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I. Abstract
This project hereby presented intends to contribute to the design and calculation of the different industrial
installations required in an industrial plant such as electricity, heating, ventilation and climatization,
illumination and water supply. The need of designing the different installation systems seek to answer the
desire of the company Sandvik S.A. to set up the production and administrative area with the proper
installations to carry out the daily activities of the company.
By studying the regulations which apply to the case and adopt the standard methods to calculate the different
elements of the installation, it is expected to draw a first estimation about which systems, materials and
equipment should be installed within the factory in order to provide with the proper equipment to the
employees of the building and guarantee a good performance in their daily tasks. The project presents two
main parts, the first regarding the building characteristics and what is the purpose of it. The second stage will
cover all the installation design, explaining the different elements and describing which systems have been
implemented.
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II. Preface
This Master Thesis forms part of the last semester of the Master in Industrial Engineering, carried out in the
faculty of Industrial Engineering of Terrassa. Nevertheless, and due to the fact that the last year of such
Master had been done within the Erasmus+ programme, the project took place within the Master studies in
Operations and Innovation Management, in the faculty of Engineering and Science at Aalborg University. The
project theme has been chosen freely by the author of the project, in order to investigate and dive into the
topic of “Industrial installations” as it has been one of the mandatory courses throughout the Master. The
design and calculation of the systems has been inspired by all the learning gathered during the academical
studies, trying to include the knowledge obtained from the several engineering fields which both Bachelor
and Master studies have covered. Not only, but also further research regarding articles, regulations and other
documentation has been used as a source of insight for the completion of the Master thesis.
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1

Introduction

Engineering is, among others, the craft of designing and producing goods which satisfy the needs of the
society. However, the process of acquiring those goods relies on the industrial processes which facilitate their
production and further processes. However, carrying out these processes require to invest in the proper
facilities in order to be able to perform the activities and achieve the outcome. This project intends to move
towards such need, being its goal to get a first approach to the design of all necessary installations of an
industrial plant which responds to the needs of its employees. The design and calculation will be done
according to the initial given data in order to achieve the first overview of the factory and afterwards start
with the installation of all the necessary equipment regarding industrial installations.
1.1

Aim of the Project

The project aims at designing and evaluating the industrial installations of an industrial plant based on the
specifications of a company case. The installations that will be designed are the following: illumination,
electricity supply, heating, ventilation and air conditioning, domestic hot and cold water and a thermal solar
installation, all in relation to each other.
1.2

Justification

Throughout the project of a building, the main reason why it is carried out lays in the purpose of satisfying
some specific need for the society. A building is designed to perform some activity, from residential purposes
to industrial processes. Therefore, those needs must be reached by building up efficient installations which
can contribute to the performance of the processes regarding functionality and quality. The comfort of the
indoor environment, normally achieved by supplying the proper energy to the building, is followed by the
design of the required installations that let the user achieve its goals. In this case, the purpose of the end
user of the building is to carry out the industrial processes where the output is a good or product which the
company wants to produce.
In consequence, the industrial plant has been designed with the objective of achieving the maximum
efficiency in regards of the process from transforming the raw material into the desired product. The aim of
the project goes with such purpose, by providing all the necessary equipment and installations to reach such
output successfully. The construction of an industrial manufacturing plant without any installations would
end up with an empty building not able to perform any activity, hence the crucial importance of the project.
However, not everything is allowed and some regulations must be followed to fulfil the minimum
requirements set up by governments. The proper implementation of the bureaucracy is important as it
facilitates the creation of efficient environments when performing the factory’s daily activities.
Nowadays, it is being also included in the design and construction of buildings the thought for sustainability
and energy savings, which is also a challenge for engineers when designing all the installations due to the
high consumption of energy. Therefore, using low consumption equipment or installing renewable energies
is a must in projects of today and it will be considered throughout the project.
Summarizing, an approach to the design and calculation of industrial installations will be done in order to
fulfil all requirements from the client and provide the building with the needed equipment to facilitate the
correct functioning of it.
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1.3

Scope

The technical part of the project will be based on mainly 4 chapters regarding industrial installations which
will be treated separately even though they will be related to each other regarding design and calculations.
Also, an estimated budget will be presented to give an approximate amount regarding the cost of the project.
Throughout such sections the following bullet points will be done.
•
•
•
•
•
•

Analysis of the regulation.
Introduction of the initial conditions and previous data gathered.
Explanation of concepts, equipment and further elements of the installation.
Design and calculation of illumination, heating, ventilation and climatization (HVAC), electricity
supply and production of domestic cold and hot water.
Selection of the elements for the correct functioning of the installation.
Realization of drawings to facilitate the comprehension regarding the implementation of the
industrial installations.

However, the project will not cover any stages regarding the construction of the installations and the
conditions to be satisfied throughout the whole construction process. However, in the report it will be
specified which materials and equipment must be selected, referring to the place where they should be
installed and which steps must be taken into account. In such direction, neither the further maintenance of
the equipment installed is covered, even though it is considered when selecting the equipment in terms of
quality and trustworthiness to avoid as many investments as possible in the future.
Moreover, the project will not cover secondary installations which may be needed from the primary ones
introduced in this report. Therefore, installations such as water supply in fire cases or outdoor illumination
of the factory are examples of installations that will not be covered by the project.
1.4

Basic specifications

The specifications of the project are the design and calculation of the installations for the building presented.
The building is intended to be used for industrial purposes and the installations should answer the needs of
the factory. All the process design must fulfil the requirements established by the different regulations which
apply to the building.
The selection of equipment will be done from reliable suppliers and using standardized elements that satisfy
the current regulation. Moreover, the calculations and design process of the installations should respond to
standard methods and contrasted methodologies that are recognised by official sources.
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2

Description of the Building

The building is located at the Industrial park of “Can Salvatella” in Barberà del Vallés, within the region of
Vallés Occidental. The city is located in the province of Barcelona, just 30km from the capital, Barcelona. The
orientation of the main façade of the building is towards South, where the main entrance for the workers is
placed.

Figure 1. Main façade of the building, south oriented.

Figure 2. Plant drawing of the building, showing the main façade.

The industrial plant is used by the company Sandvik S.A. to process powder metal used to create drinking
cans and mining tools. The shape of the plant is rectangular, having only one floor in the whole building.
However, the building has two differentiated parts, as the activities carried out within the factory are mainly
manufacturing but also administrative. Therefore, and looking at the Figure 3 as a reference, the left side of
the plant is intended to be used for production activities and the right side for administrative purposes. The
production area is formed by a diaphanous zone in the middle, which is surrounded by different warehouses,
namely a quality room, two rooms for compressors and boilers and finally the locker room. It also includes a
little nursery and couple bathrooms for the workers. On the other hand, the administrative area is
constituted by offices, a relaxing or dining area and two archives where all data of the company is stored.
Both sectors are divided by a wide corridor in the middle, which allows the employees to step from one side
to the other.
The factory is an isolated building as it has no other constructions next to it. Thus, all facades are in contact
with the outside. In order to give further details about the different zones and areas of the building, a table
is presented below.
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Table 1. Zones of the industrial plant with its area.

Layout
Number

Zone

Area [m2]

1
2
3
4
5
6
7
8
9
10.1
10.2
10.3
10.4
10.5
11
12
13
14
15.1
15.2
15.3
15.4
15.5
15.6
15.7
15.8
15.9
16.1
16.2
16.3
16.4
16.5
17.1
17.2
18
19.1
19.2
20

Input Warehouse
Output Warehouse
Cutting Oil Warehouse
Silver Graphite Warehouse
Gas Warehouse
Waste Warehouse
Production
Oven waiting room
Quality Control
Commercial Room 1
Commercial Room 2
Commercial Room 3
Commercial Room 4
Commercial Zone Corridor
Packing Room
Compressors Room
Boilers Room
Relaxing Room
Office Room 1
Office Room 2
Office Room 3
Office Room 4
Office Room 5
Office Room 6
Office Room 7
Office Room 8
Offices Corridor
Toilet administration Women
Toilet administration Men
Toilet Production Women
Toilet Production Men
Toilets Access
Locker Room Women
Locker Room Men
Nursery
Archives 1
Archives 2
Main Corridor
Manufacturing Area
Adminitrative Area
TOTAL AREA

96
135
32
32
32
32
782
36
36
20
20
32
69
54,5
54
36
36
365,5
28
25,9
25,9
50,4
23,83
23,83
12,75
12,75
174,64
30
30
22,5
22,5
24,24
36
36
24
140
170
597,5
1480
1930,74
3410,74

According to Table 1, the total area of the plant is 3410,74 m2 which is divided between the manufacturing
part of the plant (1480 m2) and the administrative section (1930,74 m2). In the last section, it has been
included the different corridors throughout the building. The layout can be seen in Figure 3.
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Figure 3. Layout of the building

The employees working hours are divided into 3 different shifts of 8 hours each one, operating all 24 hours
of the day. The company has employed 48 workers which are divided into the two main different spaces of
the plant, being 29 employees within the manufacturing area and 19 as administrative personnel. All those
parameters mean to a daily production of more than 400 products. The construction of this new industrial
plant by Sandvik S.A. aims at exporting all the metal processes into the Catalan market, hence the location
next to Barcelona. However, the company is already settled down within the province of Barcelona, even
though the processes carried out are different from the ones planned for this industrial plant. To be able to
carry on with those processes, the manufacturing area is provided with 8 machines presented below.
Table 2. Type of machinery used within the plant.

Machinery
Name
Hydraulic Press
Computerized Numerical Control Multitask
Industrial Oven
Face Grinder
Centreless Grinder for Exterior Surfaces
Assembling
Laser Marker
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Power
[kW]

2
1
1
1
1
1
1

8
9,5
14
10
4
9
3,4

Total

65,9
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3

Analysis of Regulations Applied to the case

The need for designing different industrial installations in an industrial plant requires the application of
several regulations to cover all the stages of the project. However, the purpose of this project is not the
explanation of all the regulation reviewed, but to give a proper understanding of the different laws and how
these are applied to the project.
The design and calculation of an industrial plant requires from illumination ratios to solar energy contribution
rates depending on the activity performed within the building. Therefore, throughout the project it will be
introduced in every decision how such regulations have been applied and to what extent have affected the
calculations and the design of the installations. Nevertheless, in the following lines it is mentioned which
have been the main regulations applied to the factory.
•
•
3.1

Technical Building Code (CTE or TBC)
Regulation for Thermal Installations in Buildings (RITE)
Regulation applied in the illumination installation

The illumination of a building is regulated in terms of minimum illumination requirements and safety
conditions to be satisfied by buildings according to the activities performed. The parameters are established
by the following regulations.
-

3.2

Real Decree 486/1997 of 14th of April, which sets up the minimum requirements for illumination
security in the working place.
Document HE3 of Energetic efficiency of illumination installations within the Technical Building Code.
Regulation UNE-EN-12464 for illumination installations depending on the activity performed and the
use given to the area analysed.
Regulation applied in the HVAC installation

The design and calculation of heating, ventilation and climatization systems, also known as HVAC, is
supported by the technical instructions presented within the Spanish regulations. Therefore, the different
regulations which have been applied to the project are the following.
-

3.3

Real Decree 1826/2009 of 27th of November, which determines the regulation of thermal
installations in buildings (RITE).
Real Decree 283/2013 of 5th of April, which adds technical instructions to the regulation of thermal
installations in buildings previously mentioned.
UNE regulations which act as auxiliary instructions within the regulation of thermal installations in
buildings.
Regulation applied in the electrical installation

The section for electrical installations has its own regulation signed off by the Spanish government the 2nd of
August 2002, named Electrical Low Voltage Regulation or (R.E.B.T.). However, there are also complementary
technical instructions with the name ICT-BT. Other guides open to interpretation performed by the industrial,
commerce and tourism ministry have been also included, even though the technical information presented
in the guides resolve the same problems as the official regulation.
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3.4

Regulation applied in the water supply installation

As well as with the other installations, the supply of hot and cold water to any building is regulated in order
to establish some standard directions in the design and calculation of the whole system. However, the main
regulations which have been considered throughout the project are the following.
-

Technical Building Code, in its instruction DB-HS4 which regulates the healthiness and supply of
water.
Decree 21/2006 of ecoefficiency of 14th of February, which regulates the environmental criteria and
ecoefficiency in buildings.
Real Decree 865/2003 of 4th of July, which states the hygienic criteria for the prevention and control
of the legionella.
UNE 100030-IN which also controls the reproduction and prevention of the legionella in water
installations.

Moreover, the production of thermal energy by collecting the solar energy is regulated also by different
decrees or norms. However, the ones applied to the case are listed below.
-

Technical Building Code in its instruction DB-HE4, which regulates the minimum solar contribution of
domestic hot water.
RITE or Regulation of thermal installations in buildings.
Decree of ecoefficiency 21/2006 under the Catalonia regulation, which regulates the minimum solar
contribution to domestic hot water.
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4

Project Design

This section here presented aims at introducing the different stages that have been considered throughout
the design of the industrial installations. Technical projects require of planning and also designing processes
which define the several steps to be taken to assure the proper completion of the project.
The installation has been thought as a whole, trying to include all the different elements from each
installation field in order to link one to another and generating a more inclusive project. However, the
different installations to be designed for the factory have been calculated separately, but always considering
the effect that other installations may cause to the one being designed. That is why, the stages for which this
project goes through have been thought consequently with its design.
In first place, the building has been introduced describing all the areas and the activities carried out in each
of the spaces of the factory, from industrial to administrative tasks. Thus, once the building has been
described, the industrial installations can get started, although it is necessary to gather information regarding
regulations and other sources of knowledge. The data should give further inputs about the purpose of each
installation and how it should be designed, setting some limits for the sizing of the systems. After recollecting
enough data and understanding the function of each installation, the design and calculation of the industrial
installations can be carried out, explaining all the parameters taken into account and relating the building
information with the decisions made in each installation process.
Nevertheless, the industrial installations presented in this project (electricity, HVAC, illumination and water
supply) cannot just be installed at once, but some criteria must be decided in order to consider the effect of
one installation in the next one and so on, thus several stages shall be settled. First, the illumination system
is going to be designed, by providing the location and number of luminaires which need to be installed within
the building, regardless of their electricity supply and just considering the fulfilment of the illumination
requirements. Afterwards, the whole system regarding heating, ventilation and climatization will be thought,
calculating the different loads of the building and designing the elements which would supply the proper
HVAC conditions for the building accordingly to the regulations and the data previously found. Throughout
the next stage, all the equipment regarding illumination and HVAC needs to be supplied with electricity in
order to operate, which will be satisfied with the design and calculation of the electrical installation. Last but
not least, the water installation is going to be introduced as the last installation, as this is mostly not related
to the other installations of the project. However, as the water installation may require of some equipment
to be supplied with electricity, auxiliary equipment has been also designed throughout the electrical
installation in order to provide with electrical resources further elements which may have been forgotten or
unexpected.
To conclude, the installations presented in this project are implemented by calculating and designing all the
elements which may be needed. However, throughout the design of the installations it is considered how the
different installations are affecting to each other in order to be aware of the influence that they may provide
among them.
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5

Industrial Installations

This section will cover all the needed installations which an industrial plant requires in order to carry on with
its daily activities. The chapter will be divided into four subsections which will define each one of the
installations of the project. However, they will be treated separately and analysing the regulations that apply
to each one of them to make clear their design and calculation process.
5.1

Illumination

The design of any sort of building implies to adapt the illumination of the building to the kind of activity
performed. The illumination is a crucial factor which intends to provide with proper lighting the areas of the
building in order to simplify the employees work. Therefore, the realization of this chapter responds to the
whole concept of illumination, aiming at satisfying the requirements established by the Spanish and
European regulations about energetic efficiency of illumination installations. Moreover, the software DIALux
is going to be used to improve the quality of the work, being a powerful aid for the design of the installation.
5.1.1

Initial conditions

To get started, it is important to understand which are the main parameters regarding illumination. They are
crucial in the calculations to find out which luminaires, power and number of them are needed per area. All
the important parameters are explained as follow:
•
•
•
•
•
•
•

Luminous flow: The amount of light per time which any luminaire releases, measured in lumens [lm].
Illuminance: Indicates the density of luminous flow incident on a surface, measured in lumens/m2 or
lux. Note that this is the main parameter which will be used to calculate the light level in indoor areas.
Luminous intensity: The intensity of light projected towards some direction. Measured in candela
[cd].
Luminance: Luminous intensity reflected or produced by a surface, measured in candela/m2 [cd/m2].
Absorbed power: Electric energy taken by a luminous source. Measured in Watts [W].
Luminous efficiency: Defines the relation between the luminous flow and the absorbed power, where
its output is in lumens/watts [lm/W].
Reflection coefficient of a surface: Relation between the light reflected flow and the incident flow on
a surface. Its value depends on the type of material and colour of the surface.

