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The massive integration of renewable systems (fluctuating and non-controllable) in the power
grid leads to difficulties in the system operation. These cause issues to the optimal energy
management. Then, an energy unbalance in the grid can occur.
 Considering a Smart Grid with renewable sources and flexible loads, the question is:
How to integrate different flexible loads by managing their power consumption, with
the purpose of offering ancillary services to the smart grid and maintaining the grid
energy balance?

Novel contributions

A methodology for loads aggregation is proposed, for providing ancillary services.
 Dynamic models are developed and tuned with experimental data.

» Definition of the ancillary services that each load can offer to the grid.

* The design of aggregators (optimal and classic controllers) able to provide the services.
* A specific flexibility definition for EV chargers.

 Aday-ahead and real-time strategies for EV stations, considering photovoltaic forecast.

Load aggregation methodology

1. Flexible load modeling.
Identification of a manipulable
variable and setup of the
modification limits.

2. Flexibility analysis.

For defining the ancillary
services: i) the load response
time; i) time the load can
keep a power modification;
and, iii) power capacity and
periods of time the load can
modify its consumption. -

3. Flexible load aggregator design. The process considers: i) Signal to be controlled; ii)
Ancillary service to be provided; iii) Bilateral communication with the System Operator
(SO); and iv) Bilateral communication with the flexible load.

4. Evaluation of the proposed aggregator by simulation. Simulations of each flexible
loads' controllers are developed in MATLAB software and Simulink tool for assessing and
validating the systems.
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Flexible load models and aggregators

The load aggregation methodology is assessed regarding three flexible loads:

» Water Booster Presure Systems (WBPS) .
 The dynamic model, tuned with real data (1.11% of error). e 1 f
System flexibility by changing the pressure set-point. T e e e R

Time [h]
achieved by the WBPSs.

Error <1% in the average power reduction

CONTROL PLANT

= A set of WBPS .”

A) Power reduc
g, 80 -
: , ,, by SN S, . Can provide sl
calculation calculation g 40r
. [ [ E ool
) PI Controller = E}T—T — Splnnlng reserve = 22
. 10
Gain-Scheduled controller for tracking a r signal services. T
(B) Number of systems activated for demand respon

» ThermokElectric Refrigeration (TER) Units

 Adynamic model of a TER unit is estimated from
experimental data (error < 1°C). -

* Flexible load by changing the temperature set-point. T e e e e e o
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(B) Number of TERs in the different set-points.

 Aggregator decides the set-point of each TER, based on a three-state signal (0,1, or-1).

> Electric Vehicles (EV) Chargers o \
» Adynamic model of an EV charger is developed. Bl { e SRR N
v’ Uncertainty on arrival time and arrival SoC are considered. o
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« EV charger flexibility capacity is defined as power
deviations attainable with respect to a nominal profile.
Novel strategies used by the aggregators for EVCS:
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1 Strategy for EVCS participation in Day-Ahead
(DA) and Real-Time (RT) Markets.

= Two novel strategies were proposed: e R o R
v A DA schedule, aiming to minimize the operation cost. (8) Forecasted and delivered PV power trajectories Py,
v ART dispatch, looking for minimizing the error on * S

following the DA schedule.
= The EVCS considers a Photo-Voltaic (PV) plant.
v APV model is proposed based on Bogota data.

Conclusions

* This research has provided aggregation strategies for improving smart grids management
when a high penetration of renewable energy sources is considered, helping to reduce
carbon emissions.

« Economic benefits can be obtained by the stakeholders, reducing operating costs and
obtaining profits from the ancillary service provision.

 Detailed technical solutions have been developed for the implementation of demand
response services through direct load control.
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(C) Grid power trajectories Pp.
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