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This paper is concerned with generation and transmission expansion plan-
ning of energy systems with high penetration of intermittent renewable ener-
gy sources. Given forecasts of future values of load, fossil fuel prices and
investment costs, investments are defined by means of a mixed integer li-
near model that determines how the capacity mix should evolve in order to
meet the demand for electricity and fulfill policy targets while minimizing the
sum of operational, investment and decommissioning costs. An investment
schedule is determined for the decommissioning of existing thermal plants
and the construction of new generation capacity as well as of electrical re-
gional interconnections that results in the minimum cost. Policy goals and
environmental targets, such as fossil fuels and CO2 emissions reduction, are
explicitly considered in the expansion plan. In order to accurately study the
integration of large shares of renewable energy sources, a high level of tempo-
ral detail is required in this analysis. Due to the long time horizon expansion
planning problems may become computationally intractable. Most generati-
on and transmission expansion planning models reduce computational cost
by employing a rather low level of temporal and technical detail. In order
to obtain high accuracy without dramatically increasing computational cost,
we select a set of representative days by performing a clustering analysis on
input data. By selecting representative days, the proposed approach allows
maintaining a high level of temporal detail, resulting ideally suited to analy-
ze scenarios with high penetrations of intermittent renewable energy sources.
Numerical results show how the proposed model can offer a professional gui-
dance and support in strategic decision to the different actors involved in
electricity transmission and generation.

[1] A. Conejo, L. Baringo, S. Kazempour, A. Siddiqui, Investment in Elec-
tricity Generation and Transmission: Decision Making Under Uncertainty,

1University of Bergamo, Department of Management, Information and Production En-
gineering

2University of Bergamo, Department of Management, Information and Production En-
gineering

3CESI, Milano
4CESI, Milano

1



Springer International Publishing, 2016
[2] Meza J, Yildirim M, Masud A. A model for the multiperiod multiobjective
power generation expansion problem, IEEE Transactions on Power Systems,
vol. 22, n. 2, pp. 871-878, May 2007.
[3] Gu Y, McCalley J, Ni M. Coordinating large-scale wind integration and
transmission planning, IEEE Transactions on Sustainable Energy, vol. 3, n.
4, pp. 652-659, October 2011.
[4] Pozo D, Sauma E, Contreras J. A three-level static MILP model for ge-
neration and transmission expansion planning, IEEE Transactions on Power
Systems, vol. 28, pp. 201-210, 2013.
[5] You S, Hadley S, Shankar M, Liu Y. Co-optimizing generation and trans-
mission expansion with wind power in large-scale power grids - Implemen-
tation in the US Eastern Interconnection. Electric Power System Research,
vol. 133, pp. 209-218, April 2016.
[6] IRENA, International Renewable Energy Agency. Planning for the rene-
wable future: Long-term modelling and tools to expand variable renewable
power in emerging economies, 2017.

2