The first step is to adjust the illumination within the different zones of the plant. In that way, the illumination
required will not be the same in a production area, where there is a need for illuminating a big space, than
in a business office, which is designed to help the employee being focused at his/her computer, desk, etc.
That is why it is crucial for every illumination project to set up the different technical aspects which must be
considered.
•

Dimensions: Mainly length, width and height of the area should be included. It is a highly important
factor as the area of the zone will directly affect the number of luminaries which are needed.
Furthermore, the height will influence which kind of luminaire should be picked. For instance, the
height of a manufacturing area is normally over 5 meters high, while offices or other administration
zones may reach only 3 meters. In the industrial plant analysed, the height of the production zone,
input, output and packing warehouse is up to 7,5 meters while all other areas are 3,35 meters high.
Therefore, the type of luminaires selected vary depending on such height, as explained:
-

Manufacturing area: When the height of the zone is over 5 meters, it is advisable to use
an illumination system based on projectors using high-bay lamps, which give a powerful
lighting to the working plane.
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-

Administrative area: Due to its lower height, not only the administrative areas such as
offices, relaxing room or commercial area, but also toilets, locker rooms and nursery are
lightened using fluorescent lightening or LEDs, depending on the height and the
illumination rate fixed by the technical code.

•

Type of area and activity performed: According to the type of building, there will be some activity
performed within each of the zones. Those activities and types of areas affect to the calculation due
to the illuminance ratio changes depending on the tasks carried out.

•

Effective reflectance of the surfaces: Such factor determines the percentage of light which is
reflected by a surface coming from the incident ray. The reflectance depends basically on the type of
surface. Depending on the material, tone, colour and texture, the reflectance can be calculated.

•

Luminaires: It refers to the equipment which should be installed inside the building. Such equipment
is the one in charge of fulfilling the requirements established by regulations. When selecting them,
it must be considered features such as luminous flow, power or type of assembling required
(recessed, hanging from the ceiling, etc.).

•

Dimensions of the assembled luminaires: It must be clear which is the distribution set up for the
luminaires by providing parameters such as distance between luminaires, height at which it must be
hanged or the layout of the whole group of luminaires within the room.

•

Maintenance: The type of environment and the dirtiness of the area is important as it affects directly
to the illuminance flow of light. Thus, throughout the calculation process the maintenance rate is
applied to provide a more accurate design of the installation.

•

Sunlight: As some of the rooms may provide windows in their walls, the influence of the solar light
could be included in the calculation to save energy and make the building even more efficient.
However, there are some concerns about this topic. While it is true that solar light can be considered
every day, it is uncertain how these may influence the different rooms according to the intensity of
the light and the outdoor conditions, as it will not be the same during winter or summer. Such factors
make it tough to set up a value for the illuminance of the sunlight. Although in the design of the
building it may be demonstrated that solar light is powerful enough to discard some of the luminaires
calculated, it will not be considered in this project due to the specific work during the night, as the
company has 3 different shifts throughout the day.

5.1.2

Design of the light switches

Besides the design of luminaires, it will be also designed the type of switches used in the different areas,
which can be divided into different groups.
•
•
•
•

Direct from the electric distribution panel, mainly used for common zones such as corridors, where
the number of “switch-on/off” is relatively low.
Simple, in areas of high frequency of light. This kind of switch is assembled to turn on the light of a
group of luminaires using just one device within some room.
Commuted, for big spaces. Allows the users to open and close the light from different parts of the
area.
Temporized, in zones such as toilets, locker rooms or stairs, which switch on the light automatically
during a limited amount of time.
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The design of the switches has been thought according to the type of activity of the area and the situation of
the room. The spaces which include windows, thus presence of solar light, involve the design of several simple
switches allowing different lines of light to be turned on and off. In such a way, if there is enough natural light
into the room, the lights next to the windows can be turned off while the furthest luminaires of the room can
be used in case the solar light is not enough to perform the daily activities with an acceptable visual level.
Furthermore, commuted switches have been used in huge spaces such as the production area or the relaxing
room to let the employees turn on and off the light from different sectors of the room. Also, presence
detectors and temporized switches have been used in less habitual areas such as toilets or locker rooms to
improve the energy efficiency. Finally, direct switches are used for common areas such as corridors where
the flow of people is high. These types of switches are the ones connected directly from the distribution
panel, hence the luminaires are always emitting light.
Other rooms which do not have special demands have been covered with simple switches which turn on and
off all lights of the room.
5.1.3

Emergency lightening

Another element important to consider is the emergency light, which should be working in case the plant
suffers some loss of electrical power. Moreover, besides the normal illumination designed within the
building, it is also mandatory by the Technical Building Code to include emergency lighting to provide antipanic illumination in case there is some sort of failure within the main illumination system. The aim of such
luminaires is to guide safely all the workers inside the building through the emergency paths to ensure a fast
evacuation.
The emergency luminaires should be installed along the building in escaping areas such as on top of doors or
wide spaces and corridors. The equipment should be self-sustained with energy resources that keep them
turned on for at least 1 hour after any illumination failure. Moreover, they should provide minimum 1 lux of
luminous flow to all areas and 5 lux in the spots where the distribution panels are placed.
For this project, the Philips luminaires WL120V LED16S/830 PSR EL3 GR have been selected to cover all the
emergency lighting of the building. The calculation of the number of luminaires per zone has been the same
as for the regular lighting.

Figure 4. Philips Emergency light used as emergency lighting within the building.

Besides the emergency and anti-panic luminaires, information panels have been installed along the building
to guide employees through the evacuation routes. The distribution of emergency lighting all details of the
placement can be found in the plan 3 of the drawing appendix.
5.1.4

Calculation of illuminance rates

The luminaires to be selected in each area depend on the minimum requirements fixed by the norm UNE12464 and the real decree 486/1997. The Table 3 summarizes each of the rooms of the factory with the
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illuminance requirements. The whole process of setting up the rates per each of the areas can be found in
the appendix 1.
Table 3. Illuminance requirements in each room of the building.

Number

Zone

Illumination required [lux]

1
2
3
4
5
6
7
8
9
10.1
10.2
10.3
10.4
10.5
11
12
13
14
15.1
15.2
15.3
15.4
15.5
15.6
15.7
15.8
15.9
16.1
16.2
16.3
16.4
16.5
17.1
17.2
18
19.1
19.2
20

Input Warehouse
Output Warehouse
Cutting Oil Warehouse
Silver Graphite Warehouse
Gas Warehouse
Waste Warehouse
Production
Oven waiting room
Quality Control
Commercial Room 1
Commercial Room 2
Commercial Room 3
Commercial Room 4
Commercial Zone Corridor
Packing Room
Compressors Room
Boilers Room
Relaxing Room
Office Room 1
Office Room 2
Office Room 3
Office Room 4
Office Room 5
Office Room 6
Office Room 7
Office Room 8
Offices Corridor
Toilet administration Women
Toilet administration Men
Toilet Production Women
Toilet Production Men
Toilets Access
Locker Room Women
Locker Room Men
Nursery
Archives 1
Archives 2
Main Corridor

250
250
200
200
200
200
500
200
500
500
500
500
500
50
300
150
150
100
250
250
250
250
250
250
250
250
50
100
100
100
100
50
100
100
200
300
300
50
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5.1.5

Alternatives for the luminaire installation

Before selecting the luminaires that are going to be installed in each space of the building, the different
alternatives are exposed in this chapter regarding luminaires types.
5.1.5.1

Incandescent light bulb

The incandescent light bulb produces the light by warming up a little strand until reaching the temperature
when the radiation emitted by the bulb gets into the visible range of the spectrum. The strands are normally
made with tungsten or wolfram, and these are assembled into a glass recipient filled with gas. Depending on
the type of gas involved, the incandescent light bulb can be classified into the following types.
•

Conventional

The gas is a mix of argon (90%) and nitrogen (10%). However, these lamps are not being used nowadays due
to its high pollution and bad efficiency. Even the European Union established a plan to eliminate these lamps
from the market from 2009 to 2012, even though there are still some powers which are allowed to be sold.
•

Halogen

Such lamps are filled with a gas which contains mainly halogen. The halogen gas avoids the destruction of
the strand, giving better resistance and prolonging the useful life of the bulb. Moreover, the strand is able to
work at higher temperatures than the conventional lamp.
5.1.5.2

Useful life of a halogen lamp: 2000 h
Useful life of a conventional lamp: 1000 h

Gas-discharge lamps

In the gas-discharge lamps, the light is produced by an electrical discharge in ionized gas. The lamp is
constituted by the following elements.
-

-

Two electrodes placed in each side of the lamp.
The bulb, which contains the gas.
Ignition device, which is the element supplying voltage to the electrodes. It is necessary
for the initial electric discharge, overcoming the resistance of the gas due to the electrical
current.
Electrical ballast, which is the element used to limit the current flowing through the
lamp, necessary to avoid a huge amount of current. Otherwise, the lamp could be
destroyed.

The gas-discharge lamps can be also classified in different categories depending on the pressure given by the
gas.
•

Low pressure gas-discharge lamps
- Fluorescent: They are lamps where there is a gas involved (argon) and fluorescent
powder. The tub is filled with such powder, which is activated with the ultraviolet
radiation from the discharge and produces the light.
- Compact fluorescents: They are used for indoor environments, even though they can be
found also in outdoor spaces. This type of lamp is split up into two models, the cylindrical
and parallel.
- Low pressure lamps with sodium steam: These luminaires are known for being highly
efficient, reaching values of 180 lm/W. However, they have got issues in the chromatic
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performance, emitting a strong yellow light which may affect the visibility of workers. It
is used normally for outdoor environments.
•

5.1.5.3

High pressure gas-discharge lamps
- High pressure lamps of mercury steam: The lamps have a low efficiency, with an average
luminance of 50 lm/W. However, their useful life reaches 8000 hours, being used mostly
in industrial environments.
- Metal halides lamps: They are added with some metal iodide, which gives them better
efficiency and a higher chromatic performance. However, the useful life does not reach
1000 hours and they need a high ignition voltage. They are used in sport facilities.
- High pressure lamps of sodium steam: Their efficiency is quite acceptable and its
performance is better than low-pressure sodium steam lamps. However, the white light
emitted is not appropriate for work environments, being used mainly in outdoor spaces.
LED

The LED lights (Light-Emitting Diode) are semiconductors which emit light when electric current flows
through them. The main advantages that LEDs gain from other lights previously presented are:
-

As they do not possess any wolfram strand, the useful life can reach up to 50.000 hours.
The efficiency given by the LED lights is way higher, as the performance of a conventional
light stays at 10%, while the LED light reaches the 90%.

That is why LED lights will be highly used throughout project.
5.1.5.4

Luminaires

The luminaires are the controlling and distribution light equipment which regulates the light emitted by the
luminaire itself. Depending on their function, different sort of luminaires can be found in the market.
•

Fluorescent strip

This type of luminaires is thought for fluorescent tubes installed while the construction of the building is
being made. They are simple and cheap, which make them the perfect solution for rooms without high visual
demands.
•

Fluorescent panels

The strips are placed within a closed box, which reflects the light of the luminaire and therefore the indoor
part of the box acts as a diffusor of light. They can be placed in the surface of the ceiling or recessed in it. This
type of luminaire is used mainly in stores, offices or locker rooms in industrial factories, but always for low
heights (not more than 5 meters).
•

Projectors or high bay luminaires

These luminaires are of a high power which are useful to lighten huge spaces with high heights. That is why
they are used in big industrial plants with heights of 6 or more meters.
•

Downlights

The downlights are luminaires recessed in the ceiling and looking directly towards the ground. Their nominal
power is low and they are used for low heights of no more than 3-4 meters. The white light emitted gives a
relaxing visibility to the user, being used in areas such as toilets or small spaces.
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5.1.6

Description of the solution implemented

In this subsection, the solution for each of the areas is presented in Table 5, which shows the luminaire
selected for each of the spaces of the building. Also, in appendix 1 it may be found the DIALux summary for
each area, which presents all the results made by the software.
The solution has been designed with luminaires which fit into each of the areas. Projectors as high bay
luminaires have been used in spaces where the height of the room was higher than 5 meters to be able for
the light to reach all the surface of the room. On the other hand, fluorescent or recessed luminaires have
been used in spaces where the lighting intends to be softer, with tasks that do not require high or moderate
visual demands such as small warehouses. For offices or administrative areas, recessed luminaires have been
selected due to its elegant appearance and high efficiency, which give to the rooms not only a serious but an
elegant profile. Finally, other personal spaces such as toilets or locker rooms have been filled with downlights
to give a more intimate environment to the area.
Moreover, the installation of LED systems has been made whenever it has been possible, to increase the
efficiency of the whole system by using this type of luminaires.
Regarding light switches, Table 4 depicts the type of switches included in each of the spaces of the building.
The plan 2 within the drawing appendix shows how such switches have been placed throughout the factory.
Table 4. Switches installed in each area.

Zone

Type of switch installed

Input Warehouse
Output Warehouse
Cutting Oil Warehouse
Silver Graphite Warehouse
Gas Warehouse
Waste Warehouse
Production
Oven waiting room
Quality Control
Commercial Room 1
Commercial Room 2
Commercial Room 3
Commercial Room 4
Commercial Zone Corridor
Packing Room
Compressors Room
Boilers Room
Relaxing Room
Office Room 1
Office Room 2
Office Room 3
Office Room 4
Office Room 5
Office Room 6
Office Room 7
Office Room 8
Offices Corridor
Toilet administration Women

Simple
Simple
Simple
Simple
Simple
Simple
Commuted/Direct (Switch for different areas)
Simple
Simple
Simple
Simple
Simple
Simple (Switch for different lines)
Direct
Simple
Simple
Simple
Commuted (Switch for different lines)
Simple
Simple
Simple
Simple (Switch for different lines)
Simple (Switch for different lines)
Simple (Switch for different lines)
Simple
Simple
Direct
Temporized
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Zone

Type of switch installed

Toilet administration Men
Toilet Production Women
Toilet Production Men
Toilets Access
Locker Room Women
Locker Room Men
Nursery
Archives 1
Archives 2
Main Corridor

Temporized
Temporized
Temporized
Temporized
Temporized
Temporized
Simple
Simple (Switch for different lines)
Simple (Switch for different lines)
Direct

Table 5. Luminaires installed per zone of the factory.

Num.

