Contents

3.3.3 Other Indices

1 Imtroduction ........... ... ... ... .. ... ... .. ...
1.1 Historical Perspective. . . .. ..... ... ... .. .. ...
1.2 Energy Management Inside Buildings . ..................

1.2.1 EU-27 Present Situation. . .. ....................
1.2.2  Present Situation in Spain . .....................
1.3 ScopeoftheResearch .. .......... ... ... ... ... ... ...
1.4 Outline of Chapters . . .. ....... ... ... ... ... ... ......
References . . .. ... ..

2 A Case Study: The CDdI-CIESOL-ARFRISOL Building. . . . . . ..
2.1 Introduction . ... ....... .. ...
2.2 Assumed Strategies/Actions . .. ........... ... .. ...

2.2.1 Building Enclosure . ... ....... ... ... ... ... ...,
222 Roof Shading . . ....... .. .. ..
2.2.3 Natural Ventilation . ... ....... ... ... ... ... ....
2.24 Solar Cooling Installation. . . .. ..................
225 Summary . . ...
2.3 Sensors and Actuators Network. . ... ... ... ... ... ......
2.3.1 Fieldbus Communication . . ... ..................
2.3.2 Sensors: Description and Location . ...............
2.3.3 Actuators: Description and Location . . .............
24 SCADA System . ......... i
References . . ... ...

3 Comfortin Buildings . ... .......... ... ... ... ... .. .. ...
3.1 Introduction .......... ... ... ..
3.2 Defining Users’ Comfort ... .......... ... ... ... .....

3.2.1 Thermal Comfort ............ .. ... .. .. .. .....
322 Visual Comfort. . ....... ... ... ... ... .. . ... ...
323 Indoor Air Quality . ........ ... ... ... ... ......
3.3 Thermal Comfort Indices . . .. ......... ... ... ... .....
331 PMVindex ......... ... ... ..
332 Adaptive Indices. . . . ... ...

— O N B W W= =

—_—

13
14
16
17
18
19
20
22
22
25
28
31
37

39
39
40
40
40
42
43
43
58
59

Xiii


http://dx.doi.org/10.1007/978-1-4471-6347-3_1
http://dx.doi.org/10.1007/978-1-4471-6347-3_1
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec4
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec4
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec5
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec5
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec6
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Sec6
http://dx.doi.org/10.1007/978-1-4471-6347-3_1#Bib1
http://dx.doi.org/10.1007/978-1-4471-6347-3_2
http://dx.doi.org/10.1007/978-1-4471-6347-3_2
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec4
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec4
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec5
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec5
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec6
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec6
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec7
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec7
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec8
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec8
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec9
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec9
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec10
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec10
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec11
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec11
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec12
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Sec12
http://dx.doi.org/10.1007/978-1-4471-6347-3_2#Bib1
http://dx.doi.org/10.1007/978-1-4471-6347-3_3
http://dx.doi.org/10.1007/978-1-4471-6347-3_3
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec4
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec4
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec5
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec5
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec6
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec6
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec7
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec7
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec11
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec11
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec12
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec12

Xiv

Contents
3.4 Visual Comfort Indices . ............. ... ... ... ..... 62
34.1 Iumination Level. . ... ....................... 62
342 Glare. . .. ..o 63
343 ColourRendering . .. ....... ... ... ... ... ... ... 64
3.5 Indoor Air Quality Indices . . ......................... 64
3.5.1 Indoor Air Quality Index . . .. ................... 64
3.6 Comfort Analysis .. ...... ..., 65
3.6.1 Thermal Comfort Analysis by Means
of PMV and PPD Indices. . .. ................... 66
3.6.2 Thermal Comfort Analysis by Means
of Givoni Diagrams. . .. ........... ... .. .. ..... 70
3.6.3 Indoor Air Quality Analysis by Means of IAQ Index ... 74
3.6.4 Main Conclusions of the Comfort Analysis . ......... 74
3.7 ConcCluSionsS . ... .. v ittt e 76
References . . ... ... i 76
Subsystems and Disturbance Models. . . .. .................. 79
4.1 Introduction . ........... .. ..t 79
4.2 A Typical Office Room Modelling . .................... 81
4.2.1 System Identification: Linear Time-Invariant Models ... 83
4.2.2 Artificial Neural Network Model .. ............... 92
4.2.3 First Principles Model . . . ...................... 98
4.3 Calibration and Validation Methodologies . ............... 114
4.3.1 Unknown Parameters Initial Estimation............. 115
4.3.2 Obtaining the Final Value of the Unknown
Parameters by Means of Genetic Algorithms . ........ 116
4.3.3 Results Obtained from the Unknown
Parameters Identification . ... ................ ... 119
434 Validation Results. . . ......................... 128
4.4 Disturbance Models. . . .......... ... ... 130
4.4.1 Time-Series Models . ......................... 131
4.4.2 Artificial Neural Networks. . .. ........ ... ... .... 135
45 Conclusions . ........ .. 138
References . . .. ... ... 139
Comfort Control Techniques for the Users of a Room. ......... 143
5.1 Introduction . ........... ... ... 143
5.1.1 Thermal Comfort Control Strategies . .............. 145
5.1.2  Visual Comfort Control Strategies. . ............... 148

