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Chapter

Control Systems and Ornamental
Lighting. A Case Study:
[llumination of the Facade of
Santiago Hospital in Ubeda (Jaén)

Juan Cantizani Oliva, Eduardo Ruiz Vela
and José Zamora Salido

Abstract

We propose the analysis of the control systems associated with ornamental light-
ing applied to the architectural and monumental heritage from our teaching experi-
ence developed since 2017 at the University of Cérdoba—Illumination Faculty of
Philosophy of Cérdoba, year 2017, and Center of Experimental Culture in the Plaza
de la Corredera, year 2018—and the lighting project of the facade of the Hospital
de Santiago de Ubeda, Jaén. The DMX system is the one which mostly fulfill the
requirements of this kind of lighting. Its implementation is increasingly simple and
is associated in many cases with the type of luminaire to be used and the particular-
ity of differential wiring. This solution allows a personalized, creative, and dynamic
control and the adaptation of the daily lighting to different events of singular
character. It can be used as an instrument of economic revitalization of the tourist
and commercial sectors, and of diffusion of the architectural and historical heritage
values. The application of the Internet of Things (IoT) and Big Data could allow the
creation of a predictive model that helps the spectral design of light sources and an
objective tool that contributes to the confluence of art and science.

Keywords: ornamental, architectural lighting, control systems, personalized,
creative and dynamic control, DMX, differential wiring

1. Introduction

In recent years, architectural lighting has acquired special relevance as an
instrument to vindicate the architectural and historical values of heritage, and as
arevitalizing economical element linked to tourist and commercial sectors [1]. Its
concept has recently changed from a purely functional and security one, to a more
qualitative conception that contributes to the embellishment and singularization of
the city’s heritage [2, 3].

The benefits of including control systems in lighting are unquestionable—light
intensity regulation allows to reduce energy consumption enabling its adapta-
tion to different rates and changes [4]. Traditionally, control systems related to
architectural lighting have been associated with exterior lighting. The origin of
this technology lies in cinematography and entertainment. Until few years ago, the
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most widespread system was the linear analogical control, which was limited by the
number of channels, contacts, and connectors. With the arrival of microproces-
sors, the use of transmission systems using private protocols, incompatible with
each other, began. Thus, in 1986, the DMX512 aroused at the request of the USITT
(American Institute of theatrical technologies) to turn the communication system
into an efficient standard [5].

Recently, the DXM protocol is acquiring a great development in the field of out-
door lighting and especially applied to the architectural and entertainment types,
which together with the potential offered by LED technology, intelligent lighting
associated with Big Data and the Internet of Things (IoT) [6]; they make illumina-
tion that can be understood as a language “light as a language,” with the ability to
express and transmit different situations and events.

2. Methodology

The analysis and the classification of the different types of control are very
complex since most of the available information comes from trading houses, which
use different denominations and lead to their products’ diffusion and consumption.

In our case, the analysis of the different types of control arises not only from the
study of the existing available documentation but also from the teaching experience
developed in this field since 2017 in the Department of Electrical Engineering of the
Higher Polytechnic School in the University of Cordoba.

Methodologically, a first step is proposed by an objective analysis of the variables
that configure the different types of lighting control [7]. These variables have been
divided into four groups—systems, methods, and functionalities of the autono-
mous and networked systems—whose conjugation generates the different types of
control. This offers a global vision that allows us to frame and know which ones are
acquiring special prominence in architectural lighting.

Next, we will focus on the DMX method, as the most developed in this particu-
lar field, analyzing its characteristics and the elements that make up its installa-
tion, based on graphics associated with our teaching experience: Lighting Faculty
of Philosophy of University of Cérdoba, year 2017, and Center of Experimental
Culture (CEUX Building) in Plaza de la Corredera, year 2018.

Finally, we will analyze a practical case, specifically the lighting project of the
facade of the Hospital de Santiago in Ubeda, which is a tool that allows us to cus-
tomize the image of the building through the regulation, adjustment, timing, and
programming of different scenes of light and color.

3. Types of control systems: ornamental lighting applied to the
architectural and monumental heritage

3.1 Generalities

The attached table (Figure 1) includes the variables that may participate in the
configuration of the different types of control in the case of interior, exterior, and
ornamental outdoor lighting applied to the architectural and monumental heritage.