Zone

Area
[m2]

Type of equipment used

1
2
3
4
5
6
7
8
9
10.1
10.2
10.3
10.4
10.5
11
12
13
14
15.1
15.2
15.3
15.4
15.5
15.6
15.7
15.8
15.9
16.1
16.2
16.3
16.4
16.5

Input Warehouse
Output Warehouse
Cutting Oil Warehouse
Silver Graphite Warehouse
Gas Warehouse
Waste Warehouse
Production
Oven waiting room
Quality Control
Commercial Room 1
Commercial Room 2
Commercial Room 3
Commercial Room 4
Commercial Zone Corridor
Packing Room
Compressors Room
Boilers Room
Relaxing Room
Office Room 1
Office Room 2
Office Room 3
Office Room 4
Office Room 5
Office Room 6
Office Room 7
Office Room 8
Offices Corridor
Toilet adm. Women
Toilet administration Men
Toilet Production Women
Toilet Production Men
Toilets Access

96
135
32
32
32
32
782
36
36
20
20
32
69
54,5
54
36
36
365,5
28
25,9
25,9
50,4
23,83
23,83
12,75
12,75
174,6
30
30
22,5
22,5
24,24

Philips High-bay CoreLine G3 BY120P G3 LED105S/840 PSU WB GR
Philips High-bay CoreLine G3 BY120P G3 LED105S/840 PSU WB GR
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips high-bay BY471P LED170S/840 PSD HRO GC SI
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips High-bay CoreLine G3 BY120P G3 LED105S/840 PSU WB GR
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Recessed RC120B LED37S/830 PSD W60L60
Philips Downlight RS741B LED17S/CH PSU-E MB WH
Philips Downlight RS741B LED17S/CH PSU-E MB WH
Philips Downlight RS741B LED17S/CH PSU-E MB WH
Philips Downlight RS741B LED17S/CH PSU-E MB WH
Philips Downlight RS741B LED17S/CH PSU-E MB WH
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Num.
17.1
17.2
18
19.1
19.2
20

5.2

Area
[m2]

Type of equipment used

36
36
24
140
170
597,5

Philips Downlight RS741B LED17S/CH PSU-E MB WH
Philips Downlight RS741B LED17S/CH PSU-E MB WH
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips Fluorescent BN120C LED38S/830 PSU L1200
Philips Recessed RC120B LED37S/830 PSD W60L60

Zone
Locker Room Women
Locker Room Men
Nursery
Archives 1
Archives 2
Main Corridor

Ventilation and climatization

The next type of equipment needed within a building is the one which allows the proper ventilation and
climatization the air. The aim of it is to provide all the spaces with renovated air, taking out from the building
the contaminated and polluted air which may be dangerous for the human health. Moreover, in industrial
factories there are several processes carried out through heavy machinery which produce a huge amount of
contaminated particles, thus it is mandatory by law to take such air and exchange it for purer one through
ventilation systems.
5.2.1

Environmental conditions

The first step of the process is to acquire all the proper data about the external conditions of the area where
the building is located. The different temperatures in a cold or hot country may change completely the needs
for ventilation or the systems which should be used. As it has been defined in the second chapter of the
project, the building is located into the province of Barcelona in Spain. Therefore, the data regarding outdoor
and indoor conditions of the area must be set up to start later on with the thermal loads calculation.
Taking into consideration the UNE 24045 regulation which provides the outdoor conditions for the different
cities of Spain, it can be stated that for the city of Barcelona and its metropolitan area, the outdoor conditions
are the following.
Outdoor Conditions
•
•
•
•
•
•

Dry temperature in summer: 31ºC
Wet temperature summer: 26ºC
Dry temperature in winter: 2ºC
Daylight temperature variation: 8ºC
Height: 95m over sea level
Latitude: 41º 24’

And the indoor conditions which are desired for the building, described by the Technical Building Code are
shown below.
Indoor Conditions
•
•
•

Indoor temperature in winter: 20ºC
Indoor temperature in summer: 25ºC
Relative humidity in summer: 50%
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5.2.2

Constructive data

Throughout this section, the data about the materials used in the construction of the building is presented
to afterwards define the transmission coefficients. Such data is of a huge importance as the performance of
the climatization system has to meet the requirements fixed by these elements. Once the materials for every
element of the building are designated and the coefficients given, the calculation for the thermal loads of the
building can get started.
•

Facades
- Concrete
- Air chamber
- Expanded polystyrene
- Single hollow brick
- Plaster cover

•

Indoor partitions
- Plaster cover
- Double hollow brick
- Plaster cover

•

Ceilings
- Ceramic tile
- Mortar cement
- Gravel
- Conventional concrete blocks
- Plaster cover

•

Production-Administration partition
- Mortar cement
- Conventional concrete blocks
- Expanded polystyrene
- Double hollow brick
- Plaster cover

And the transmission coefficients involved with such elements are defined in the following table.
Table 6. Transmission coefficients for each of the constructive elements of the factory.

Element

Transmission coefficient (W/m2·ºC)

Facades
Windows
External doors
Deck
Roof skylights
Offices' internal dividers
Production-offices' internal dividers
Production's internal dividers
Internal doors
Floor

0,66
2,7
3,7
0,41
2,3
0,32
0,79
0,32
1,85
0,43
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5.2.3

Extra elements to be considered

Not only objective data from the project should be considered through the calculation of thermal loads for
the factory, but also other equipment which is not specified by the regulation but that will affect the design
of the climatization system.
•

Illumination

The lightening of each area involves the emission of heat produced by the luminaires installed within each of
the areas of the factory. The heat will be converted into thermal load in the calculation of cooling thermal
loads, as this heat produced by the illumination equipment needs to be cooled down by the climatization
system over all during summer.
•

Machinery and other equipment used

The building is being calculated without furniture or other equipment, but surely the workers will need
several equipment such as computers, printers, AGV or other sort of machines to perform their activities.
Therefore, some machinery is assumed through the calculation of thermal loads as such machines emit heat
due to their electrical components. It has been assumed that the heat produced by the machinery is
converted into thermal heat in a ratio of 1:1. That means, that if a computer power is around 300W, such
power will be emitted as a thermal load entirely.
•

Occupation

Last but not least, the occupation of the factory by the employees is another source of heat. The average
temperature of a human being is around 36-37 Celsius degrees, which can be converted into thermal heat.
The heat, however, is defined also by the type of activity performed by the person. So, depending on the
number of persons and activity performed in each space, the calculation of thermal loads will vary and
therefore, the election of the climatization system.
5.2.4

Calculation of thermal loads

The summary of both heating and cooling thermal loads is presented below. For the full calculation of each
space of the building, this can be found in appendix 2.
•

Summary of thermal heating loads (winter)
Zone
Input Warehouse
Output Warehouse
Cutting Oil Warehouse
Silver Graphite Warehouse
Gas Warehouse
Waste Warehouse
Production
Oven waiting room
Quality Control
Commercial Room 1
Commercial Room 2
Commercial Room 3
Commercial Room 4
Packing Room
Compressors Room
Boilers Room
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Area
[m2]

Thermal Heating
Load [W]

96
135
32
32
32
32
782
36
36
20
20
32
69
54
36
36

4923,10
5982,45
899,91
899,91
984,81
899,91
14521,40
1026,89
876,33
674,09
596,15
727,38
2941,36
1419,59
791,09
791,09
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Zone
Relaxing Room
Office Room 1
Office Room 2
Office Room 3
Office Room 4
Office Room 5
Office Room 6
Office Room 7
Office Room 8
Nursery
Archives 1
Archives 2

•

Area
[m2]

Thermal Heating
Load [W]

365,5
28
25,9
25,9
50,4
23,83
23,83
12,75
12,75
24
140
170
TOTAL

10892,44
862,71
806,34
859,40
1582,87
1062,95
1111,77
497,54
529,38
1133,30
4381,46
5132,24
67.722,96

Summary of thermal cooling loads (summer)

Zone
Input Warehouse
Output Warehouse
Cutting Oil Warehouse
Silver Graphite Warehouse
Gas Warehouse
Waste Warehouse
Production
Oven waiting room
Quality Control
Commercial Room 1
Commercial Room 2
Commercial Room 3
Commercial Room 4
Packing Room
Compressors Room
Boilers Room
Relaxing Room
Office Room 1
Office Room 2
Office Room 3
Office Room 4
Office Room 5
Office Room 6
Office Room 7
Office Room 8
Nursery
Archives 1
Archives 2

Area [m2]

Thermal Cooling
Load [W]

96
135
32
32
32
32
782
36
36
20
20
32
69
54
36
36
365,5
28
25,9
25,9
50,4
23,83
23,83
12,75
12,75
24
140
170
TOTAL

4679,51
6151,86
1226,63
1725,55
1254,93
1226,63
80861,65
1331,85
2648,19
1433,41
1407,43
1886,36
5050,16
2584,18
1253,25
1253,25
17201,37
1602,47
1534,15
1551,84
2453,34
1570,80
1587,08
1132,88
1143,49
2743,81
5669,32
6726,79
160.892,18

The calculations indicate a total amount of 67,72 kW regarding heating loads and 160,9 kW for cooling loads.
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5.2.5

Types of climatization systems to be selected

Before introducing any climatization system for the industrial plant, the different types of systems are
explained in the following sections. These can be divided into several groups depending on:
5.2.5.1

The concentration degree
Type of energy
The heat-transfer fluid
The heat generator

By concentration degree

The concentration degree may be:
-

Unitary: the heat is produced by a machine which heats partially or totally the space.
Individual: The heat generation is carried out by different machinery and headed to different
spaces, but the consumption source is the same for all the equipment.
Centralized: The heat source is the same for the whole building, and by a proper installation
the heat is distributed to each room which is going to be climatized by a heat transfer fluid.
Urban: The thermal source is separated from the building as it is bigger than the same
building. Therefore, the centre is placed nearby but as an individual heat source.

By looking to the different methods by concentration degree, it can be stated that the centralized systems
are better than individual ones as they try to satisfy the thermal requirements using a different perspective.
While the individual systems focus on each point of the plant individually, the centralized system tries to
respond to all the demands of the building at once. At the same time, the centralized system also performs
by considering all the building functionality, distribution of heat, placement of the boilers and compressors,
evacuation of polluted air and so on.
The heating of an individual system is done differently per each space, which may create issues in the way
the air flows through the building, presenting stratification in some spaces. Additionally, the centralized
systems treat all the rooms of the building uniformly, by responding to the specific demands of each area.
5.2.5.2

By the type of energy

In the same way as the previous section, the climatization systems by type of energy can also be divided into
4 types.
-

-

-

Thermodynamic heating: This option uses a heat pump as a main equipment. The system
takes energy from the exterior to supply it to the interior of the building by using an air to air
pump which takes energy from a lower thermal level (outdoor air) and gives it away to the
heating system which uses such energy to heat the indoor air.
The system consists of a compressor, capacitor, and evaporator, which build up a chiller
machine filled with a refrigerant that is pumped by the compressor, moving from the
capacitor to the evaporator and the other way around.
Electric heating: This system is constituted by all the equipment performing according to the
Joule effect as a heat source. Therefore, the electrical current is carried through some
conductor which produces heat.
Solar energy heating: In such systems the solar radiation is used to be converted into thermal
energy stored in some fluid, which is normally water.
Conventional heating: The conventional system involves the combustion heat of some
organic fuel. Depending on the type of fuel used, it can be found different types of
conventional heating such as gasoil, natural gas or manufactured gases.
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5.2.5.3

By the heat transfer fluid

Depending on the type of heat transfer fluid used to generate the heating, the systems can be divided into:

5.2.5.4

-

Heating by hot air: These are based in power units which produce hot air to afterwards
distribute it throughout the building by air ducts, which are used to distribute the air
efficiently. However, an alternative of using an air duct system to distribute the air is to place
terminal units at each space which wants to be climatized. These units use a heat exchanger
by water or steam, which heat or cool the air.
This system is not an effective option for offices or buildings with a lot of rooms, as they
require an air duct system to distribute the air, which may be really expensive if the hot air
needs to reach a lot of different spaces. However, for huge areas such as factories or
auditoriums it fits perfectly, as they heat the room quite fast and do not require of a huge
investment. The main advantages are:
▪ Short and fast start-up
▪ Simple regulation
▪ Low investment as a heating system
However, it also presents some disadvantages such as:
▪ Huge duct system volume needed
▪ Difficulty in the calculation
▪ The distribution of heat may not be equal throughout the area

-

Steam heating: In this case, the piping distribution carries water steam produced by a boiler,
which flows until heat exchangers. The exchangers are normally radiators with a fan which
introduce the air into each room. However, the regulation of this system is of a high
complexity, as the steam flows at a high temperature, being hard to control. On the other
hand, the high temperatures make it easier for the building to meet the optimum conditions,
and the equipment used does not demand huge volumes.

-

Water heating: This system is the most used due to its simplicity and high efficiency. It may
be installed either in small, medium or huge buildings, with easy regulation and controlled
by using a boiler or a chiller. Depending on the distribution of the water, these systems can
be divided into two.
First, the open system or open heating, where the installation works together with the
outdoor environment, reaching up to 95ºC in the higher point of the installation (the
expansion vessel) and allowing temperatures of until 70ºC in the returning pipe.
The second system is known as closed heating, where the water flows in a closed circuit,
being able to reach temperatures of 100ºC and with a higher efficiency. However, it requires
special equipment such as pressurized boilers.

By the heat generator

The last type of climatization system is the one defined by the kind of heat generator used. They can be
divided into:
-

Radiator installation: It is a highly used system, although it just produces 20% of the heat by
conduction and the rest by convection, meaning that the heating equipment should be
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-

-

-

5.2.6

placed remotely from other installations, as it can overheat other equipment and therefore
damage it.
Convector installation: This system is constituted by convectors which transfer all the heat
by convection to the air, which flows through the convector itself. The design should be made
that the air will go through the convectors.
Fan coil installation: The fan coil is a heat exchanger which includes a radiator or battery and
an electric fan. Through the pipes of the radiator flows the refrigerant, which is heated or
cooled depending on the requirements of the room. Afterwards, the fan takes the air from
the room and forces such air to go through the pipes of the radiator, producing the heat
transfer and heating or cooling the air, which is introduced again in the room.
Radiant panels installation: The panels used are hollow panels which include a heat transfer
fluid in the interior. Then, the heat is transferred through the whole section of the panel,
heating the room where is it placed.

Description of the solution implemented

The climatization systems selected to cover the heating and cooling demand of the industrial plant have been
implemented depending on the type of local and the thermal load to be climatized. Therefore, the systems
will be explained separately and introducing all the necessary technical data or equipment installed.
However, all the calculations and reasons regarding the selection of equipment and how this is placed within
the building is further explained in the appendix 2. Moreover, in the drawing appendix it may be found the
different hydraulic schemes and further details of the installation.
The industrial plant has been divided into two parts in order to climatize the rooms in a more efficient way.
On the one hand, the production room, placed in the middle of the production area, is a huge diaphanous
space which requires of a high thermal load to be climatized. On the other hand, the rest of the factory is
filled with small rooms mainly used as a warehouse or offices, which do not have high requirements of
climatization. Therefore, for the production room has been selected a rooftop unit as a climatization system,
which involves air duct distribution throughout the area, being in charge of supplying ventilation air and also
climatizing the zone. For the rest of the factory, a water to water system has been selected by a fan coil
generator, which is supplied by hot or cold water (depends on the requirements of the moment) from a
chiller unit which can perform also as a heat pump. Furthermore, three air handling units (AHU) have been
installed altogether with an air duct installation which reaches each of the rooms of the fan coil installation.
The AHU aims at renewing the ventilation air of the space, which is heated or cooled by the fan coil units
afterwards.
In the following subsections, it can be found a further explanation of the systems installed in the plant, also
including all the equipment selected and its features and the ducts and pipes distribution.
5.2.6.1

Heating sources

As previously explained, the production room is climatized by a rooftop air-to-air system, while the rest of
the factory uses a water-to-water system with the installation of a chiller. In this subsection, both units are
presented with their characteristics.
•

Rooftop unit

The production room is going to be climatized by a rooftop unit, which is a compact system mainly constituted
by two fans, a heat recovery system and radiators which previously heat or cool the air to be introduced into
the room to be climatized. The air is carried through an air duct distribution system. Therefore, the air duct
system has been designed to carry the air from the rooftop until the production room.
The thermal loads to be overcome by the climatization system are summarized in the following table.
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Table 7. Production room loads recap.

