role: reliability
(reserve deliverability)

Role: path

Cheap reserve

• Connecting	renewables	demand	new	lines	to	provide	both	path and	reliability
• It	is	crucial	to	represent	short-term	uncertainties	and	operational	constraints	

to	capture	the	reliability	and	flexibility	role	of	transmission	assets
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The	key	concepts	that	a	TEP	model	should	consider:

• Complex	interactions	between	transmission	
assets,	new	generation,	and	reserves

• Flexibility	and	Adaptability

• Short-term	generation	and	load	variability	

Key	concepts	and	best	practices
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Please, take a moment to read 
the first two articles



How	to	make	computer	models	to	capture	those	
relevant	feature?	

• We	need	to	tell	them	what	we	want
• But	it	can	not	be	done	case	by	case…
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How	to	define	a	good	practice?



This	is	the	goal	of	Operations	Research

1. We	express	our	goals	through	an	objective	function
2. We	teach	them	how	our	world	functions	through	mathematical	

expressions	(constraints	and	variables)
3. And	this	is	converted	into	a	code	that	runs	and	give	us	a	solution

• Depending	on	how	we	describe	the	world,	steps	1-3,	the	solutions	will	
be	more	or	less	realistic	(useful)…
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How	to	define	a	good	practice?



The	key	concepts	that	a	TEP	model	should	consider:
• Flexibility	and	Adaptability	against	uncertainty

– TEP	must	be	optimized	under	uncertainty
– Flexibility	to	consider	a	realistic	decision	setup	(policy)
– Framework	capable	to	capture	the	value	of	decisions	that	allows	

the	system	to	cope	with	many	different	long-run	scenarios	(with	
unconsidered	ones	too!	But	how?)

Key	concepts	and	best	practices
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The	key	concepts	that	a	TEP	model	should	consider:

• Short-term	generation	and	load	
variability	

– Security	and	reserve	deliverability

– Operational	constraints	and	
flexibilities

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

– The	operational	part	of	the	model	
provides	the	cost	and	reliability	
signals	for	the	investment	part
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Key	concepts	and	best	practices
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Call	
reserves!

Wind	lull	
here

We	can’t!	There	is	no	
transmission	capacity!

I	told	you	Mr.	Planner!
You	should	not	simplify	
what	is	not	simple

OK…	Ok…

Key	concepts	and	best	practices
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Simplifications	in	KVL	and	n-1	security	constraints
• Brazil	operates	the	system	through	a	two-step	SDDP-based	scheme

• Planning	step:	many	simplifications	to	asses	the	future	cost	function	(water	value)

• Implementation	step:	makes	use	of	tight	security	criteria	in	a	meshed	network

Inconsistency	threats
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21	century	TEP	must	account	for	many	different	types	of	
uncertainties	

Uncertainty
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• Long-run	drivers	
– Climate	variations
– Economy	and	Policy
– New	technologies

• Long-term	uncertainties
– Fuel	costs
– New	generation	siting
– Electrical	vehicles
– Load	growth
– etc

• Expert’s	long-term	scenarios
– We	need	a	good	process	to	obtain	scenarios
– We	need	to	involve	the	many	parties
– Avoid	partial	viewpoints	(bias):	quite	dangerous!	



21	century	TEP	must	account	for	many	different	types	of	
uncertainties	

Uncertainty
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• Medium-term	
– Renewables	seasonal	generation	
– Loads	seasonal	pattern
– Commodities	prices
– etc

• Short-term	
– Renewables	injections	
– Load	variability
– Contingencies
– etc

• We	need	new statistic	methods
– Multidimensional	models	(dependencies)
– Big	data	analytics	and	new	methods	to	simulate	well	the	stochastic	processes
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Optimization	models	and	frameworks
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Class	of	Static	Adaptive	Models

• Deterministic	adaptive
Invest

base case
scenario dispatch for the base case scenario

uncertain
parameters

𝜉 = 𝜉#, … , 𝜉& &

investment 
decisions

𝑥 = 𝑥#, … , 𝑥& &

multiperiod horizon
operation of the system

𝑦 𝜉 = 𝑦# 𝜉# , … , 𝑦& 𝜉& &

Investment decisions for all periods 
decided today and revised tomorrow

minimize
.

