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Introduction- GEP problem

Generation Expansion Planning (GEP) problem:

• Optimal investment plan for generation technologies

• It is a challenging problem:
• Large scale problem
• Presence of uncertainties



Introduction - DR

Recent versions of Smart grid’s GEP consider demand response 
(DR)  

Demand Response: “Changes in electric usage by end-use 
customers in response to supply side incentives1”

1 Energy Regulatory Commission

DR is an alternative for expensive capacity expansion policies



Introduction - DRU

1 Energy Regulatory Commission

Integrating DR in GEP is challenging because:

• Availability of resource depends on level of contribution to DR 
programs;

• Level of contribution is not known at the planning phase;

Failure to address DRU leads to inappropriate installed capacity; 
i.e. either shortage of electricity or wasted excess capacity.  

Robust Optimization (RO) and Stochastic Programming (SP) are 
two main tools to address DRU.



Introduction - RO

• Robust Optimization (RO) is an approach to address uncertainty 
when the distribution of parameters is not known.

• The uncertain parameters are only known to lie within a region, 
called uncertainty set, and the purpose is to identify solutions that 
are immune with respect to realizations of the uncertain parameters.

• Solutions obtained from RO are guaranteed to have the best 
performance in worst-case scenario of the uncertain parameter.



Introduction – MPRO

Multi-period RO (MPRO) refers to problems in which decisions are taken 
at different points of time:

• Here and now decisions need to be taken before any 
information about uncertainty is revealed.

• Recourse decisions could be delayed until after observing the 
realizations of all uncertain parameters.

• The purpose is to make the best first-stage decision assuming 
the worst cost will occur for the next period.
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ETEM – generation expansion model

• Energy-Technology-Environment-Model (ETEM)1

• Long term capacity expansion planning model.
• Planning horizon: 50 years

• Large scale linear programming
• Objective: minimize total cost of capacity expansion planning:

• Investment cost
• Fixed cost
• Variable cost
• Importation cost
• Exportation income
• Transmission cost

• Constraints: technology constraint, network energy balance, demand 
response constraint, economical and environmental constraints.

1 F. Babonneau, M. Caramanis, A. Haurie, Etem-sg: Optimizing regional smart energy system with power distribution 
constraints and options, Environmental Modeling & Assessment 22 (2017) 411–4



ETEM – Demand response constraint

Robust DR:

Budget uncertainty set:
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RETEM – Decision making chronology

• First-stage decision (𝑋)
• Capacity expansion plan
• Planned demand response

• Seasonal periodic decisions (𝑦𝑖)
• Energy production
• Energy import and export
• Regional transmission



RETEM – Problem formulation

Robust multi-period conservative approximation:

Multi-period adjustable formulation:



RETEM – Problem formulation

Robust multi-period conservative approximation:

Multi-period adjustable formulation:
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Decomposition algorithm
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Decomposition algorithm



Decomposition algorithm



Decomposition algorithm - Enhancement



Decomposition algorithm - Enhancement



Decomposition algorithm - Performance
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Case study

3 F. Babonneau, M. Caramanis, A. Haurie, Etem-sg: Optimizing regional smart energy system with power distribution 
constraints and options, Environmental Modeling & Assessment 22 (2017) 411–4



Results – Robust performance

Infeasibility percentage



Results – Robust performance



Results – Policy structure
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Case study



RETEM – Seasonal uncertainty set

We are using a lifted uncertainty set:

With true definition of matrices:



Results – Robust performance