Control systems are classified as autonomous and network, depending on
whether there is interconnection between devices. Network systems are the most
used in architectural lighting, since they involve greater savings and flexibility to
combine different strategies. They can be classified into a network by groups, point-
to-point and interactive in case of interaction with the user (Figure 2).
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Figure 1.

Summary table of control systems and methods and the functionality of control systems. Source: own
elaboration. Preferential use: & interior lighting, &t exterior lighting, and M ornamental exterior lighting
applied to the architectural and monumental heritage.
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Figure 2.
Types of network control systems. Source: own elaboration.

In the first case, one can control a group of light points, while in the second, one can
control and supervise individually every points of light. The latter is the most used
in architectural lighting.

The methods of control must be compatible with the luminaire’s driver. There
are methods, such as phase-cut dimmable regulation or PWM, in which the regula-
tion is carried out in the voltage line itself, with distance being the most limiting
factor when working with direct electric current.

Other methods rely on a unidirectional signal, such as 1-10 V or DSI, since the
information flows in a single direction, from the controller to the lighting equip-
ment. In the first case, the signal is analogical on two wires sensitive to polarity,
while in the second, the system is digital, lacking the polarity cable and its topology
is free except for the ring or closed loop.

The Digital Addressable Lighting Interface (DALI) control is not exactly a
control method, but rather a bidirectional communication standard (IEC 62386).
It is independent of the manufacturer and only the logo guarantees compatibility
between the equipment. It provides 256 lighting levels that translate into power
levels between 0 and 100% [8]. The advantage of this technology is the bidirection-
ality of the system that allows receiving feedback on the status of the luminaire.
Being a digital system, the data cable lacks polarity and its topology is free except
for the ring or closed loop. This greatly helps the installation, making the system
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flexible and scalable. It can be point-to-point addressable, or be associated with
other devices; such as sensors or push buttons. It is a method widely used in both
indoor and outdoor lighting.

In front of DALI comes the DMX Control (Digital Multiple X) as a high-speed
control protocol (250 kb/s), which is highly developed in the field of stage light-
ing. In case of high channel density, DMX over Ethernet can be used, which allows
speeds of 10-100 Mb/s. Some trading houses have developed specific technology
in order to optimize and facilitate the installation and promotion of this method
of control.

The functionality of the autonomous control is related to incorporation of sen-
sors or other devices in the ON/OFF and DALI or DMX control. The functionalities
of network control can be carried out by means of manual control and automatic
control by occupation or regulation, by time, and by control post, the latter being
the most used in architectural lighting.

The central control station allows, through a processor and a specific software
package, to control, monitor, manage, and maintain the lighting system optimally.
There may be different levels of development, from a simple software to a multi-
user management and consumption tool, which provides total system information
(control, visualization, maintenance, individual consumption, reports, and alarms,
among others). These functionalities open a wide range of possibilities in the field
of architectural lighting [4].

Thus, there are multiple types of control, each one made by the addition of
a system and a control method, affected by different functionalities according
to the chosen option. In this scenario, with multiple options of control types for
indoor and outdoor lighting, we can frame the control systems associated with
architectural lighting. The most used control system is point to point network
with DMX method-over Ethernet or not-, and central control functionality [9].
This type of control is based on a high-speed control protocol, which is adapted
to the requirements of architectural lighting, since it allows dynamic lighting
installations and also the traditional static lighting to which we are used
today [10].

3.2 Control systems for LED lighting associated with ornamental lighting
applied to architectural and monumental heritage

3.2.1 DMX protocol (digital multiplex)

Control by DMX (Digital Multiple X) technology is a protocol, according to the
DMX512 standard, high speed (250 kb/s) or digital signal control system developed
by the USITT for the lighting of scenarios and shows. It is currently used increas-
ingly in the field of architectural lighting.

The DMX512 [11] is based on the international EIA RS485 standard. The RS485
transfers the information by a differential line made up of two conductors. It hasa
high immunity to electrical and electromagnetic disturbances, due to the intrinsic
characteristics of the differential amplifiers, which, in both analogical and digital
applications, remove all unwanted same polarity signals, amplifying the opposite
differential ones [12].