𝐶0 𝑥 + 𝑐3 𝑥, 𝑦 𝜉 , 𝜉
subject to: 𝐴𝑥 ≤ 𝑏

𝑇𝑥 −𝑊𝑦 𝜉 ≥ ℎ 𝜉
𝑥 ∈ 0,1 ?



Optimization	models	and	frameworks
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Class	of	Static	Adaptive	Models

• Static	adaptive
– Two-stage	stochastic	

– Two-stage	robust

– Distributionally robust

Invest

dispatch cost for all 𝑡, 𝜔 = 1

scenario 𝜔 dispatch cost for all 𝑡, 𝜔

dispatch cost for all 𝑡,𝜔 = 𝑁

Investment decisions for all periods 
decided today and revised tomorrow
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.

𝐶0 𝑥 + 𝜌E 𝑐3 𝑥, 𝑦 𝜉 , 𝜉
subject to: 𝐴𝑥 ≤ 𝑏

𝑇𝑥 −𝑊𝑦 𝜉 𝜔 ≥ ℎ 𝜉 𝜔 	∀𝜔 ∈ Ω
𝑥 ∈ 0,1 ?



Optimization	models	and	frameworks
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Class	of	Static	Adaptive	Models

• Static	adaptive
– Two-stage	stochastic	

– Two-stage	robust

– Distributionally robust

𝜉

• Distributionally robust is a promising field
• Experts can express their views through long-run scenarios
• Statistics describes short-term uncertainties conditioned to 

long-term scenarios

𝑓 𝜉 𝜃#
𝑓 𝜉 𝜃J

𝑓 𝜉 𝜃K

– Use	for	parameters	of	difficult	description:	
contingencies,	hourly	wind	and	solar

– Compatible	with	long-run	scenarios	made	
by	experts

– Worst-case	solutions	are	robust	against	
scenarios	not	considered
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Optimization	models	and	frameworks
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Class	of	Dynamic	Models

• Dynamic
– Multistage	stochastic

• Ben	&	Muñoz
– Dynamic	in	long-term	uncertainty

• Mario	Veiga Pereira
– Dynamic	in	mid-term	uncertainty

• Street,	Brigatto,	and	Valladão
– Dynamic	in	mid-term	uncertainty	
– Robust	in	short-term	(contingencies)

• Zou,	Sun,	Ahmed
– Binary-state	SDDP	approach

– Multistage	robust
• Álvaro	Lorca	and	Andy	Sun

– Dynamic	in	short-term	uncertainty

• Investment decisions follow a nonanticipative process
• In long-term studies, more than 5 years, it is crucial to go multistage!

Invest
𝑥#

Invest
𝑥L,#

Invest
𝑥L,M

Invest
𝑥&,#

Invest
𝑥&,M

Invest
𝑥&,#

Invest
𝑥&,M



Example	of	two-stage	robust	models
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• Expanding	lines	and	renewables	to	
meet	targets

• Co-optimization	of	generation,	
transmission,	and	reserve	levels

M
aster

Array of oracles

• Compound	security	criterion:
– n-1	and	n-2	with	zero	load	sheading	
– n-3	with	no	more	than	2.5%	load	sheading

• With	correlation	between	renewables	
generation



Example	of	two-stage	robust	models
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Wind spillage is mitigated while 
increasing security
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Models	need	to	consider

• Complex	interactions	between	
transmission	assets,	new	generation,	
and	reserves

• Flexibility	and	Adaptability

• Short-term	generation	and	load	
variability	

– The	value	of	operational	flexibility	can	
only	be	captured	if	short-term	
uncertainties	and	constraints	are	
considered

Conclusions
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Models	need	to	consider

• Robust	and	distributionally robust

– Use	for	parameters	of	difficult	
description:	contingencies

– Compatible	with	long-run	scenarios	
made	by	experts

– Worst-case	solutions	are	robust	against	
scenarios	not	considered

• Stochastic	

– Use	for	parameters	with	good	statistical	
properties:	inflows

– Representing	dynamic	decisions	allows	
for	capturing	the	value	of	postpone	
investments
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Publications	used	in	this	presentation



More	at	www.puc-rio.br/lamps

Slide 31

LAMPS team Some interesting publications 
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