Thermal loads Production
Heating
Cooling

Q [W]
14.521,60
80.861,65

Accordingly to the calculations made in the appendix 2, the rooftop unit selected is the model Maverick II
from the supplier DAIKIN S.A., which main characteristics are gathered below.
-

Model: Maverick II - MPS025
Cooling capacity: 92 kW
Nominal airflow: 10.000 cfm
Compressor type: Hermetic
Refrigerant: R407C
Noise level: 70 dB
Dimensions: 5213 x 1880 x 1394mm (length x width x height)
Weight: 3255 lbs

The main value to satisfy is the cooling demand by the production room, which is fixed at 81 kW. However,
the rooftop unit reaches up to 92 kW of cooling capacity, fulfilling the requirements of the factory.
•

Chiller and heat pump

The second heat source installed in the industrial plant is the chiller. A chiller is a thermal energy source
which heats or cools water to then distribute it through pipes until each terminal unit or fan coils placed
along the factory. The advantage of a chiller with a heat pump is the possibility of producing both hot and
cold water to heat or cool the rooms of the building. Therefore, a piping distribution system has been
designed, which carries the water from the chiller to each fan coil of the factory. The fan coils have been
placed in each of the rooms that are going to be climatized, with the exception of the production room,
where the climatization is done by the rooftop unit.
The main features of the chiller can be seen below.
5.2.6.2

Model: Aquasnap 30RQ 100S
Cooling capacity: 99 kW
Heating capacity: 101,4 kW
Compressor type: Scroll
Refrigerant: R407C
Noise level: 78 dB
Consumption: 36 kW
Dimensions: 2258 x 2050 x 1330 mm (length x width x height)
Weight: 980 kg

Ventilation elements

In addition to the heat sources presented in the previous subsection, three air handling units have been
installed throughout the factory in order to ventilate the rooms. Besides the production room, which is
ventilated by the rooftop unit itself, the rest of the plant is climatized by using the chiller with heat pump.
Nevertheless, such unit just aims at climatizing the rooms through the fan coils installed in each room, but
the renovation of air is not done by these terminal units.
The pollution in the air can cause issues in the health of the workers due to the high contamination processes
carried out in the plant. That is why, renewing the air in each room of the building is a must. Therefore, 3 air
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handling units (AHU) have been placed within the factory in order to introduce filtered air into each of the
rooms of the building. The AHU is a modular unit which aims at correcting and controlling the condition of
the air, which through an air duct distribution system introduces filtered and clean air to each room in order
to renew the polluted air. However, the polluted indoor air needs to be extracted as well, being the same
AHU which through a return air duct system takes out the polluted air from the rooms towards the outside.
Moreover, the heat embedded into the extracted air is transferred (which has been also treated by the fan
coils, therefore at its optimal conditions) to the incoming air within the same AHU.
To satisfy the needs of the factory and to not design a large air duct system through the whole plant, 3
handling units have been placed along the building to minimize costs regarding selection of equipment and
material. Two of the AHU (model TBSN-9) have been implemented in the production area, specifically in the
roof of the input and output warehouse. The third one (model TBSN-27) has been installed in the
administration area, placed in the roof of the main corridor.
For further details of the placement of the AHU and calculations, please refer to the appendix 2.
5.2.6.3

Piping distribution

The water pipe distribution system is assembled in black steel and sized depending on the flows and pressure
losses obtained in the calculations. However, such values have been calculated always avoiding velocities of
the water higher than 1,5 m/s in order to remove not only high noise levels that may be annoying for the
workers, but also increase the useful life of the installation. The whole calculation of the pipe distribution
and how this is placed within the building can be found in the appendix 2 and 6.
Moreover, the pipes go from the chiller (which is placed in the middle of the west roof) to each fan coil of
the building by a two-pipe distribution. Therefore, one pipe is for the incoming water while the other acts as
a returning pipe going back to the chiller. However, both pipes perform the same way for cold and hot water
and that is why they will be isolated according to the RITE, which establishes an isolation level of 10ºC for
0,040 kcal/(h·m·ºC). Also, and as the two pipes must satisfy heating and cooling thermal loads requirements,
the dimensions have been calculated for the most restrictive flow in order to assure the proper performance
of the water distribution.
The last step has been the calculation of pressure loss in the pipes, which is relevant in order to select the
proper hydraulic pump for the chiller which will inject the water reaching each terminal unit. If the pump
cannot overcome the pressure losses through the pipes, the water will not reach the fan coils meaning a
climatization issue. Therefore, all elements of the system have been taken into account in the pressure loss
calculation, which can be found also throughout the appendix 2.
5.2.6.4

Air ducts distribution

Within the factory, it can be found the air duct systems which aim at ventilating or climatizing the air. There
are two distribution system split into the air ducts of the rooftop unit and the ones of the AHU. The
distribution and full calculation of the air duct systems is found in the appendix 2 and in the drawings of the
appendix 6.
•

Rooftop air ducts

The first air duct distribution system is placed in the production room, which is connected to the rooftop unit.
Such air duct system aims at both climatizing and ventilating the production room by two types of ducts, but
being both of them of circular section.
-

Incoming air duct: Takes the air from the outdoor environment through the rooftop unit and
introduces filtered and treated air into the production room by two main air ducts placed in
the west and east part of the room.
Memory – Aleix Borrego Claveria
36

Master Thesis in Industrial Engineering
-

Outcoming air duct: Takes back the polluted air of the production room towards the outside,
but first exchanging the heat of such air with the incoming air in the recovery heat chamber
within the rooftop unit. The outcoming air duct is placed in the middle of the production
room, as it is the most demanding area to be ventilated due to the heavy machinery used.

In this air duct distribution, the highest air velocity has been set up at 12,5 m/s according to the regulation,
which imposes that in industrial processes it cannot overcome such velocity.
•

AHU air ducts

The distribution of the AHU air ducts has been made in the same way, even though the flows and pressure
losses are lower, thus the section of the air ducts is also lower. Opposite to the rooftop air ducts, the AHU air
ducts are rectangular as they are easier to install.
In the same way that the rooftop air ducts, these are also having two types of ducts, one for incoming air and
the second for outcoming air. However, the velocity in the AHU units has been set up at 6 m/s as it is mainly
used for offices, as the noise produced by the air must be reduced.
5.2.6.5

Terminal units

The terminal units are the equipment selected to introduce or extract the air from the rooms. Regarding the
climatization systems used, the terminal units used for the chiller are fan coils, while the terminal units used
for the rooftop and AH units are diffusors.
•

Fan coils

The fan coils are placed in each of the rooms to be climatized apart from the production room. These terminal
units can perform as a heating or cooling source responding to the need of the room. However, the unit
selected is not the same per each room, as it depends on the cooling or heating requirements. Nevertheless,
the type of fan coil installed will be the same for all the rooms, which will be the cassette type from the
supplier CARRIER. The model installed in each area can be seen in the table below.
Table 8. Fan coil selection.

Zone

Heating load Cooling load Fan coil model Uts

Input Warehouse

4923,10

4679,51

42GW 010

1

Output Warehouse
Cutting Oil Warehouse
Silver Graphite Warehouse
Gas Warehouse
Waste Warehouse

5982,45
899,91
899,91
984,81
899,91

6151,86
1226,63
1725,55
1254,93
1226,63

42GW 016
42GW 004
42GW 004
42GW 004
42GW 004

1
1
1
1
1

Oven waiting room
Quality Control
Commercial Room 1
Commercial Room 2
Commercial Room 3
Commercial Room 4
Packing Room
Compressors Room
Boilers Room
Relaxing Room
Office Room 1

1026,89
876,33
674,09
596,15
727,38
2941,36
1419,59
791,09
791,09
10892,44
862,71

1331,85
2648,19
1433,41
1407,43
1886,36
5050,16
2584,18
1253,25
1253,25
17201,37
1602,47

42GW 004
42GW 008
42GW 004
42GW 004
42GW 004
42GW 012
42GW 008
42GW 004
42GW 004
42GW 010
42GW 004

1
1
1
1
1
1
1
1
1
4
1
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Zone
Office Room 2
Office Room 3
Office Room 4
Office Room 5
Office Room 6
Office Room 7
Office Room 8
Nursery
Archives 1
Archives 2

•

Heating load Cooling load Fan coil model Uts
806,34
859,40
1582,87
1062,95
1111,77
497,54
529,38
1133,30
4381,46
5132,24

1534,15
1551,84
2453,34
1570,80
1587,08
1132,88
1143,49
2743,81
5669,32
6726,79

42GW 004
42GW 004
42GW 008
42GW 004
42GW 004
42GW 004
42GW 004
42GW 008
42GW 016
42GW 016

1
1
1
1
1
1
1
1
1
1

Diffusors

The diffusors are units aiming at distributing the air evenly through a room and can be found in multiple
shapes and dimensions. However, the diffusors used in the project are of two types, rectangular and circular
grills. The grills are from the supplier TROX S.A., being the rectangular ones used in the incoming and
outcoming air ducts for the rooftop unit and AHU of the administration area.
For the other two AHU of the production area, circular diffusors are placed for the incoming air ducts, while
rectangular grills are used in the outcoming ducts. Further details and placement of the grills can be found in
the appendix 2 and drawings are also attached in the drawing appendix.
5.2.6.6

Other equipment installed

Throughout the installation of the main equipment it is also necessary to place the proper pumps, valves,
storage tanks and other secondary equipment. Such equipment is installed according to the calculations
made in the appendix 2, where it can also be found further details about the selection of this secondary
equipment and its purpose within the climatization systems.
For the toilets and locker rooms, extraction boxes have been placed with disc valves which extract the air
from smelly areas such as the ones mentioned. Therefore, the toilets and locker rooms have been ventilated
by using extracting equipment to avoid any further distribution of possible smells.
5.3

Electricity Supply

The aim of this chapter is to design and calculate the electrical loads according to the equipment specified
by the company case and the previous sections of the project. Moreover, the electrical substation will be
designed regarding the supply of power to the industrial plant. Also, all power supplies will be placed in the
building. All calculations and distribution of electrical loads will be further defined in the appendix 3 and the
drawing folder.
5.3.1

Production of electricity

Another step to provide the factory the whole installation system is to supply electricity. The equipment
placed within the plant includes from machinery to climatization systems or luminaires, which need electrical
power to operate. Without electrical installation, all the previous steps of this project are useless, as it would
not be possible to carry on with any process of the factory.
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The domestic equipment used in the plant is supplied in low voltage (230 or 400V). Therefore, in an electrical
project like this it may be found two possibilities:
-

An installation where the electrical connection is made in medium voltage (MV) and afterwards it is
reduced to low voltage (LV) from the main distribution panel.
An installation where the electrical connection is made directly in LV, placing the linking connections
which is the installation between the property and the public grid.

However, to provide the installation of low voltage it is needed to place an electrical substation in the factory,
which will provide the plant with electricity, taking the one from the public grid and lowering the voltage to
the standardized voltage of 400V (three-phase) or 230V (mono-phase). Therefore, the next section explains
how the electrical substation is designed and which elements must be considered when designing and
calculating it.
5.3.1.1

Electrical substation of third category

The electrical substations (ES) of third category are those distribution lines which carry the electricity from
the high voltage stations to both electrical substations of distribution companies or specific users (normally
industrial users) such as big shopping malls or factories which require of a high power. Afterwards, in such
electrical substations, the voltage is lowered from middle to low voltage.
It is important to mention that regardless of the regulation applied to the whole electrical installation, there
is a completely individual regulation for electrical substations set up by the following orders or decrees.
-

Regulation about safety conditions and security in high voltage installations (ICT-LAT-01/09).
Real Decree 3275/1982 of Technical conditions and guarantees in electrical stations or electrical
substations.
Regulation of safety conditions and security in electrical substations.

To this extent, the electrical substations are the facilities where the electricity is lowered from middle to low
voltage (400/230V). However, the electrical substations may be listed as following.
-

-

5.3.1.2

Depending on the location: The ES may be located either inside independent buildings or outside in
the street. However, they use to be placed in prefabricated work cabins in open spaces like rural
areas or industrial parks.
Depending on the property: There are two main options concerning property. The ES may be owned
by a distribution company which supplies electricity to different users or it may be owned directly by
the user when these needs to handle its own power (normally for high power consumption).
However, the second option requires also to hire the electricity in middle voltage from a distribution
company, therefore the ES is split up in two spaces. The first one open to the distribution company
to check the counters and perform any needed maintenance, and the second for the user itself.
Nevertheless, both spaces may be placed in the same space, although with separated entrances.
Elements of an Electrical substation

When designing an electrical substation, all their installations are placed in what is called cells or cabins,
which have different functions. The cells are normally prefabricated and divided in:
-

Line input cell: it receives the conductor of middle voltage which will be connected to the substation,
equipped with a disconnecting switch and a ground installation.
- Line output cell: it aims at distributing the electricity to other substations.
- Disconnection cell: it will disconnect the user part of the electrical substation in case of operating
error. It includes disconnection or automatic switches depending on the power of the station.
- Protection cell: it is the cell which contains all the protection devices of the substation.
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-

-

5.3.1.3

Measure cell: Includes three current transformers and three voltage transformers to measure
current and voltage.
Protection cell of the transformer: it refers to the individual protection of the transformer, normally
done by fuses and switches.
Transformer: it is the crucial element of an electrical substation, as it is the machine which reduces
the voltage from the public grid to low voltage needed within the user installation. However, the
transformers emit a high loss of energy as heat and therefore they need to be cooled down to avoid
higher losses.
Low voltage panel: From each transformer installed there is a connection to the low voltage panel,
which is the element in charge of distributing all the LV lines (protected), which will be connected to
the main distribution panel of the factory.
Ground installation of an electrical substation

An important part of an electrical substation is the ground installation, which is divided in two parts, the
service and protection installation. Both are built in separated spaces, and to avoid the contact between
them is a must. Any electrical transference of voltage may be very dangerous, therefore the need to isolate
one from another. The regulation 3275/1982 of safety in electrical substations states that there should be an
underground distance of 15 meters between the service and protection installation. In the next section both
ground installations are explained.
-

5.3.2

Protection installation: This part of the ground system aims at connecting to the ground the metallic
parts of the installation to avoid overloads due to accidents or errors in the electrical installation.
Therefore, it avoids that through a failure the metallic parts cause any damage to other devices or
even persons.
This installation assures that the step and touch potential generated due to errors in the installation
are always lower than the admissible voltage in order to protect devices and persons.
▪ Step potential: Is the voltage between two person’s feet when these are having different
tension in each one.
▪ Touch potential: Is the voltage between an electrified object and a person who is touching a
metallic object and whose potential is lower.
The installation includes metal parts of copper or steel connected to the ground and about 2m long
and 19mm of diameter. The standardized section is 50mm2 and it is placed in the perimeter of the
substation.
Service installation: It connects the transformer to the ground and it is placed separately from the
protection installation. It avoids any damages to the transformer due to possible overloads.
Supplying electricity to the industrial plant

Once the electrical substation is ready to produce or transform the incoming current into low voltage
electricity, this can be already supplied to the factory. However, some steps should be done in order to
transfer the electricity from the electrical substation to each of the loads within the building.
The installation used in the project involves a connection in low voltage, where an electrical substation is
placed along the building and connected to the public grid, but lowering the voltage to LV and distributing it
to the different equipment of the factory. Nevertheless, the proper linking connection shall be done, which
involve the following:
-

General Protection Box (GPB).
Main Power Line (MPL).
Counting Equipment (measure and control equipment).
Individual Branching (IB).
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5.3.2.1

Power Control Switch (PCS).
Other general equipment of control and command.
General Protection Box

The GPB is the group of panels where the protection equipment for the main power line is placed. Also, the
measure and protection devices may be placed inside such box. The GPB is regulated by the Low Voltage
Regulation ITC-BT-13. It states that the GPB must be installed in generic spots with easy access for the
personnel of the distribution company.
An important requirement affecting the project is that when the power supplied to the building is higher
than 15kW (which it occurs) or it supplies a single factory, there is no need to install more than one protection
group, being needed a single GPB. However, in such case, the measure and protection devices should not be
placed within the GPB but in the exterior of the factory. In the same direction, the GPB should be placed
outside the plant and within a little closet, in the façade of the building and with easy access from the outside.
5.3.2.2

Main Power Line

The MPL is the conductor which links the GPB with the counting devices, also regulated by the Low Voltage
Regulation (ICT-BT-14). The technical regulation states that the conductor must fulfil some requirements as
the following.
5.3.2.3

Its material should be either copper or aluminium.
Isolation level of 0.6/1kV (1000V).
Cable type low in fire propagation and smoke emission.
Minimum section of 10mm2 for copper and 16mm2 for aluminium.
The maximum voltage fall of the MPL should be 0,5%.
Measure and Protection Devices

The measure and protection devices aim at protecting and counting the energy consumption. They normally
have protection fuses, current transformers, energy counters and disconnector switches which avoid any
leakages within the installation. This equipment is installed according to the power of the installation and
there are many standardized models done by different suppliers which already fulfil all the requirements of
the regulations depending on the type of building or service.
5.3.2.4

Individual Branch

The IB is the conductor cable that links the GPB and the main distribution panel of the installation user. This
is regulated also by the Low Voltage Regulation (ICT-BT-15). It states that the features of such cable must be:
-

5.3.2.5

The material of the cable must be copper or aluminium.
Isolation level of 450/750V for single-pole conductors and 0,6/1kV for both multipolar conductor or
if installed underground.
Cable type low in fire propagation and smoke emission.
Minimum section of 2,5mm2.
The maximum voltage fall of the IB should not be above 1% in centralized counters and 1,5% in case
of single supply, being the last one the requirement applied to the project.

General equipment of protection and command
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These devices are in charge of protecting the whole interior installation of the user. As the previous
equipment, it is also regulated by the Low Voltage Regulation (ICT-BT-17). The technical instruction sets the
minimum protection devices that must be placed in the installation.
5.3.3

The power control switch (PCS), which must be installed before any other device.
The main automatic switch (MAS), also protected against overloads and short circuits. It should be
independent from the PCS.
The main residual-current device, for the protection against indirect contacts. It can be also placed a
residual-current device per each circuit.
The magnetothermal switch, which objective is to protect against overloads and short circuits in each
circuit of the installation.
Elements of an electrical installation in low voltage

The second part of the introduction is to present all the needed equipment which is placed within the factory,
caring of the electrical distribution of the plant.
5.3.3.1

Distribution Panels

These are the boxes where the command and protection devices of the installation are placed. Such boxes
are built normally in plastic or metal. The distribution panels are placed along the factory and depending on
the function may be from different type. Regardless of the function, in each of the panels the proper
signalling must be included.
-

Main Distribution Panel
Subpanels
Terminal Panels

Normally, the main distribution panel is of big dimensions, installed inside of metallic modular closets. It also
includes little fans and illumination to prevent of any heat overload and the input of the cables is done
underneath the panel, while the output is placed in the superior part. Opposite, the subpanels or terminal
panels are small panels built into plastic closets where input and output of the electric cables use to be in the
superior part of the panel. In addition, the equipment placed in a distribution panel is divided in three
categories.
-

Protection devices: Magnetothermal switches, residual-current devices and fuses.
Command elements: Disconnectors, contactors, pushbuttons, controllers, etc.
Measure devices: Voltmeter, amperemeter, grid analyser and so on.

