Accepted Manuscript

IEIMIER S

A Zone-Level, Building Energy Optimisation Combining an Artificial Neural
Network, a Genetic Algorithm, and Model Predictive Control

Jonathan Reynolds, Yacine Rezgui, Alan Kwan, Soléne Piriou

Pll: S0360-5442(18)30522-X
DOI: 10.1016/j.energy.2018.03.113
Reference: EGY 12571

To appear in: Energy

Received Date: 14 August 2017

Revised Date: 26 January 2018

Accepted Date: 20 March 2018

Please cite this article as: Jonathan Reynolds, Yacine Rezgui, Alan Kwan, Solene Piriou, A Zone-
Level, Building Energy Optimisation Combining an Artificial Neural Network, a Genetic Algorithm,
and Model Predictive Control, Energy (2018), doi: 10.1016/j.energy.2018.03.113

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.



(o)}

O LW 0

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29
30
31
32

33

A Zone-Level, Building Energy Optimisation Combining an
Artificial Neural Network, a Genetic Algorithm, and Model

Predictive Control

Jonathan Reynolds, Yacine Rezgui, Alan Kwan, Soléne Piriou

BRE Trust Centre for Sustainable Engineering
Cardiff University
Cardiff, UK
ReynoldsJ8@Cardiff.ac.uk

Abstract

Buildings account for a substantial proportion of global energy consumption
and global greenhouse gas emissions. Given the growth in smart devices and
sensors there is an opportunity to develop a new generation of smarter, more
context aware, building controllers. Therefore, in this work, surrogate, zone-
level artificial neural networks that take weather, occupancy and indoor
temperature as inputs, have been created. These are used as an evaluation
engine by a genetic algorithm with the aim of minimising energy consumption.
Bespoke 24-hour, heating set point schedules are generated for each zone in a
small office building in Cardiff, UK. The optimisation strategy can be deployed
in two modes, day ahead optimisation or as model predictive control which re-
optimises every hour. Over a February test week, the optimisation is shown to
reduce energy consumption by around 25% compared to a baseline heating
strategy. When a time of use tariff is introduced, the optimisation is altered to
minimise cost rather than energy consumption. The optimisation strategy
successfully shifts load to cheaper price periods and reduces energy cost by

around 27% compared to the baseline strategy.
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