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Outline 

§  Short-term Energy Resource Management 

§  Problem formulation 

§  Case study 
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Energy resource management 

§  Methodology to support Virtual Power Players (VPPs) in 
efficient short-term Energy Resource Management (ERM) 

§  Developing a short-term ERM methodology for: 

§  Hour-ahead scheduling 

§  Real-time scheduling 

§  The main objective is solve the short-term optimal scheduling: 

§  Maximizing the VPPs profit 

§  Test the impact of the intermittent behavior of the large wind farm 

Considering the influence of the day-ahead results 

5 minutes of anticipation, taking into account the 
hour-ahead results and the most recent forecasts 
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Energy resource management 

§  Hour-ahead scheduling: 
§  The best scheduling for the next hour, taking into account the day-

ahead scheduling and the most updated forecasts for the renewable 
resources and for the consumption (24 periods of one hour) 
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Energy resource management 

§  Real-time scheduling: 
§  Considering the influence of the hour-ahead scheduling. In this 

phase, only the resources that are connected to the network are 
considered (12 periods per hour) 
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Problem formulation 

§  Mathematical formulation has been used in the ERM 
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 ( ) ( ) ( , ) ( , ) ( , ) ( , )

1 1

( , ) ( , )
( , )1

( , ) ( , )
1

( , ) ( , )
1

DG SP

L

ST

V

N N

Sell t Sell t DG DG t DG DG t SP SP t SP SP t
DG SPN

Load L t Load L t
Dch ST tL

N

Ch ST t Ch ST t
ST
N

Ch V t Ch V t
V

Maximize f

MP P c P c P

MP P
c

MP P

MP P

= =

=

=

=

=

× +⎛ ⎞ × + × +
⎜ ⎟
⎜ ⎟× +⎜ ⎟
⎜ ⎟

−⎜ ⎟× +⎜ ⎟
⎜ ⎟
⎜ ⎟

×⎜ ⎟
⎝ ⎠

∑ ∑

∑

∑

∑

( , ) ( , ) ( , )
1 1

( , ) ( , ) ( , ) ( , )
1 1

( , ) ( , ) ( , ) ( , )
1 1

ST V

L L

DGL

N N

Dch ST t Dch V t Dch V t
ST V
N N

Cut L t Cut L t Red L t Red L t
L L

NN

NSD L t NSD L t GCP DG t GCP DG t
L DG

P c P

c P c P

c P c P

= =

= =

= =

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟

× + × +⎜ ⎟
⎜ ⎟
⎜ ⎟

× + × +⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟× + ×⎜ ⎟
⎝ ⎠

∑ ∑

∑ ∑

∑ ∑

Income Operation Cost 

Energy sold to the market 

Consumption 

Storage charge 

Vehicles charge 

Distributed generation External suppliers 

Storage discharge Vehicles discharge 

DR load curtailment DR load reduction 

Non-supplied demand Generation curtailed power 
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Problem formulation 

§  Network active and reactive power balance equations 

§  Voltage magnitude and angle limits 

§  Line thermal limit  

§  Limits of resources: 
§  DG units 
§  Storage units 
§  electric vehicles  
§  external suppliers  
§  Demand response reduction and curtailment 
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Case study 

§  33 bus distribution network 
§  66 DG units 
§  7 storage units 
§  218 consumers 
§  2000 Electric vehicles 
§  1 large wind farm 
§  10 external suppliers 

Forecast of large wind 
farm generation 
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Case study 
§  Hour-ahead scheduling 

§  Real-time scheduling 

The reducing the large wind in real-time 
scheduling had to select the: 
•  storage discharge 
•  electric vehicle discharge  
•  demand response programs 

The low wind generation was necessary to 
supply the load with energy from other 
resources. 
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Scheduling 

Day-ahead Hour-ahead Real-time 

Income (m.u.) 25 171 25 592 25 746 

Cost (m.u.) 16 506 17 022 17 178 

Profit (m.u.) 8 665 8 570 8 568 

Case study 

§  The income keeps approximately equal in the three 
phases, even when unexpected changes in the large wind 
generation are considered 

§  The cost increased significantly from the day-ahead 
scheduling to the hour-ahead scheduling, leading to a 
reduction in the VPP’s profit 

§  Results 
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