5.3.3.2

Electrical conductors

The conductors are metals which transport the current due to its low resistivity to electricity. However, in
industrial installation these materials must be listed depending on different features.
5.3.3.2.1

Material

The materials used as an electrical conductor in low voltage cables are copper and aluminium. The first one
has a conductivity of 56m/Ω·mm2, and it is normally used in interior installations. On the other hand, the
aluminium has a lower conductivity of 35m/Ω·mm2, and it is used in high voltage cables or in low voltage
distribution with high power and longer lines, due to its cheaper price.
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5.3.3.2.2

Isolation

For the electrical cables used in LV installations, the conductor material is covered with an isolation material
such as PVC (Poly-Vinyl Chloride) or XLPE (Cross Link Poly Ethylene). Nevertheless, this isolation is installed
according to the isolation level required, which fixes the voltage that the isolation can hold without the
conductor being damaged. The standard isolation levels included in the low voltage regulation are the
following.
-

750V (450/750V): Used basically in secondary lines.
1000V (0,6/1kV): Used for both principal and secondary lines, in the interior of metallic trays or under
protective tubes.

5.3.3.2.3

Number of conductors in the cable

The cables of an electric installation may carry different conductors inside, all of them isolated from one
another. However, depending on the number of conductors placed within the cable, they can be divided in
two main groups.
5.3.3.3

Single-pole: the cable includes just one conductor (its isolation level may be lower than 450/750V).
Multipolar: the cable carries multiple conductors at a time, requiring an isolation level higher of
1000V and with a maximum section of 50 to 70 mm2, to avoid difficulties with handling.
Electrical conduits

Until now, it has been defined the type of electric installations as well as the elements included in it. However,
the cables placed in an electric installation must be transported to the different elements which require
electricity. This function is executed by the electrical conduits placed along the factory, which aim at making
easier the transport of the conductors but at the same time protecting the cables. Therefore, the conduits
may be listed depending on the function of the conduit.
•

Protective tubes

Used basically to protect small cables in individual circuits. May be divided in:
-

Rigid tubes of plastic: For normal protections.
Rigid tubes of metal: Used when the protection needs to be higher.
Flexible tubes of plastic: In installations recessed in facings or for underground placement.
Flexible strengthen tubes: Built in metal but covered with plastic. It is used in industrial installations,
in the last part of the connection to industrial machinery, due to its high protection.

•

Distribution trays

The trays are used normally for the distribution of high amount of electric cables, where the isolation level
of them is high (1000V). They are divided depending on the material, as they can be made of metal or plastic.
The trays do not need to include a cover, as the cables can just lay on the tray and move along the building.
Nevertheless, if the tray is accessible from the floor, it should include a cover to avoid any possible access.
•

Protection conduits

These are similar to the distribution trays but of smaller dimension. They are used normally in the interior of
offices or computer rooms, as they allow the placement of power supplies in the frontal part. The cables
placed inside the conduit are just the ones which connect to such power supplies. For the installation of the
conduits can be done in plastic (PVC) or metal, using a cover on top to place the cables.
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•

Prefabricated conduits

These distribution systems are prefabricated elements which include conductors covered by a metallic tub,
where all the connections and branches are placed as well. This system presents some advantages from the
traditional distribution systems such as:
-

Fast assembly.
More flexibility.
Easy maintenance.

However, this kind of prefabricated conduits are used only in illumination and power distribution
installations.
5.3.4

Calculation of electrical loads

With all the general data set up for the electrical installation, the calculation of all the lines as well as the
distribution of the wiring should be done to provide all the loads with electricity, thus being able to perform.
However, the calculation of the wires and the proper installation is further explained in the appendix 3. In
the table below it is presented a summary of the electrical lines and how the section of the wiring is going to
be.
Table 9. Section of the phase, neutral and ground wires.

Line

Unit

Length
[m]

Area P
[mm2]

Area N
[mm2]

Area Ground
[mm2]

61
65,75
75,7
31,5
21
13,4
20,5
21,5
40,5
44

2,5
2,5
4
6

2,5
2,5
4
6

2,5
2,5
4
6

11
54,5
65

6
2,5
4
2,5
50
6
50
35
10

6
2,5
4
2,5
50
6
50
35
10

6
2,5
4
2,5
25
6
25
16
10

G1
G2
G3
G4

Machine 1
Machine 2
Machine 3
Machine 4

G5
G6
G7
G8
G9
G10
G11
G12
G13

Machine 5
Machine 6
Machine 7
Machine 8
Chiller Unit
Rooftop Unit
Subpanel 1
Subpanel 2
Subpanel UPS

G14

Emergency

81,7

2,5

2,5

2,5

S1.1
S1.2

Lighting Production 1
Lighting Production 2

19
14,2

2,5
2,5

2,5
2,5

2,5
2,5

S1.3
S1.4

Lighting Production 3
Lighting Production 4

10
14,85

2,5
2,5

2,5
2,5

2,5
2,5

S1.5
S1.6
S1.7
S1.8

Lighting Production 5
Lighting Production 6
Lighting Production 7
Lighting Output Warehouse 1

19,75
24,75
29,55
7,5

2,5
2,5
2,5
2,5

2,5
2,5
2,5
2,5

2,5
2,5
2,5
2,5

S1.9

Lighting Output Warehouse 2

5

2,5

2,5

2,5
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Length
[m]

Area P
[mm2]

Area N
[mm2]

Area Ground
[mm2]

S1.10 Lighting Packing 1
S1.11 Lighting Packing 2

7,5
7,75

2,5
2,5

2,5
2,5

2,5
2,5

S1.12 Lighting Quality Control 1
S1.13 Lighting Quality Control 2

7,7
9

2,5
2,5

2,5
2,5

2,5
2,5

S1.14 Lighting Quality Control 3
S1.15 Lighting Compressors Room 1

10,3
12

2,5
2,5

2,5
2,5

2,5
2,5

S1.16 Lighting Compressors Room 2
S1.17 Lighting Boilers Room 1

14
16

2,5
2,5

2,5
2,5

2,5
2,5

S1.18 Lighting Boilers Room 2
S1.19 Lighting Oven wait. Room 1

18
20

2,5
2,5

2,5
2,5

2,5
2,5

22
33,2
34,6
38,6

2,5
2,5
2,5
2,5

2,5
2,5
2,5
2,5

2,5
2,5
2,5
2,5

S1.24 Lighting Waste Warehouse 1
S1.25 Lighting Waste Warehouse 2

41,7
43,7

2,5
2,5

2,5
2,5

2,5
2,5

S1.26 Lighting Cutting Oil Warehouse 1
S1.27 Lighting Cutting Oil Warehouse 2

45,8
47,8

2,5
2,5

2,5
2,5

2,5
2,5

S1.28 Lighting Silver G. Warehouse 1
S1.29 Lighting Silver G. Warehouse 2

49,9
51,9

2,5
2,5

2,5
2,5

2,5
2,5

54
56

2,5
2,5

2,5
2,5

2,5
2,5

S1.32 Lighting Male Locker Room 1
S1.33 Lighting Male Locker Room 2

58,25
60,5

2,5
2,5

2,5
2,5

2,5
2,5

S1.34 Lighting Female Locker Room 1
S1.35 Lighting Female Locker Room 2

62,85
65,1

2,5
2,5

2,5
2,5

2,5
2,5

S1.36 Lighting Production Toilet 3
S1.37 Lighting Production Toilet 4

10,6
18,5

2,5
2,5

2,5
2,5

2,5
2,5

S1.38
S1.39
S1.40
S1.41
S1.42
S1.43

34,5
33,4
35
16,5
34
37,8

2,5
2,5
10
2,5
2,5
10

2,5
2,5
10
2,5
2,5
10

2,5
2,5
10
2,5
2,5
10

S1.44 Power outlet

69,5

6

6

6

S2.1
S2.2
S2.3
S2.4
S2.5

13,3
12,3
5,9
14,6
23,3

2,5
2,5
2,5
2,5
2,5

2,5
2,5
2,5
2,5
2,5

2,5
2,5
2,5
2,5
2,5

Line

S1.20
S1.21
S1.22
S1.23

Unit

Lighting Oven wait. Room 2
Lighting Input Warehouse 1
Lighting Input Warehouse 2
Lighting Input Warehouse 3

S1.30 Lighting Gas Warehouse 1
S1.31 Lighting Gas Warehouse 2

Lighting Nursery 1
Lighting Nursery 2
AHU Production Area
Fan coils 1
Fan coils 2
Power outlet
Lighting Main Corridor 1
Lighting Main Corridor 2
Lighting Relaxing Room 1
Lighting Relaxing Room 2
Lighting Relaxing Room 3 and Toilet
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Line

Unit

Length
[m]

Area P
[mm2]

Area N
[mm2]

Area Ground
[mm2]

S2.6
S2.7

Lighting Relaxing Room 4 and Toilet
Lighting Female Administration Toilet 1

33,1
25,5

2,5
2,5

2,5
2,5

2,5
2,5

S2.8
S2.9

Lighting Female Administration Toilet 2
Lighting Male Administration Toilet 1

27,75
30,1

2,5
2,5

2,5
2,5

2,5
2,5

S2.10 Lighting Male Administration Toilet 2
S2.11 Lighting Archives 1

31,6
36

2,5
2,5

2,5
2,5

2,5
2,5

S2.12 Lighting Archives 2
S2.13 Lighting Archives 3

38,5
41

2,5
2,5

2,5
2,5

2,5
2,5

S2.14 Lighting Archives 4
S2.15 Lighting Main Corridor 3

43,5
3,4

2,5
2,5

2,5
2,5

2,5
2,5

S2.16
S2.17
S2.18
S2.19

7,9
12,44
14,5
16,6

2,5
2,5
2,5
2,5

2,5
2,5
2,5
2,5

2,5
2,5
2,5
2,5

S2.20 Lighting Offices 4
S2.21 Lighting Offices 5

20
22,2

2,5
2,5

2,5
2,5

2,5
2,5

S2.22 Lighting Offices 6
S2.23 Lighting Offices 7

23,7
25,2

2,5
2,5

2,5
2,5

2,5
2,5

S2.24 Lighting Offices 8
S2.25 Lighting Offices 9

26,7
40,6

2,5
2,5

2,5
2,5

2,5
2,5

S2.26 Lighting Archives 5
S2.27 Lighting Archives 6

44,7
47,2

2,5
2,5

2,5
2,5

2,5
2,5

S2.28 Lighting Archives 7
S2.29 Lighting Archives 8

49,7
52,2

2,5
2,5

2,5
2,5

2,5
2,5

S2.30 AHU Administration Area
S2.31 Fan coils 1

36
7,25

4
2,5

4
2,5

4
2,5

S2.32 Fan coils 2
S2.33 Fan coils 3

12,5
23,75

2,5
2,5

2,5
2,5

2,5
2,5

S2.34
S2.35
S2.36
S2.37

Power outlet
Power outlet
Power outlet
Power outlet

35,2
45
25,5
53

6
6
6
6

6
6
6
6

6
6
6
6

S2.38 Emergency Lighting

55,3

2,5

2,5

2,5

SU.1
SU.2

Power outlet
Power outlet

16,3
21,4

2,5
2,5

2,5
2,5

2,5
2,5

SU.3

Power outlet

55,6

4

4

4

5.3.5

Lighting Main Corridor 4
Lighting Offices 1
Lighting Offices 2
Lighting Offices 3

Description of the solution implemented

The production of electricity will start in the electrical substation, which will decrease the voltage of the
public grid from middle to low voltage through two electrical transformers placed inside the substation.
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Afterwards, the current will be supplied through the main distribution panel, which will carry the electricity
by wires to all the loads of the building. Other subpanels have been placed throughout the plant in order to
improve the distribution of the electricity and at the same time reducing the amount of loads as they are
being divided between the 2 subpanels.
The wires will be carried by metallic trays placed along the factory and isolated by cross link poly ethylene
(XLPE) of 0,6/1kV. However, when connecting each wire to its load, metallic conduits will be also used in case
the connection should be made in the middle of some space such as machinery. Moreover, plugs will be also
placed along the building to allow the connection of other needed loads such as computers, printers or other
equipment used to perform the daily activities of the company.
Each of the lines calculated will also include protection equipment constituted of a magnetothermal and a
residual-current switch, which will protect from possible overloads or short circuits produced by overuse of
the loads or other issues that may affect the installation.
5.3.5.1

Electrical substation

The electrical substation will be a prefabricated building by the supplier Schneider Electric S.A. The model
selected is the Clipper C substation, which will be located in the west façade of the building, next to the
packing warehouse. The main features of the building can be seen below.
-

Model: Clipper C 1250 kVA
Power: up to 1250 kVA
Transformation: MV/LV
Dimensions: 7500 x 2100 x 2950 (length x width x height)

Within the electrical substation two transformers will be installed in order to supply the electricity to the
industrial plant. The power to be installed is 120 kW with a power factor of 0,86, which means an apparent
power of 140 kVA for the transformer. However, the installation has been oversized 20% from the nominal
power, to provide enough power to the plant in case there is some breakdown in the factory. That is why it
has been also decided to install two transformers which will share the total power, as if one transformer
presents some performance issues, there will be a second one which can still provide electricity to the plant.
Otherwise, in case just one transformer is placed, if this breaks down the whole factory will run out of power
until it is substituted or fixed. The placement of the ES may be found in the plan 8 of the drawing appendix.
5.3.5.1.1

Transformers

The electricity supply is carried out by two transformers that will produce the total amount of power needed
of 168 kVA. The electrical connection coming from the public grid will reach the electrical substation in
medium voltage, which will be reduced to low voltage by the transformers. Each device will supply 50% of
the total power, being the nominal power 85 kVA. The transformer selected will be the model Minera PoleMounted of Schneider Electric S.A.
From the transformer, the main power line is conducted until the main distribution panel, where all the lines
get distributed to the factory. The general panel also includes all the protections and the measure and control
devices which regulate the power supply to the building.
5.3.5.1.2

Capacity bank

The production of electricity will also be supported by a capacity bank to compensate the reactive energy.
This element is thought to avoid overcost in the electricity bill due to penalties imposed by the electrical
distribution company.
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The supply of electricity is conducted in active power. However, the reactive energy is in charge of
maintaining the magnetic fields working within the transformers, which is related to the active power
through the angle formed between them in the power triangle, known as power factor. The issue comes
when the regulation imposes severe fines depending on the range where such power factor performs.
Using capacity banks intends to increase the power factor, which may be seen as a useless investment, but
in long term the savings might even give back some significant benefits. The fines may reach up to 0,06
€/kVArh.
Therefore, a capacity bank has been placed to improve the power factor of the installation, which is increased
from 0,86 to 0,98 by installing a capacity bank of 70 kVAr split up in 4 stages of 25+25+12,5+6,25 kVAr. The
stages of the device allow the installation to compensate continuously the reactive energy accordingly to the
use of active power in the installation, keeping the power factor as stable as possible.
5.3.5.2

Ground installation

An important step for the installation is to provide the building with the proper ground connections to
transfer any overload or electrical failure towards the ground. The installation is made with a copper
underground conductor, of 35mm2 of section, which is placed in the surroundings of the building, creating a
potential mesh. The conductor is attached to several metallic parts distributed around the factory which aim
at conducting the current directly to the ground, removing the dangerous overloads produced in the
installations.
5.3.5.3

Wiring and protections

The whole wiring system of the building will be done in black steel and isolated with 2 x XLPE for mono-phase
lines and 3 x XLPE for three-phase lines. The sections of each wire have been done according to the estimated
and admissible current which will flow through the conductor to avoid an overheating of the line. Therefore,
the sections have been calculated according to the ICT-BT regulation, which establishes the current per each
section and isolation level.
The system starts in the main distribution panel, which is placed within the electrical substation. From there,
the lines G1 to G14 are distributed through the plant and connected to their loads. However, the lines G12,
G13 and G14 are carried until the other 3 subpanels placed in the factory. From those subpanels, all the
mono-phase lines are distributed (illumination and power supplies) by a metallic tray which carry the
different lines throughout the building to each connection point.
Moreover, protections have been installed in order to protect each line from overloads or short circuits. The
protection is constituted by a magnetothermal and residual-current switches, which disconnect the line in
case the intensity reaches the admissible current of the protection switches. Therefore, the design of such
protections has been made in order to allow the estimated current flowing through the conductor, but
disconnecting the line if such current increases exceeding the admissible current set up by the wire. If the
protection is not installed, any overheating of the conductor would produce the destruction of the line and
damaging several equipment of the plant.
All the protections selected are from the supplier Schneider Electric S.A. The models installed are summarized
in Table 10. However, further details can be found in appendix 3.
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Table 10. Models selected for the protection devices.

