
Accepted Manuscript

A general model for the optimization of energy supply systems of buildings

E. Iturriaga, U. Aldasoro, A. Campos-Celador, J.M. Sala

PII: S0360-5442(17)31270-7

DOI: 10.1016/j.energy.2017.07.094

Reference: EGY 11282

To appear in: Energy

Received Date: 06 March 2017

Revised Date: 23 June 2017

Accepted Date: 13 July 2017

Please cite this article as: E. Iturriaga, U. Aldasoro, A. Campos-Celador, J.M. Sala, A general 
model for the optimization of energy supply systems of buildings,  (2017), doi: 10.1016/j.Energy
energy.2017.07.094

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.



ACCEPTED MANUSCRIPT

1 A general model for the optimization of energy supply systems of 
2 buildings.

3 E. Iturriagaa, U. Aldasorob, A. Campos-Celadorc, J.M. Salad

4

5 a LKS Ingeniería; Departamento de industria y energía, C/ Laida Bidea 207 C, 48160 Derio.
6 b BCAM – Basque Center for Applied Mathematics; Data Science Department, C/ Mazarredo 14, 48009 
7 Bilbao.
8 c Grupo de Investigación ENEDI; Departamento de Máquinas y Motores Térmicos, Universidad del País 
9 Vasco. Escuela de Ingeniería de Gipuzkoa, Alda. Otaola 29, 20600 Eibar.

10 d Grupo de Investigación ENEDI; Departamento de Máquinas y Motores Térmicos, Universidad del País 
11 Vasco. Escuela Técnica Superior de Ingeniería de Bilbao, Alda. Urquijo s/n, 48013 Bilbao.
12

13 Abstract
14 In this paper, a general model for the optimization of the energy supply systems of buildings is 
15 proposed. The model is based on a general superstructure that allows to include all the existing 
16 and future technologies, covering heating, domestic hot water, cooling and electricity. The 
17 model is linked to a Mixed Integer Linear Programming (MILP) problem that allows the selection 
18 of equipment and its operation, enabling the minimization of the annual cost for a set of 
19 constraints imposed by the designer, such as a Non-Renewable Primary Energy (NRPE) 
20 consumption limit.

21 The model has been applied to a case study consisting of a domestic building located in Bilbao 
22 (Northern Spain). 13 different technologies were taken under consideration together with the 
23 specific conditions of the Spanish context. Three different objectives were determined: (i) the 
24 optimal cost; (ii) the Zero Energy Building (ZEB); and (iii) the ZEB’, an alternative ZEB where the 
25 whole electricity consumption is considered for the calculation of the NRPE. The 3 cases were 
26 compared and analyzed and, finally, a parametric evaluation was carried out, setting the aspects 
27 that limit the feasibility of low energy buildings: economic feasibility and physical constraints 
28 such as roof availability for renewables.

29 Keywords: optimization, MILP, nZEB, ZEB
30

31 1. Introduction
32 Climate change and resource scarcity drive the need for an energy transition based on lowering 
33 primary energy consumption, increasing energy efficiency and promoting the production by 
34 renewable energy sources. This energy transition strongly affects buildings, which are 
35 responsible for 40% of the overall primary energy consumption of the European Union [1]. Along 
36 these lines, the Directive 2010/31/EU on the energy performance of buildings [2] aims to cut 
37 this consumption enforcing that, in the next decade, all new buildings, and gradually the existing 
38 stock, should be nearly Zero Energy Buildings (nZEB). 

39 nZEB is defined as a building of very high energy performance and the nearly zero amount of 
40 energy required should be covered to a very significant extent by energy from renewable 
41 sources. In this context, a Zero Energy Building (ZEB) would be an nZEB with no net non-
42 renewable primary energy consumption. The specific definition of nZEB is intended for 
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