DMX requires a routing process for each luminaire. A DMX universe has 512
channels, each with a regulation capacity between 0 and 255. A monochromatic
light source controlled by DMX generally uses a channel to regulate the light inten-
sity, while an RGB projector will use three independent channels [13]. So, a DMX
universe can control up to 170 independent RGB luminaires.
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In projects with high channel density, DMX is used through Ethernet, which
transfers information at the speed of 10 or 100 Mb/s. The Ethernet network uses a
single connection cable for all the devices of the system, which allows great flexibil-
ity and a notable reduction of control cables [14].

3.2.2 Elements that make up the installation with DMX control method
3.2.2.1 Principles of operation

The DMX512 transmits sequentially the data to the channels in asynchronous
mode, at 250 Kb/s. When the transmitter has sent the information to all 512 chan-
nels, it informs that the transmission will be made to channel 1 soon and the next
cycle begins. The time spent in a cycle is about 22 ms, so short that you cannot
perceive its delay [15].

3.2.2.2 Luminaives

In order to control luminaires through DMX, they must have a driver [9]. Asa
general rule, the number of luminaires in each control module is limited and a DMX
signal amplifier must be added to the network in case of exceeding it.

3.2.2.3 Bypass and amplification boxes

The DMX bus only supports the online topology, and the Y-type branches are
forbidden, since they significantly degrade the quality of the signal and make trans-
mission unsteady [5]. In case of derivations, or when certain lengths are exceeded
(usually 300 m) or more than 30 nodes, it will be necessary to use bypass and/or
amplification boxes, which recondition the signal allowing to extend the distance of
use (Figure 3). These boxes can be isolated to solve eventual malfunctions caused
by rings to ground. In projects with a high density of DMX channels, DMX over
Ethernet can be used, which allows the use of optical fiber and TCP/IP topology.

Some trading houses use specific technology to optimize the installation. In the
case of Philips®, it uses equipment called DataEnablers that, as a bypass box, allow
the connection of data and power in order to simplify and guarantee the operation
of the installation [16].

3.2.2.4 Cabling

DMX512 uses a cable with two conductors according to the characteristics
indicated by the EIA RS485 standard. It consists of a twisted pair (Data (+), Data
(-), and GND) and shielded with a characteristic resistance of 120 ohm (Figure 4).

l = Luminaires

= Controller DMX lighting system
, Bypass and amplification boxes
_— Electrical power supply (L,N,PE)
Control (Data+, Data-, GND)

Figure 3.
Diagram of the DMX control scheme principles. Source: own elaboration.
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Figure 4.

Lighting and sound show Faculty of Philosophy in University of Cordoba, year 2017. Linear installation scheme
formed by Color Grace luminaives of 9° and 15 x 30°, three DataEnablers, iPlayer controller, and wiring
between supply (L,N) and data (D,GND) luminaires. As a temporary installation, a bypass box was not
placed. Source: own elaboration.

The maximum permissible length of the cable is about 300 m, because losses are a
limiting factor when using direct current [17].

A DMX terminator line with a 120 ohm resistor is used to remove a lot of noise
and flickering on the DMX line with fixtures since the transmission may be unstable
and can cause problems [18].

DMX via Ethernet uses a single connection cable for all the devices of the sys-
tem; this allows a great flexibility and a remarkable reduction of control cables [14].

3.2.2.5 Controller DMX lighting system

This device consists of a DMX controller, usually from 512 to 1024 channels,
which stores a series of sequences or prerecorded scenes. It allows the adjustment
of color, brightness, and intensity depending on different types of transitions [19].
It can be controlled manually or remotely, and it includes an astronomical clock for
programming according to the day and time of the week (Figure5).

There are higher performance controllers on the market, controlling up to 20
universes or 10,240 channels to 200 universes or 102,400 channels that use DMX
over Ethernet [14]. They may contain, in addition to an astronomical clock, a Web
user interface for remote management and the ability to be integrated in the same
network with other controllers.

3.2.2.6 Saas software

There are controllers that use software as a service (SaaS) hosted in the cloud
that allows the monitoring, administration, and remote maintenance of the lighting
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CENTER OF EXPERIMENTAL CULTURE (CUEX building). 9% Luminaire PHILIPS Vaya linear RGB [ Controller DMX lighting system. PHIILIPS IPlayer 3
Plaza de la Corredra. DMX control scheme: ———  Electrical power supply (L.N.PE) Control: (O+,D-.GND)

Figure 5.