Line
G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
S1.1
S1.2
S1.3
S1.4
S1.5
S1.6
S1.7
S1.8
S1.9
S1.10
S1.11
S1.12
S1.13
S1.14
S1.15
S1.16
S1.17
S1.18

Unit

Reference
Catalogue

Type of switch
4P/20A/300mA
4P/20A/300mA

Machine 1
Machine 2
Machine 3
Machine 4
Machine 5
Machine 6
Machine 7
Machine 8
Chiller Unit

A9F89420
A9F89420
A9F89425
A9F89432
A9F89432
A9F89416
A9F89425
A9F89416
A9N18372

Rooftop Unit
Subpanel 1

A9F89420
A9N18372 4P/80A/300mA
A9F89460 4P/63A/300mA

Subpanel 2
Subpanel UPS
Emergency
Lighting Production 1
Lighting Production 2
Lighting Production 3
Lighting Production 4
Lighting Production 5
Lighting Production 6
Lighting Production 7

Lighting Output Warehouse 1
Lighting Output Warehouse 2
Lighting Packing 1
Lighting Packing 2
Lighting Quality Control 1
Lighting Quality Control 2
Lighting Quality Control 3
Lighting Compressors Room 1
Lighting Compressors Room 2
Lighting Boilers Room 1
Lighting Boilers Room 2
S1.19 Lighting Oven wait. Room 1
S1.20 Lighting Oven wait. Room 2
S1.21 Lighting Input Warehouse 1
S1.22 Lighting Input Warehouse 2
S1.23 Lighting Input Warehouse 3
S1.24 Lighting Waste Warehouse 1
S1.25 Lighting Waste Warehouse 2
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A9F89420
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216

4P/25A/300mA
4P/32A/300mA
4P/32A/300mA
4P/16A/300mA
4P/25A/300mA
4P/16A/300mA
4P/80A/300mA
4P/20A/300mA

4P/20A/300mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
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Line

Unit

S1.26 Lighting Cutting Oil Warehouse 1
S1.27 Lighting Cutting Oil Warehouse 2
S1.28 Lighting Silver G. Warehouse 1
S1.29 Lighting Silver G. Warehouse 2
S1.30 Lighting Gas Warehouse 1
S1.31 Lighting Gas Warehouse 2
S1.32 Lighting Male Locker Room 1
S1.33 Lighting Male Locker Room 2
S1.34 Lighting Female Locker Room 1
S1.35 Lighting Female Locker Room 2
S1.36 Lighting Production Toilet 3
S1.37 Lighting Production Toilet 4

Reference
Catalogue
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216

Lighting Nursery 1
Lighting Nursery 2
AHU Production Area
Fan coils 1
Fan coils 2
Power outlet
Power outlet
Lighting Main Corridor 1
Lighting Main Corridor 2
Lighting Relaxing Room 1
Lighting Relaxing Room 2
Lighting Relaxing Room 3 and Toilet
Lighting Relaxing Room 4 and Toilet
Lighting Female Administration Toilet 1
Lighting Female Administration Toilet 2
Lighting Male Administration Toilet 1
Lighting Male Administration Toilet 2
Lighting Archives 1
Lighting Archives 2
Lighting Archives 3
Lighting Archives 4

A9F89216
A9F89216
A9F89216
A9F89240
A9F89216
A9F89216
A9F89450
A9F89225
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216

Lighting Main Corridor 3
Lighting Main Corridor 4

A9F89216
A9F89216

Lighting Offices 1
Lighting Offices 2

A9F89216
A9F89216

Lighting Offices 3
Lighting Offices 4

A9F89216
A9F89216

Lighting Offices 5
S2.22 Lighting Offices 6

A9F89216
A9F89216

S1.38
S1.39
S1.40
S1.41
S1.42
S1.43
S1.44
S2.1
S2.2
S2.3
S2.4
S2.5
S2.6
S2.7
S2.8
S2.9
S2.10
S2.11
S2.12
S2.13
S2.14
S2.15
S2.16
S2.17
S2.18
S2.19
S2.20
S2.21
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Type of switch
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/40A/300mA
2P/16A/30mA
2P/16A/30mA
4P/50A/30mA
2P/25A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
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Line

Unit

S2.23 Lighting Offices 7
S2.24 Lighting Offices 8
S2.25 Lighting Offices 9
S2.26 Lighting Archives 5
S2.27 Lighting Archives 6
S2.28 Lighting Archives 7
S2.29 Lighting Archives 8
S2.30 AHU Administration Area
S2.31 Fan coils 1
S2.32 Fan coils 2
S2.33 Fan coils 3
S2.34 Power outlet

5.4

Reference
Catalogue
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89216
A9F89220
A9F89216
A9F89216
A9F89216

S2.35
S2.36
S2.37
S2.38
SU.1
SU.2

Power outlet
Power outlet
Power outlet
Emergency Lighting
Power outlet
Power outlet

A9F89220
A9F89220
A9F89220
A9F89220
A9F89210
A9F89210
A9F89210

SU.3

Power outlet

A9F89210

Type of switch
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/20A/300mA
2P/16A/30mA
2P/16A/30mA
2P/16A/30mA
2P/20A/30mA
2P/20A/30mA
2P/20A/30mA
2P/20A/30mA
2P/10A/30mA
2P/10A/30mA
2P/10A/30mA
2P/10A/30mA

Domestic cold and hot water installation

Throughout this section, the installation for the production and distribution of hot and cold water will be
done. Moreover, the calculation of the daily demand and the design of hot and cold water elements will be
executed by supplying the proper equipment needed to satisfy the requirements of the plant. Furthermore,
the production of hot water will be supported by the implementation of solar thermal collectors as renewable
energy accordingly to the Technical Building Code and other current regulations.
However, supplying water to the installation has two differentiated parts which should be treated separately.
On the one hand, the supply of cold water to the installation which is made directly from the water company,
using an analogue system as the one used with the electricity. There is one main water company, normally
regulated by the city council, which distributes the water to buildings such as residential, industrial,
commercial or others. Once the connection between the public grid and the building is made, the user itself
controls the piping input, which provides the building with cold water. Therefore, a pipe installation needs
to be designed within the building to distribute the water to all the specific points which should be supplied
with cold water such as toilets, machinery, sinks or other sources. On the other hand, the production of hot
water is treated separately. To supply the factory with hot water to equipment like showers, sinks or
machinery, it shall be done by an auxiliary system. By using a boiler and/or a thermal solar installation might
be some of the options considered to heat the water and distribute it throughout the factory afterwards.
As stated, the supply of water to the installation starts with the connection the public water grid to the
building, normally done by hiring the services from the water company which takes care of such matters.
However, the connection should be done in order to provide the installation with the required amount of
water, which needs to be calculated according to the requirements of the building.
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The main parameters to take into account in a water installation are the flow, pressure, temperature and the
quality of the distributed water. From the distribution point, the water needs to be transferred to the service
spots of the building, but always assuring the correct flow, temperature and pressure to be consumed by the
user. Also, the quality of the water is a must in order to provide drinkable water to the users.
However, the main variables to calculate in an installation water are the dimensions of the piping system in
order to avoid any noises, failures or issues in the equipment.
5.4.1

Connection systems

As it has been explained, the first step to design the water installation of any building is to provide the same
with water. However, the connection types between the public grid and the building can be different
according to the simplicity of the system and the equipment installed within the building. Two types of water
grids may be considered when setting up the water connection to the building.
-

-

5.4.2

Linear grid: The water flows in just one direction. It starts from the water company connection and
flows to each of the equipment installed in the building. The advantages of such system are the
simplicity of the calculation and installation and the initial investment as well. However, any failure
in the system will stop the whole distribution of water and the dimensions of the pipes will be bigger
as they will have to carry all the flow from the beginning.
Mesh grid: This system is closed, pumping the water in any direction. The whole piping is connected
and the water is able to flow back and forth to the service points, avoiding any waste of water.
However, the calculation is more complex and it should satisfy many regulations in order to provide
quality water to each point. It is normally used to provide with water many buildings, so it can flow
to different service points easily.
Cold water installation

5.4.2.1

Elements of the installation

The cold water installation is constituted by two main elements which aim at distributing the water through
the factory to each service point required.
-

Water connection
General installation

5.4.2.1.1

Water connection

The water supply starting point is the main connection with the water coming from an external source. It
includes the design of the pipe distribution that will carry such water through the building. However, the way
of supplying water to the installation can be divided into two types:
-

-

From the public grid: In such case the water is provided by an external company normally controlled
by the municipality. The water company provides the agreed flow of water, which is distributed to
the installation and each service point of the building.
From a water well: The user supplies the installation from a water well, however, the main issues are
the high investment to pump the water and regulate it as well as assure the quality standards of the
water. The only advantage of it is the need of paying an amount of money to some water company
to supply the water.

However, for the project the type is selected, as due to lack of resources the supply of water from a well is
not possible by the company. In any case, the distribution of water made by an external company is easier
for any company due to the whole connection and maintenance process is done by the same external
company.
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5.4.2.1.2

General installation

The general installation involves the different systems used to carry the water from the connection point
until each service point of the building. The equipment used to achieve such goal are:
-

-

-

Pressure group: It aims at supplying the water from the main connection and to the pipe installation
of the building. It is constituted by a pump, valves and some anti-vibration devices which will move
the amount of water required to satisfy the whole demand of water of the building.
Piping: The design of the pipes should allow the movement of the water to each service point of the
building. The pressure losses and the size of the pipes are the main parameters to take into account
in order to be able to distribute the water.
Valves: They are installed in all the derivations of the building to allow the movement of water or to
stop it in case of failure.
Filters: The filters are placed before the pressure group in order to clean and avoid any corrosion in
the piping system.
Counters: The counting closet contains all the devices to stop and control the installation. The main
disconnection valve is placed within such closet to stop the whole supply of water in any case. It also
includes the counters for the water company and other valves to retain or regulate the water
distribution.

5.4.2.2

Cold water installation design

5.4.2.2.1

Demand of cold water

The factory’s demand of water is fixed by the amount of consumption or service points distributed along the
building, their flow and how such service points work throughout the day in terms of simultaneity. In such
direction, such consumption points are divided into the next two concepts.
-

-

Hygienic consumption: Gathers all the equipment intended to be used for hygienic purposes such as
toilets, showers, sinks, baths and so on. Regarding to the flow and simultaneity, the regulation sets
up the flow of water per each hygienic equipment, which is summarized in Table 11.
Industrial consumption: It depends on the sort of machinery installed within the plant and whether
it requires supply of water to perform its activities. In the project case, two of the machines require
supply of cold water.

However, the total consumption of the plant is not fixed by the flows previously introduced, but the
simultaneity of the consumption. In other words, all the equipment mentioned is not working at the same
moment, therefore the flow of water to be distributed will not be just the sum of their flows.
The simultaneity factor tries to respond to such matter. It takes into account the number of equipment within
the installation and approximates the simultaneity of their performance. The factor is calculated by an
equation which can be found in the Technical Building Code.
𝐶𝑓 =

1
√𝑛 − 1

Where “n” is the number of equipment in the installation to be supplied with water. However, the coefficient
may not be lower than 0,2 to provide a minimum simultaneity. Using such method, the following flows have
been applied to the whole system.

Memory – Aleix Borrego Claveria

53

Master Thesis in Industrial Engineering
Table 11. Demand of cold water.

Cold Water

Water service
Number of toilets
Number of sinks
Number of showers
Total
Simultaneity factor
Total simult. Flow
Machine 4
Machine 6

Units Flow per unit [L/s·unit]
22
9
4
35

0,1
0,1
0,2

Flow [L/s]
2,2
0,9
0,8
3,9

0,20
1
1

0,15
0,25

TOTAL

0,78
0,15
0,25
1,18

Therefore, the total flow of cold water needed in the installation is 1,18 L/s. However, not only the cold water
demand should be included in the calculation, but also the demand of hot water, even though this will be
treated separately in the next sections. It is included as the amount of hot water required is just cold water
which will be moved to an auxiliary equipment (a boiler or other heating source) which will warm the cold
water to provide the building with hot water. Therefore, the flow of hot water is summed up to the total flow
of simultaneous cold water and it will be carried through the pipes to the boilers room, where it will be
heated and then distributed to the factory.
The demand of hot water is also regulated by the Technical Building Code, also taking into account its
simultaneity. The demand per hygienic equipment is found in the Table 12, which is the only demand of hot
water within the factory.
Table 12. Demand of hot water in the plant.

Hot Water

Water service
Number of toilets
Number of sinks
Number of showers
Total
Simultaneity factor
Total simult. Flow
Machine 4
Machine 6

Units Flow per unit [L/s·unit]
9
4
13

0,065
0,1

TOTAL

Flow [L/s]
0,585
0,4
0,985

0,29
0,28
0,28

Finally, the total demand of water to be supplied is 1,466 L/s.
5.4.2.2.2

Calculation of the pipe distribution

The main element for the installation of water in the factory is the design of the pipe distribution which will
carry the water from the main water connection of the water company. The main requirement is to provide
the calculated flow to the factory, and afterwards distribute it to each consumption point of the building.
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Therefore, the design has been done by setting up different sections, which will split up into several
derivations that will carry the water to the final service points.
The water will arrive from the outside, where the main connection is executed. Then, the piping will arrive
to the compressors room, where the pressure group is placed. This group is in charge of controlling and
pumping the water to the whole factory. Once the water will leave the pressure group, the different sections
have been designed.
-

Section 1: It refers to the total flow of water incoming to the compressors room.
Section 2: This is the flow according to the hot water demand. Thus, the pipe from section 2 will leave
the main pipe to reach the boiler or the heat source installed within the boilers room.
Section 3: It will leave the compressors room to reach the derivation of the production bathrooms
(3.1).
Section 4: It will arrive until the main corridor of the plant, reaching the derivation to the
administration bathrooms (4.1).
Section 5: It will follow the main corridor towards east, reaching the derivation in charge of supplying
the machine 6 (5.1).
Section 6: This will be the last one, which will split up in two derivations, the machine 4 and the locker
rooms (6.1 & 6.2).

However, the pipe installation must be sized according to the water flowing through the different sections
and the maximum pressure drop of the installation. Therefore, the main parameters to take into account for
the design of the system are the diameter of the pipes and the pressure drop in each consumption point. The
whole calculation can be found in the appendix 4.
Table 13. Diameters of each section and derivation of the piping.

Section Simult. Flow [L/s] Diameter [mm] Diameter installed [mm]
Sec. 1
Sec. 2
Sec. 3
Der. 3.1
Sec. 4
Der. 4.1
Sec. 5
Der. 5.1
Sec. 6
Der. 6.1
Der. 6.2

1,46
0,28
1,18
0,348
0,984
0,375
0,874
0,25
0,624
0,15
0,474

35,26
15,42
31,65
17,19
28,90
17,84
27,24
14,57
23,01
11,28
20,06

40,80
20,40
32,60
18,00
32,60
18,00
32,60
16,00
26,00
14,00
20,40

Table 14. Pressure drop in each consumption point.