5.1.3 Indoor Air Quality Control Strategies . ............. 149


http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec16
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec16
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec17
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec17
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec18
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec18
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec21
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec21
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec22
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec22
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec23
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec23
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec24
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec24
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec25
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec25
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec25
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec26
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec26
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec26
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec27
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec27
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec28
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec28
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec29
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Sec29
http://dx.doi.org/10.1007/978-1-4471-6347-3_3#Bib1
http://dx.doi.org/10.1007/978-1-4471-6347-3_4
http://dx.doi.org/10.1007/978-1-4471-6347-3_4
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec5
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec5
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec9
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec9
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec13
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec13
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec14
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec14
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec15
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec15
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec15
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec18
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec18
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec18
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec22
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec22
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec23
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec23
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec24
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec24
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec25
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec25
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec26
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec26
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Bib1
http://dx.doi.org/10.1007/978-1-4471-6347-3_5
http://dx.doi.org/10.1007/978-1-4471-6347-3_5
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec4
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec4

Contents

5.2 Theoretical Background . . ... ........... .. .. ... .. ....
52.1 BasicControl........... ... .. ...
5.2.2 Model Predictive Control. . . ....................
5.2.3 Nonlinear Model Predictive Control .. .............
5.2.4 Hierarchical Control .. ........ ... ... ... ... ....

5.3 Some Approaches Using Linear Controllers for Users’

Thermal Comfort. . . ......... ... ... .. .. .. ... ...
5.3.1 Thermal Comfort Hierarchical Predictive

Control Strategy . . . . .. oo i
5.3.2 Classical Predictive Control System Approach ........
5.3.3 A Comparison of Linear Controllers . . .............

5.4 An Advanced Control System: A Nonlinear Controller
for Users’ Thermal Comfort . . ........................
5.4.1 Optimisation Layer (Upper Layer): A Nonlinear

Model Predictive Control Approach . ..............
5.4.2 Control Layer (Lower Layer):

Fancoil MISO Controller . . .. ...................
543 Results. . ... ..

5.5 A Multivariable Nonlinear Controller for Thermal Comfort
and Indoor Air Quality. . .. ...... ... .. ... .. .
5.5.1 Introduction . ............ .. ... ...
5.5.2 Formulation of the Multivariable PNMPC Approach. . . .
553 Results. .. ...

5.6 Centralised Comfort Control for a Building . ..............
5.6.1 Introduction ............ ... ... ... ...
5.6.2 Controller and Optimisation Method . . . ... .........
5.6.3 Illustrative Results. . .. ... .. .. .. .. ... ....

57 Conclusions . . ..... ...t

References . . .. ... ... e

6 New Trends. ....... ... ... .. . ... .. .
6.1 Brief Review About New Trends in Comfort Control . ... ....
6.2 Distributed Comfort Control for a Building . ..............
6.3 Comfort Control Using Day-Ahead Pricing. . . .. ...........
6.4 Suggestion for Building Technicians . ... ................
References . . . ... ...

XV


http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec5
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec5
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec6
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec6
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec7
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec7
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec10
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec10
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec11
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec11
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec12
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec12
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec12
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec13
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec13
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec13
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec16
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec16
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec17
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec17
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec18
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec18
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec18
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec19
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec19
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec19
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec22
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec22
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec22
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec25
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec25
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec29
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec29
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec29
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec30
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec30
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec31
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec31
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec34
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec34
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec35
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec35
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec36
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec36
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec37
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec37
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec38
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Sec38
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec26
http://dx.doi.org/10.1007/978-1-4471-6347-3_4#Sec26
http://dx.doi.org/10.1007/978-1-4471-6347-3_5#Bib1
http://dx.doi.org/10.1007/978-1-4471-6347-3_6
http://dx.doi.org/10.1007/978-1-4471-6347-3_6
http://dx.doi.org/10.1007/978-1-4471-6347-3_6#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_6#Sec1
http://dx.doi.org/10.1007/978-1-4471-6347-3_6#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_6#Sec2
http://dx.doi.org/10.1007/978-1-4471-6347-3_6#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_6#Sec3
http://dx.doi.org/10.1007/978-1-4471-6347-3_6#Sec4
http://dx.doi.org/10.1007/978-1-4471-6347-3_6#Sec4
http://dx.doi.org/10.1007/978-1-4471-6347-3_6#Bib1

2 Springer
http://www.springer.com/978-1-4471-6346-6

Comfort Control in Buildings

Castilla, M.d.M.; Alvarez, J.D.; Rodriguez, F. de A.;
Berenguel, M,

2014, XX, 237 p. 129 illus., 118 illus. in color.,
Hardcowver

ISEMN: 978-1-4471-6346-6



	Contents