CEUX building in Plaza de la Corredeva, Student Lighting Competition, year 2018. Linear installation scheme
was formed by Vaya Linear luminaives, which does not need DataEnablers, iPlayer controller, and wiring
between power supply (L,N,PE) and data (D+, D—, GND). Source: own elaboration.

installations. This solution is likely to acquire a great development in the near
future, since it allows administrators and designers to perform their functions in
the installation quickly and easily, monitor the performance of the system, and
instantly update the software and installation. It also allows the storage of data for
analysis (Big Data), diagnosis and remote solving problems, and long-term mainte-
nance and installation costs decrease [20].

4, Discussion

Traditionally, the control systems associated with architectural lighting were
considered as exterior lighting, being oriented in most cases to a simple time
control, and limiting its study to the analysis of uniformity coefficients and levels of
illuminance of facades.

Thanks to the evolution of the control systems used in the field of cinematogra-
phy, together with the possibilities offered by LED technology, the implementation
and development of the DMX protocol as a control system applied to the field of
architectural lighting is a credible fact. This control system offers the opportu-
nity for a new understanding of lighting based on the promotion of qualitative,
dynamic, and versatile aspects [21, 22].

This new conception of architectural lighting has not yet permeated deeply in
our society. This type of control makes possible that any installation can be config-
ured as a daily lighting, as a singular, or be part of any show; hence it is dynamic,
with changing nature and with personalization capacity [23].

Its implementation is increasingly simple and is associated with the type of
luminaire used. It only has the peculiarity that it responds to a differential wiring,
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which, although it reduces the formation of noise, makes its connections very
difficult. This aspect is solved when the DMX system is developed over Ethernet,
achieving greater speed and wiring without the above requirements. Obviously, the
development of these DMX systems also generates, as in the case of other control
systems, significant energy savings and reduction of CO, emissions [4].

The installation of the DMX control system requires the addressing of each
luminaire and the need for a specialized maintenance staff which may be a problem.
The new trend, based on the use of software (SaaS) with cloud service, can be a
long-term solution, since the updating and maintenance of the system is continuous
and instantaneous [24].

5. Conclusions

Color and light influence our emotions, mood, perception and performance;
hence, architectural lighting is a vital tool to enhance and revitalize our cities
through of the exterior lighting of its unique buildings [25].

The DMX control system is probably the type of control that best meets the
demands of current architectural lighting although scarcely widespread in our
society. This solution allows a personalized, creative, and dynamic control, which
allows heritage beautification, and daily lighting adaptation through its program-
ming to different events or singular shows [26].

Sector’s professionalization through dynamic and intelligent lighting systems
requires a highly trained staff. The replacement of an integrated luminaire in a
DMX control system, in case of failure, requires its addressing in addition to its
replacement, aspects for which the sector is not prepared. In this regard, there are
solutions based on DMX control over Ethernet or in the use of SaaS that would
facilitate remote monitoring, maintenance, and updating of the installation.

As alternatives, we must emphasize that the development of new technologies
applied to LED semiconductors can enable the design and spectral control of light-
ing. The use of the Internet of Things (IoT) and Big Data could allow the establish-
ment of a predictive model that helps to spectrally design light sources from the
consideration of daytime lighting which may result in a way to art and science
confluence [27].

6. Practical case of the illumination of the facade of the Hospital de
Santiago in Ubeda (Jaén)

6.1 Actual state
6.1.1 General description

The Hospital de Santiago de Ubeda was declared a national monument in
1917. After the closure of the Hospital in 1975, it was used as a cultural center for
exhibitions and congresses and a library. The building was designed by Pedro de
Vandelvira in 1562, although completed by his son Andrés. It was built between
1562 and 1575, and must be allocated, as stated in the founding statutes in 1562
established by Don Diego de los Cobos y Molina, to a hospital for patients with
“buboes” (afterward, the assistance to other diseases was extended), chapel for
divine worship, and place of burial [28].

This hospital, in relation to many others built in the sixteenth century in Spain,
stands out for its enormous monumentality. Built by Andrés de Vandelvira, it is one
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Figure 6.
External view and modeling Hospital de Santiago de Ubeda through DiaLux. Source: own elaboration.

of his most outstanding works and one of the best examples of Spanish hospital
architecture of the sixteenth century.