Equipment
Der. 3.1 Toilet 1
Der. 3.1 Toilet 2
Der. 3.1 Toilet 3
Der. 3.1 Toilet 4

Simult. Flow
[L/s]

Diameter installed
[mm]

Equivalent length
[m]

Total PD
[bar]

0,348
0,348
0,348
0,348

18,00
18,00
18,00
18,00

62,65
63,86
65,06
66,26

2,21
2,23
2,26
2,28
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Simult. Flow
[L/s]

Diameter installed
[mm]

Equivalent length
[m]

Total PD
[bar]

Der. 3.1 Toilet 5
Der. 3.1 Toilet 6
Der. 3.1 Sink 1
Der. 3.1 Sink 2
Der. 3.1 Sink 3
Der. 3.1 Sink 4
Der. 3.1 Sink 5

0,348
0,348
0,348
0,348
0,348
0,348
0,348

18,00
18,00
18,00
18,00
18,00
18,00
18,00

77,50
78,50
59,10
60,10
69,60
70,60
77,50

2,50
2,52
2,14
2,16
2,35
2,37
2,50

Der. 4.1 Toilet 1
Der. 4.1 Toilet 2
Der. 4.1 Toilet 3
Der. 4.1 Toilet 4
Der. 4.1 Toilet 5
Der. 4.1 Toilet 6
Der. 4.1 Toilet 7
Der. 4.1 Toilet 8
Der. 4.1 Toilet 9
Der. 4.1 Sink 1
Der. 4.1 Sink 2
Der. 4.1 Sink 3
Der. 4.1 Sink 4

0,375
0,375
0,375
0,375
0,375
0,375
0,375
0,375
0,375
0,375
0,375
0,375
0,375

18,00
18,00
18,00
18,00
18,00
18,00
18,00
18,00
18,00
18,00
18,00
18,00
18,00

53,60
54,80
56,00
57,20
61,72
62,93
59,92
61,12
62,32
59,43
60,60
59,83
61,00

2,30
2,32
2,35
2,38
2,49
2,52
2,45
2,48
2,51
2,44
2,47
2,45
2,48

Der. 5.1 Machine 4

0,15

14,00

28,90

1,32

Der. 6.1 Machine 6
Der. 6.2 Toilet 1
Der. 6.2 Toilet 2
Der. 6.2 Toilet 3
Der. 6.2 Toilet 4
Der. 6.2 Toilet 5
Der. 6.2 Toilet 6
Der. 6.2 Toilet 7
Der. 6.2 Shower 1
Der. 6.2 Shower 2
Der. 6.2 Shower 3
Der. 6.2 Shower 4

0,25
0,474
0,474
0,474
0,474
0,474
0,474
0,474
0,474
0,474
0,474
0,474

16,00
20,40
20,40
20,40
20,40
20,40
20,40
20,40
20,40
20,40
20,40
20,40

52,63
48,60
50,85
52,05
53,25
59,71
60,91
62,11
54,45
55,63
63,31
64,51

1,86
2,41
2,48
2,51
2,55
2,74
2,77
2,81
2,58
2,62
2,84
2,88

Equipment

5.4.2.3

Description of the system implemented

The whole distribution of water through the factory is done by different elements which have been sized and
calculated previously. Therefore, the system of cold water supply is divided into different parts which are
described in the next subsections.
5.4.2.3.1

Pipes

The pipe distribution intends to carry the flow of water supplied by the water company to each consumption
point of the building. To achieve it, polyethylene tubes have been selected as the material of the pipes due
to the low cost and the easy assembling in the construction. The pipes will be placed underground when
possible.
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Also, the pipes will be protected against corrosion by covering them with an isolation material placed in the
perimeter of the pipes along their length. Furthermore, it should be considered the appearance of
condensations in the exterior surface of the pipes, placing a separating element which will act as an antisteam barrier. Such protecting elements should be installed accordingly to the current UNE regulations.
5.4.2.3.2

Pressure group

The task of pumping the water through the installation is done by the pressure group. The two main types of
pressure groups in water installations are the conventional and variable. The main difference is the ability for
the variable pump to suit to the demand of the moment, adapting the flow throughout the day. However,
the type installed in the building will be the conventional, as the performance of the machinery is not known,
and using a variable flow could create issues if the machines need to be supplied most of the time.
The conventional group is formed by two pumps model CME5-2 from the supplier GRUNDFOS and followed
by a disconnecting valve in case the supply should be cut off. Also, a filter is placed in order to protect the
pump. The last element is the anti-vibration device, which reduces the noise of the pump.
5.4.2.3.3

Protections against backflow

The installation requires the placement of anti-backflow valves to protect the system against possible
backflows of the water, which may cause severe damages to the installation. To achieve it, different actions
must be made such as:
-

-

Placement of anti-backflow systems in each of the points that are going to be mentioned, in order to
avoid shifts in the flow direction of the water.
▪ After the counters
▪ In the derivations
▪ Before any treatment of water input
▪ In any connection which is not for hygienic purposes
The installation of water supply cannot be connected to any evacuation system or other installations
from the public grid.
The anti-backflow valves will be supported by an emptying valve in order to remove any water in
case it is required.

5.4.2.3.4

Quality of the water

The incoming water needs to satisfy some quality requirements in order to be used in the factory, mostly for
hygienic purposes. The quality of the water is based in two main topics.
•

Chlorination

When the water is consumed in the building, this needs to keep the quality in terms of being drinkable and
clean. If the water is accumulated in a tank or similar, it can lose the chlorine due to evaporation and
therefore, it must be added afterwards. However, in the project the water is not accumulated, and the
process of chlorination is in charge of the company water which supplies the factory.
•

Decalcification

Another problem that the water may experience is the presence of minerals which can precipitate in solid
state if the water reaches high temperatures. The solids may end up adhered to the pipes causing obstruction
of the water.
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If the maintenance is not done properly, such minerals may precipitate in huge amount and produce issues
in the installation. Therefore, a decalcification process should be done normally in those pipes where the
water is going to be heated such as entrances to boilers or heating sources.
Such process may be done by an external company, which would connect the water to be maintained to a
decalcification tank. This tank produces a chemical reaction removing all the minerals which may precipitate
due to high temperature. Once the process is done, the water is pumped back to the installation.
5.4.3

Hot water installation

Once the factory is supplied with cold water to each consumption point of the building, there could be also
demand of hot water within the building. Equipment such as showers or sinks are intended to be used by the
users of the building, which may require hot water in its use.
The production of hot water is done to reach temperatures of the fluid lower than 100ºC but reaching
consumption temperatures of 50 or 60ºC during the use of the water. In energetic terms, it is important to
take into account the production of hot water and the system related to it, as it represents more than 40%
of the normal use of water in a building.
5.4.3.1

Elements for the supply of hot water

In order to supply with hot water each consumption point of the building, few elements are installed as listed
below.
-

-

Heat source: Normally a boiler, which is used to heat the water until its service temperature. The
power of the boiler will be defined by the consumption of the plant.
Accumulation tank: It allows the heated water to be stored. Therefore, the water does not need to
be heated when its used is required, but storing it in an accumulation tank and just pumping it when
it is necessary. However, the factory will not have an accumulation tank within the hot water
installation.
Pipe distribution: It carries the hot water from the heating source until the consumption points.

The production of hot water is under some technical regulations which control the consumption
temperatures and its distribution. The minimum requirements for a hot water installation are fixed in order
to avoid the presence of legionella in the water, which is a dangerous bacterium for the human health. In
such case, the regulation sets up a service temperature not lower than 50ºC and a maximum temperature
for the installation to be able to bear of 70ºC.
On the other hand, it should be avoided to provide water with higher temperature than 40ºC with the skin.
This can be done by blending the hot water with the cold water installation in the service point by controlling
the temperature with sensors.
5.4.3.2
5.4.3.2.1

Calculation of the hot water installation
Demand of hot water

The amount of hot water to be supplied to the plant has already been calculated before in the cold water
section. The hot water should be supplied mainly to sinks and showers all over the factory, with a total
amount of 13 equipment.
The demand of hot water is summarized in Table 12, with a total flow of 0,28 L/s required.
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5.4.3.2.2

Calculation of the pipe distribution

As well as with the cold water distribution, the hot water needs to be moved from the boiler to each
consumption point of the factory, which is done through the pipes. The calculation of the piping has been
carried out using the same methodology as with the cold water installation, by differentiating the different
sections of the building depending on the different areas which need to be supplied with hot water.
The water will be introduced in the boiler, where it will be heated reaching the service temperature over
50ºC. Afterwards, the pipes will distribute the water through the factory to each service point.
-

Section 1: The water leaves the heat source to the first derivation, which includes the production
bathrooms (1.1).
Section 2: The second section reaches until the last two derivations (2.1 & 2.2), the first one towards
the administration bathrooms and the last one to the showers of the locker rooms.

The installation will also be sized accordingly to the diameter and pressure drop of the pipes, as it is needed
to first decide which material should be placed and also to decide the recirculation pump to be installed. The
following Table 15 summarizes the calculations of the hot water installation, which can be found in appendix
4.
Table 15. Diameter of the pipes of each section and derivation.

Section Simult. Flow [L/s] Diameter [mm] Diameter installed [mm]
Sec. 1
Der. 1.1
Sec. 2
Der. 2.1
Der. 2.2

0,284
0,163
0,249
0,150
0,231

15,54
11,76
14,54
11,28
14,00

20,40
14,00
16,00
14,00
16,00

Table 16. Calculation of pressure losses in the piping.

Simult. Flow
[L/s]

Diameter installed
[mm]

Equivalent length
[m]

Total PD
[bar]

Der. 1.1 Sink 1

0,163

14,00

56,10

2,30

Der. 1.1 Sink 2
Der. 1.1 Sink 3
Der. 1.1 Sink 4
Der. 1.1 Sink 5

0,163
0,163
0,163
0,163

14,00
14,00
14,00
14,00

57,10
66,60
67,60
74,50

2,31
2,45
2,47
2,57

Der. 2.1 Sink 1
Der. 2.1 Sink 2
Der. 2.1 Sink 3
Der. 2.1 Sink 4

0,150
0,150
0,150
0,150

14,00
14,00
14,00
14,00

59,43
60,60
59,83
61,00

2,11
2,13
2,12
2,13

Der. 2.2 Shower 1
Der. 2.2 Shower 2
Der. 2.2 Shower 3
Der. 2.2 Shower 4

0,231
0,231
0,231
0,231

16,00
16,00
16,00
16,00

54,45
55,63
63,31
64,51

2,01
2,02
2,09
2,10

Equipment
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5.4.3.3

Types of hot water systems to be selected

The production of hot water can be done by different types of systems which objective is to heat the water
and distribute it through the building. However, they can be divided depending on different parameters.
-

By its capacity
By the hot water production

5.4.3.3.1

By its capacity

The design by capacity depends on the number of equipment which needs to be supplied with hot water
within the building. It can be divided into two main types.
-

Individual: When the system is designed to supply a very limited number of equipment.
Centralized: The system is designed to supply a larger number of equipment. Normally it is placed in
a separated room.

5.4.3.3.2

By the hot water production

This system is also divided into two main types and it is the parameter which is mainly taken into account
when deciding the system of hot water production which will be implemented.
-

-

Instantaneous production: It heats the water in the moment when is required. Therefore, the water
is heated while the consumption is being done. They normally involve a boiler as a main source of
heating, which produces the hot water and distributes it through the building.
Accumulation: The water is previously treated by a boiler, but then stored into an accumulation tank.
The aim of this system is to produce hot water at once and deliver it to the user in other moments
of the day, avoiding stopping and starting the production every time it needs to be consumed.

5.4.3.4

Description of the system implemented

The hot water system is constituted by several elements which respond to the whole functioning of the
installation. From heating the water to supplying it to the consumption points and also recirculate the water.
However, the hot water system has been selected according to the type of hot water production, which will
be instantaneous.
The water will be heated by a boiler and then distributed to the consumption points. Nevertheless, the
accumulation system presents many advantages over the instantaneous system and could be one of the
doubts about why to use an instantaneous system. The decision has been made as the production of hot
water will also be supported by thermal solar collectors, which will include an accumulation tank. Therefore,
the whole system of hot water production will be blended between the traditional way of producing hot
water and a thermal solar installation. However, the solar installation will be explained later on.
5.4.3.4.1

Boiler

The main heating source of the hot water installation will be a boiler which will heat the water coming from
the main connection. This will be pumped into the boiler when the consumption will be required, heating
the water over 50ºC to then distribute it to the service points. The boiler selected is from the supplier
VIESSMANN, reaching a total power of 50kW.
However, the boiler will also include a pump which will move the water towards the service points as well as
the group of valves to disconnect the supply of water when some maintenance tasks or any other issues may
occur.
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Figure 5. Boiler installed from the manufacturer VIESSMANN.

5.4.3.4.2

Pipes

The distribution from the boiler to each service point of the building is done by the different pipes designed
and calculated. As well as it has been implemented in the cold water installation, the piping for the
distribution of hot water is made of polyethylene tubes placed underground. However, the isolation plays a
bigger role in here, as the water distributed is heated previously and such energy tends to be transferred to
the cold environment, which would be the case when flowing towards the consumption points. That is why,
an isolation is included in the perimeter of the pipes in order to avoid any loss of temperature throughout
the distribution of the water. The isolation thickness to be placed over the pipes is regulated by the Technical
Building Code in the following table.
Table 17. Isolation thickness according to the pipe diameter and fluid temperature.

Ø pipe [mm]

Temperature of the fluid [ºC]
40 - 60

>60 - 100

>100

D ≤ 35
35 < D ≤ 60
60 < D ≤ 90
90 < D ≤ 140

25
30
30
30

25
30
30
40

30
40
40
50

D > 140

35

40

50

As all the diameters of the pipe installation do not exceed 35mm and the temperature of the fluid is higher
than 60ºC, the thickness required is 25mm.
5.4.3.4.3

Recirculation circuit

Besides the hot water circuit which connects the boiler with the consumption points, a recirculation circuit
is also designed in order to take advantage of the energy produced by the boiler. The recirculation circuit
aims at flowing back the hot water produced by the heating source and that is not going to be consumed by
the user. Normally, the starting moment of the consumption of hot water is known, and so the system pumps
the water towards the boiler, which heats the water to then distribute it to the user, which waits several
seconds until he gets the warm water. However, the moment when the consumption ceases cannot be
predicted by the system, and so when the user closes the sink or the shower the whole distribution stops.
However, the water which has been pumped from the boiler to the service point just after the service has
ended gets stuck in the pipes waiting for the next use, which may cause losses as the hot water will lose its
heat. In other words, it is a loss of energy which can be taken back with a simple recirculation system.
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When the service ends, the water that has been pumped comes back taking the recirculation pipes in order
to get back to the boiler or accumulation tank if any, waiting for the next service. With the support of the
solar installation, the water will flow back to the accumulation tank where the heat will not be lost, saving
energy.
5.4.3.4.4

Legionella treatment

One important point for the hot water distribution is the prevention of legionella reproduction during the
distribution. The real decree 865/2003 fixes that the hot water produced within a building should be
distributed at higher temperatures than 50ºC in its furthest consumption point and previously at any mix
with the cold water. Therefore, the installation has been designed to bear temperatures up to 70ºC in order
to avoid any possible reproduction of the legionella.
5.4.4

Thermal solar installation

The thermal solar installation aims at collecting the solar incident radiation from the sun by using thermal
collectors, which are able to transfer the solar energy to a fluid going through the collector in terms of heat.
Afterwards, the piping installation moves the heated fluid back to a heat exchanger, which transfers the heat
of the fluid to a secondary circuit normally constituted by a solar accumulator tank, which stores the water
which will be consumed.
The system acts as an auxiliary installation for the hot water production, as it is directly connected to the hot
water installation by supporting the way of producing hot water.
5.4.4.1

Initial conditions

The construction of a solar installation requires of a general conditions to be taken into account when
designing the whole system. The main parts present in the installation are:
-

-

The collecting system made of thermal collectors, which convert the solar incident radiation into
thermal energy to heat the working fluid of the installation, which is normally water.
An accumulation system constituted by one or several tanks which store the heated water until its
consumption is needed.
A hydraulic circuit or piping which carries the water to the thermal collectors and back to the
accumulation system. It also includes all the secondary elements such as pumps, valves or other
safety elements to assure the correct performance of the installation.
The heat exchanger which conducts the transfer of thermal energy from the collectors to the
domestic hot water which will be consumed by the users of the building.
The regulation and control devices which assure the proper efficiency of the system, as the system
should be used as an auxiliary equipment and work together with the main hot water installation.

Therefore, the thermal solar installation is constituted by the following equipment or elements.
-

Thermal collectors
Primary circuit
Secondary circuit
Heat exchanger
Accumulation tank
Circulatory pumps and other secondary equipment
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5.4.4.1.1

Thermal collectors

The thermal collectors are the devices which gather the solar incident radiation and transfer it to the fluid in
terms of thermal energy. However, such devices work under the water’s ebullition point of 100ºC. The types
of thermal collectors are divided into two.
-

Flat plate collectors: The thermal collector is build up into a rectangular box where the face looking
towards the sun is transparent by using a glass which lets the solar rays go through the collector.
Within the box there is a metallic panel with several pipes where the fluid flows. The flat collector
has a good performance regarding cost and efficiency, and it is a good device to be used in any kind
of applications, from residential to industrial.
The composition of the pipes in flat collectors can be grill or coil type as shown in the figure below.
The difference remains in the thermic swing produced to the fluid due to the higher amount of fluid
in the coil case.

Figure 6. Different types of solar collectors.

-

Evacuated tube collectors: This kind of collector is constituted by several tubes which are placed
within a box covered by a transparent glass. Between the external glass and the internal tubes the
vacuum has been made, avoiding losses in conduction and convection and reaching higher
temperatures than the flat plate collectors above 100ºC. However, in warm climates it may not be
necessary to reach high temperatures, losing in efficiency.