The floor plan is symmetrical and consists of a quadrangular central courtyard
chaired by the chapel, on whose corner is a monumental staircase. The main facade
was destined to sick rooms. The facade is preceded by a podium that rises above the
road (Figure 6). It has an important stone arch in the entrance door and two large
towers at the ends. The front windows, which were smaller in size, were enlarged
in the nineteenth century for hygienic reasons. The towers that delimit the facade
have more a symbolic than a functional value. They were covered by glazed tiles
and spires that were replaced from 1915 to 1965 by gable roofs, attaching a spire of
concrete tiles and pinnacles to the North. Due to its shape, it has sometimes been
called as the Andalusian Escorial.

6.1.2 Current description of the lighting installation
6.1.2.1 General characteristics of the installation

The measurement equipment is located in the outer box that is located at the
foot of the tower. It includes the luminaires that illuminate the main facade of the
hospital and those of the surrounding area. It has a 160 A circuit breaker, five three-
phase circuits, and one single phase for control and plug.

In the outer frame, there is an astronomical clock in the four circuits for the
control. The total installed power is 24,890 W, of which 8080 W correspond to the
illumination of the facade of the Hospital de Santiago.

6.1.2.2 Types of existing luminaires and curvent lighting criteria of the facade of
the Hospital de Santiago in Ubeda

The characteristics of the existing luminaires are the following:

* Metal-halide floor projectors and power 250 W.

* Metal-halide projectors in columns and power 250 W.

* Metal-halide projectors at the roofs and terraces and power 400 W.

The analysis of the illuminance and spectrum levels was carried out using a
UPRtek MK350S spectrometer. In the images, the difference in illuminance in %
of the different areas of the facade can be seen. There are very bright areas that
contrast with imperceptible ones; as in the fronts and pilasters giving access to the
podium or the towers that contrast with the front of the main facade (Figure 7).

The spectral distribution shows a metal-halide lamp with a clearly reproducible
61.6 chromatic reproduction index (Figure 8).
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Figure7.
Analysis of the level of illuminance in %. Source: own elaboration.
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Figure 8.
Analysis of the facade illumination of the Hospital de Santiago. Source: own elaboration.

There are luminaires whose position and location are especially aggressive with
the building, like projectors located in the lions of the access pilasters.

6.2 Installation characteristics and lighting proposal
6.2.1 General criteria

The general criteria followed in the lighting proposal for the facade of the
Hospital de Santiago are:

a.Incorporation of a new value—illumination—to the existing reality that will
enhance the presence, manifestation, and reading of this building, being one of
the most relevant and representative of the Renaissance in Ubeda.

b.Energetic optimization through the implementation of control equipment that
allows:

* Energetic monitoring of its operation.

* Management and robust monitoring of energy consumption through the use
of information and communication technologies (ICT) including control
and remote management facilities, connectivity functions, and regulation

of intensity.

c. Energy improvement with an annual reduction of energy consumption and
greenhouse gas emissions.

d.Control system implementation for compliance with the proposal and to com-
bine daily lighting with creative manifestations associated with singular events.

10
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6.2.2 Proposed luminaires

At the main facade, we propose the replacement of the existing 250 W halogen
lamps by other LED technologies with asymmetric optics and 53 W power. In addi-
tion, we will substitute the existing projectors in the access pillars to the podium—
at a visible position—for four 32 W LED projectors [29] (Figure 9).

East and West towers will be illuminated by the nearest luminaires location and
the minimum number of projectors with long-distance lighting capacity—just two
in the East Tower and four in the West—to minimize the consumption and cost of
the installation. In this way, in the East tower, we pretend to arrange an asymmetric
projector on the roof, another on the facade, and two on a column; and in the West
one, an asymmetrical projector on the roof and two on each column.

6.2.3 Lighting analysis
The lighting calculations of the planned installation have been made by Dialux,

considering the determinations of mandatory compliance according to the applica-
tion of current legislation.

‘WEST TOWER MAIN FACADE EAST TOWER

TYPES OF LUMINAIRES HOSPITAL SANTIAGO;
Philips Blast 10° IntelliHue Philips Blast 20° IntellHue +  Philips Blast 40° InteliHue  ——  Philips Blast 60° InteliHue ~ ——»  Philips Blast FTA IntelliHue

——  Philips BURST 10° IntellHue ——  Phillps ReachElite IntelliHue 100W 10° ——» Philips ReachElite IntelliHue 100W 20° —— Philips ReachElite IntelliHue 100W 40°

Figure 9.
Types of luminaives and lighting scheme for Hospital de Santiago. Source: own elaboration.

T

LEGEND LIGHTING PROPOSAL. HOSPITAL SANTIAGO

«—D PROECTOR PHILIFS Coler Kinatics COLORBURST INTELLIMUE 137
1D BU10_n R1O_D  PROJECTON FHlLIPS Color Minedcs REASHELITE INTELLMUE 100w 13+ [C—J]  EXTERICR ELECTRICAL CONTROL BOX sssssies  PROPOSED ELECTRIC TUBES PYC 8 110 MM
-

e e it i [ T ] ——————
or Kinatlcs LS @ EXISTING BURIED ELEGTRICAL BOX 4004100 CA

PROJECTOR PHILIPE Coler Kinetes COLOR MAST INTRLLBIVE 40° RA0_n  PROJECTOR PHLIPS Cols Kinetes REAZHELITE INTELLIUE 100W43" ol EXISTING ELECTRICITY FIFES VG @ 119 MM
PROJEGTOR PHILIFS Col Kinelcs COLOR BLAST INTELLIALR 67 EXISTING LUMPAIRE COLUMN

PROJEGTOR PHILIFS Colsr Kinwics COLOR BLAST INTELLIUE FTA

Figure 10.
Lighting proposal—Hospital of Santiago. Source: own elaboration.
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In our case, the average illuminance levels exceed 20 lux established in case
of ornamental flood lighting [30], as it is the main facade. There are no reference
values by accent lighting, as in the lighting of the lateral towers and access pilasters
to the podium lighting (Figure 10).

The proposal gives a greater uniformity to the lighting of the towers and access
podium lighting (Figure 11), as well as improves the chromatic reproduction index
to values higher than 90.

6.2.4 Control system installation

The projected control team is a point-to-point network system, which will allow
the remote management and monitoring of energy consumption through the use of

Figure 11.
Hluminance levels according to DiaLux for Hospital de Santiago. Source: own elaboration.

HOSPITAL DE SANTIAGO. DMX control scheme:
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INTERNET COMMUNICATION = R10

a

| SWITCH ETHERNET
A CONTROLLER DMX LIGHTING SYSTEM. PHILIPS PHAROS
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¥ \
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Figure 12.

Control scheme. Project of facade illumination Hospital of Santiago Ubeda. Linear installation scheme
consisting of Philips Color Kinetics luminaires, 8 DataEnablers, Pharos controller, SaaS, and wiring between
power supply (FNP) and data (+, -, G) luminaires. Source: own elaboration.
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DIFFERENCE

Contracted Power (kW) 8,080 2,000
Type Rate 3,0A 30A
Time discrimination No No
Billing Mode Monthly Monthly
Annual consumption Active Energy (kwh) 33.128 8.200
Operating hours 4.100 4.100
Annual Cost (€) 6.957 1.722
Average price (€ / kwh) 0,21 0,21
Number of luminaries 32,00 34,00
Facade surface 2085,00 2085,00
Ratio watt per m2 (W / m2) 3,88 0,96
Ratio light points per m2 (pl / m2) 0,02 0,02

24.928 0,75

Figure 13.
Table relating to the balance of installed power, CO, emission, and annual balance. Source: own elaboration.

information and communication technologies (ICT), including control and con-
nectivity functions, and intensity regulation.

We propose a network control system with service (SaaS) hosted in the cloud. It
is made of a DMX installation connected by a device to the Internet. This solution
creates a daylight that can be transformed through its programming into a singular
illumination capable of creative manifestations that turn the building into a symbol
of singular events (Figure 12).

6.2.5 Installed power, CO, emission, and annual balance

The proposed intervention will reduce CO, emissions and current electric-
ity expenditure, will carry a better illumination of the facade of the Hospital de
Santiago in Ubeda, and will provide, through the proposed control system, a
dynamic nature to the color and intensity of the installation, enabling the change in
the expressiveness of the building.

As shown in Figure 13, the proposed installation supposes the decrease of the
installed power from 8080 to 2000 W, reducing the annual consumption proportion-
ally by 24,928 kWh/year. The consumption of energy and greenhouse gas emissions
are reduced annually by 75.25% compared to the existing one; and the annual bal-
ance in energy and economic terms supposes an annual saving of 5.235 €/year [31].
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