•

Connection

Another important parameter of the thermal collectors is the connection between them in case more than
one collector is placed in a building. The installation of thermal collectors should be thought in order to decide
how many groups should be made and how many collectors per row should be placed. Nevertheless, it is
recommended to use the same sort of distribution and models to guarantee a uniform performance and
transfer of energy. The connections can be divided into two groups, which are:
-

-

Series connection: The collectors are placed next to each other, connecting the output of the first
collector to the input of the next one and consecutively. By doing this, the temperature of the fluid
when entering one collector has been already heated by the previous one, being able to reach high
temperatures at the end of the row. However, the main issue of such connection is the loss of
performance as long as the installation is, as the performance of the collectors is not optimal for
extreme temperatures. That is why series connections are not recommended in high collecting
surfaces over 10m2.
Parallel connection: The collectors does not need to be placed next to each other, as the input and
output of the fluid is not connected to the other collectors. With this configuration, the fluid input
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and output temperature is the same in all the collectors, as they work independently from each
other. However, this connection does not reach high temperatures for the fluid, but is performs way
much better than in the series connection, as each collector works in its optimum point.
•

Location of the collectors

Last, but not least is the location of the thermal collectors. They are normally placed in the rooftop of the
building to take the maximum advantage from the incident rays of the sun. However, the final location is
done according to three variables.
-

-

-

Orientation and inclination: The placement of the collectors is normally done towards the south as it
is the way the collectors get the most solar energy according to several studies. The inclination
normally depends on the latitude of the building. The regulation states that the optimum inclination
may be fixed by taking the latitude of the site and taking off 10º.
Separation between rows: The separation is only done in case of installing more than one row, as
they could produce some shadow to one another, meaning some loss of performance. The regulation
also states the separation between rows depending on the inclination of the thermal collectors.
Heat transfer fluid: The last variable is the type of fluid used for within the collectors to gather the
solar incident energy. Any heat transfer fluid may be used, even though water with glycol is the fluid
normally placed, which decreases the congelation point of the water and it also increases its
ebullition point, improving the performance of the collector.

5.4.4.1.2

Primary and secondary circuit

The design of primary and secondary circuit of a solar installation should be thought to move the necessary
flow of fluid through the system by taking into account that temperatures of 150ºC may be reached. That is
why the regulation proposes the usage of copper or stainless steel as materials for the piping. However, also
the energy loss should be considered by placing the different isolation materials around the pipes.
The isolation should satisfy the regulation which determines the technical thicknesses and diameters to be
installed in the piping system to avoid any loss of energy and overheating other devices placed next to the
pipes.
5.4.4.1.3

Heat exchanger

The heat exchanger is the element in charge of transferring to the water the energy taken by the thermal
collectors. It is the connection point between the primary and secondary circuit, transferring the heat from
the primary circuit to the secondary, where the domestic hot water takes place. Basically, two types of heat
exchangers may be found in solar installations.
-

-

Embedded in the accumulation tank: This exchangers are placed within the accumulation tank, being
in contact with the domestic hot water and transferring the heat directly to the water stored within
the accumulation tank.
External exchangers: This can be divided into tubes or plate exchanger, transferring the heat through
a metallic panel filled with thinner metallic trays in between. This exchangers are placed next to the
accumulation tank and they link the pipes of the primary circuit with the pipes of the secondary
circuit, transferring the heat of the collectors (primary circuit) to the domestic hot water flowing
through the secondary circuit.

5.4.4.1.4

Accumulation tank

The next element is the accumulation tank, which stores the energy gathered by the thermal collectors until
the heated water needs to be consumed by the user. Therefore, these systems relate the moment when the
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energy is collected with the moment when the energy needs to be consumed. Otherwise it would not be
possible to link the production of hot water with the moment when the user needs the hot water. For
instance, if one of the employees needs to use the shower during the night shift, it would not be possible to
produce the hot water by a solar installation without an accumulation tank.
The accumulation tanks are normally made of stainless steel and covered with an isolation material to avoid
loss of energy throughout the time. The position of the tank is vertical to support the stratification of the
water, placing the cold water at the bottom and the hot water on top. Therefore, the connections with the
cold water and the output for hot water distribution are placed at the bottom and on top of the tank.
Regarding the size of the accumulation tank is set up by the regulation, which recommends to design the
tank accordingly to the daily demand of the building.
5.4.4.1.5

Circulatory pumps and other secondary equipment

The pumps are the element of the installation which move the water through the primary and secondary
circuit, pumping the water to the thermal collectors and back to the heat exchanger regarding the primary
circuit and from the accumulation tank to the heat exchanger regarding the secondary circuit.
These elements are constituted by two main parts:
-

Hydraulic body: Where the impeller is placed.
Electrical engine: Which moves the impeller, thus the water.

However, the material of the pump can change depending on which circuit it is placed, as the requirements
of the pump are different.
-

-

For closed circuits (primary): Made of molten iron as it is more economic than other materials. The
working fluid is the same, water with some sort of anti-freezing additives to avoid congelation of the
water. Moreover, this fluid is not consumed by the users as it just flows through the collectors and
the heat exchanger, not requiring of any special treatment.
For open circuits (secondary): Bronze and stainless steel are mainly the materials used. However, in
this case the liquid flowing through is domestic water, therefore the material also responds to anticorrosion and decalcification properties to avoid any negative effects to the water.

Besides the circulatory pumps, secondary equipment is also required in a solar installation such as expansion
vessels, regulation valves or other safety equipment mentioned below.
-

-

-

-

Expansion vessel: This element controls the variations of the volume and pressure produced in a
closed circuit when a fluid is heated and cooled down repeatedly. It is recommended to place the
expansion vessel before the pumps in order to avoid any difference of pressure while pumping the
fluid. Within the solar installation, expansion vessels should be placed in both primary and secondary
circuit.
Safety valves: The safety valves are an element which acts by the effect of pressure or temperature.
It aims at discharging steam to the environment in case the working pressure is higher or lower than
the one fixed, assuring the proper pressure in all the installation. Therefore, safety valves should be
placed in both primary and secondary circuit to protect both installations.
Protection against overheating: The thermal solar energy systems should include a protection system
against overheating which may occur when a high production and a low demand overlap in time, as
it can happen in summer. For such cases, the devices used are air heaters which aim at cooling down
the fluid if this reaches temperatures higher than the one required in the installation.
Protection against icy conditions: As previously introduced, the solar installation must include a
system to protect it from ice or freezing conditions. The most effective way is to add glycol to the
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-

water flowing through the collectors in order to avoid congelation, as this substance decreases the
congelation point of the water.
Control and regulation systems: All solar installation needs to be supplied by a control and regulation
system which calculates all the different parameters of the installation at any time in order to activate
or deactivate pumps, valves and the other equipment just introduced as well as assure the correct
functioning of the installation.

5.4.4.2

Calculation of the solar installation

5.4.4.2.1

Demand of hot water

Opposite to the calculations carried out throughout the hot and cold water installation, the solar installation
is sized by the total consumption of water produced in the factory. Therefore, the total demand is calculated
by taking into account the amount of water used by the people within the building.
The Technical Building Code states that the average use of water by a person in industrial processes in of 20
L/day, while a person carrying administrative services consumes a total amount of 4L/day. Therefore, the
demand of water in the factory is summarized in Table 18.
Table 18. Daily consumption.

5.4.4.2.2

Zone

Demand [L/(day·user)]

Users

Consumption [L/day]

Production

20

29

580

Offices

4

19

76

TOTAL

656

Minimum solar contribution

The daily consumption pretends to give a first approach to the amount of energy to be produced in a day in
terms of hot water. However, the solar installation does not have to satisfy the whole demand of hot water
as it works as an auxiliary system next to the hot water installation.
Nevertheless, the contribution of the solar installation to the annual demand should include some minimums
which are fixed by the different regulations. Throughout the project, two different regulations cover the topic
of the minimum solar contribution which needs to be satisfied depending on the location of the building. The
most restrictive case has been selected, as the installation must fulfil both regulations.
-

Technical Building Code HE 4: 30%
Decree of ecoefficiency: 50%

Therefore, the minimum solar contribution to be covered by the installation should reach, at least, 50% of
the annual demand.
5.4.4.2.3

Energy produced by the installation

The energy which should be transferred to the building should be at least 50% of the annual demand of
water, which has been introduced previously in table 20. However, the solar installation designed produces
a total amount of energy as shown in the following table.
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Table 19. Energy produced by the solar installation.

Month

Q
[kW·h/month]

Ep with loss of 10%
[kWh/day]

Nc

January
February
March
April
May
June
July
August
September
October
November
December

738,67
800,41
784,40
768,40
736,38
688,36
656,34
687,59
721,13
686,07
768,40
724,18

2,67
3,49
3,89
5,02
5,83
5,68
5,76
5,36
4,49
3,64
2,49
2,55

5
5
5
5
5
5
5
5
5
5
5
5

Energy produced by the installation
[kWh/month]

Sf

253,77
366,28
408,64
526,61
612,12
596,89
604,65
589,38
493,62
363,68
261,21
242,58
TOTAL

34,4%
45,8%
52,1%
68,5%
83,1%
86,7%
92,1%
85,7%
68,5%
53,0%
34,0%
33,5%
61,4%

Then, the solar installation covers up to 61,4% of the annual demand in average, satisfying the contribution
requirements set up by the regulation.
5.4.4.3
5.4.4.3.1

Description of the system implemented
Collectors installed

The total number of collectors installed in the roof will be 5 according to the calculations made, which can
be found in the appendix 4. The collectors selected are from the supplier ADISA, model ADISOL 2.3. The main
features are presented below.
Table 20. Thermal collector data.

Data of the thermal collectors
Collector model

Value
ADISOL 2.3

2

Area of the collector (m )
Dimensions (mm)
Flow of design (L/h·m2)
Performance curve
Amount of heat transfer fluid (L)

2,1
2,163 x 1,090 x 83
50
0,741-3,79
1,3

The collectors will be placed in the roof looking south and inclined 30º. They will be placed next to each other
in one row. However, as they are placed in a single row there will not be any need of separating them, as
they will not produce any shadows to one another.
The connection used will be parallel, connecting the water input by the lower part of the collector and the
output in the highest part as shown in the next figure.
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Figure 7. Parallel connection of the thermal collectors.

5.4.4.3.2

Primary circuit

The primary circuit has been sized using the same methodology as the piping for the climatization system.
The material used is copper and the diameters installed have been selected according to the flow of water
that is moved through the circuit. As the total flow of the primary installation is 500L/h, the piping has been
designed as the following table shows.
Table 21. Pipe distribution of the primary circuit.

Pipe
Sector

Equivalent Length
[m]

Flow
[l/h]

Selected Ø
[mm]

Real Velocity
[m/s]

Aggregate PD
[m.w.g]

A-B
B-1
B-C
C-2
C-D
D-3
D-E
E-4
E-F

30
11
32,5
11
36
11
38,5
11
41,5

500
100
400
100
300
100
200
100
100

12
6
10
6
10
6
8
6
6

1,23
0,98
1,41
0,98
1,06
0,98
1,11
0,98
0,98

2,34
2,46
9,38
9,5
13,21
13,33
18,25
18,37
25,69

•

Pump

According to the flow and pressure drop involved into the primary circuit, the circulatory pump is selected in
order to satisfy such requirements. The model selected has been the pump CME1-2 from the supplier
GRUNDFOS.
-

Flow: 500 L/h
Pressure drop (10% factor): 30,82 m.w.g.

•

Expansion vessel

The expansion vessel is placed before the entrance to the pump and in the cold part of the primary circuit to
extend the life of the element. If the vessel is placed in the hot side of the circuit, the high temperatures of
the installation may damage easily the element, being susceptible to failures.
The expansion vessel is selected from the supplier VAREM with a total volume of 60L, which has been
calculated accordingly to the volume of water present in all elements of the primary circuit.
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5.4.4.3.3

Heat exchanger

The heat exchanger is the element of the installation in charge of transferring the energy gathered by the
collectors to the domestic water which will be consumed later. Both primary and secondary circuit meet in
the heat exchanger, where the transfer takes place. Therefore, the water heated by the sun through the
collectors (primary circuit) transfers its energy to the water from the accumulation tank, which will be
distributed afterwards to each service point of the building. In this way, the water in the accumulation tank
is stored at high temperature after the heat transfer until the moment it needs to be consumed.
The heat exchanger installed is an external plate exchanger from FAGOR with a capacity of 10kW. It will be
placed in the boilers room next to the accumulation tank.
5.4.4.3.4

Secondary circuit

The secondary circuit is the part of the solar installation which is placed between the heat transfer carried
out by the heat exchanger and the accumulation tank. Therefore, it distributes the domestic water back and
forth from the accumulation tank to the heat exchanger, heating the domestic hot water which is going to
be consumed by the users of the building. While the goal of the primary circuit is to gather the solar energy
and transfer it to the heat exchanger, the secondary circuit aims at getting such energy through the heat
exchanger and store it within an accumulation tank, which will keep the water warm until it needs to be
supplied to the service points of the building.
However, the fluid used in this circuit is different from the primary, as it carries the water that will be
consumed by the users of the factory, thus it needs to satisfy the quality standards by not presenting any
additives or particles that may damage the human health. The pipes will be made of copper and covered by
an isolation material in its perimeter, avoiding loss of heat through the walls of the pipe. The dimensions of
the piping have been calculated according to the flow of water to be moved from the accumulation tank to
the heat exchanger, which is explained in the appendix 4.
•

Pump

The pump of the secondary circuit will move the water from lower part of the accumulation tank (cold side)
to the heat exchanger and back to the accumulation tank by its higher input (hot side), in order to store the
hot water produced in the thermal collectors and transferred through the heat exchanger. The flow of water
to be moved is 500 L/h and the maximum pressure drop has been estimated as a 10% of the loss in the
primary circuit, being 3,08 m.w.g., installing the same pump that the one used in the primary circuit, although
it will work in a different operational range.
•

Expansion vessel

The expansion vessel will be also placed before the pump and in the cold side of the circuit, for the same
reason as explained in the primary circuit. However, in this circuit the total volume of water is higher due to
the presence of the accumulation tank, which increased the volume of the expansion vessel installed. The
vessel has been selected from the supplier VAREM with a total volume of 150L.
5.4.4.3.5

Accumulation tank

The task of storing the energy gathered by the thermal collectors is done by the accumulation tank, which
allows the installation to produce the hot water and distribute it in different moments of the day. However,
the size of the tank should be calculated accordingly to the daily demand of the factory, as it could be the
case that all the hot water consumed is required during the night shift, although the production of hot water
would be doing during the day. The accumulation tank makes possible the link between demand and
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production, storing the collected energy during the day and distributing it throughout the night, in the worstcase scenario.
That is why the sizing of the tank should at least be the daily demand of the plant, although it has been
oversized a 20% to supply hot water in moments when hot water could be required or for further expansions
of the building or use of new machinery. The total volume of the tank is 800L, selected from the manufacturer
VIADRUS.
5.4.4.3.6

Other elements

Besides the main elements of the installation, auxiliary equipment should be installed such as safety and
control devices which should assure the correct performance of the installation. Some of the are listed below.
•

Valves

Disconnecting valves should be placed in each entrance of the collectors as well as before the pump, the heat
exchanger and the accumulation tank to be able to disconnect the circuit in case of failure or maintenance
of any element of the installation.
•

Air heater

In the returning pipe from the collectors to the heat exchanger, a three-way valve will be installed to divert
the water towards an air heater if there is an overheating of the installation. It could be the case in summer
months that high temperatures could warm of the fluid that is going through the primary circuit, but in a
moment when the installation is stopped. The presence of hot fluid in the pipes may cause damage to the
installation due to overheating of different elements. Therefore, an air heater is placed after the thermal
collectors in order to dissipate the heat from the water by transferring it to the air heater, which will release
the heat to the environment, cooling down the installation.
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6

Validation

The ending of a technical project involves several questions regarding the process it has gone through and
how such calculations and the whole design can be validated for the user to accept it and go on with all the
data included and developed. The presentation of the data must be supported by the fact that all the
information can be trusted and found reasonable enough from the perspective of the buyer.
The project could be broken down in different parts which aim at presenting more robust arguments when
supporting the project design and the decisions made in terms of calculations and material selected. The first
one stays with the gathering of data. The development of a technical project like the one hereby presented
starts with the definition of the different conditions which will drive to a first approach of the design. The
type of data gathered in technical projects may be constituted by two main parts, the predefined data and
the mandatory data. The first one responds to all those specific demands from the client, which are satisfied
to increase the comfort of the end user according to the specifications of the client. However, such data may
not be considered in its totality throughout the design process as it may affect the optimal conditions of the
building. However, the second type of data intends to support the first part by keeping or even improving
the specifications of the client. The mandatory data is the specifications that the building must fulfil by
regulation. It involves most of the decisions of the design as such specifications may not be missed whether
the project wants to be carried out in the future. That is why the mandatory data sets most part of the
validation of the project, as the different documentation found in the different regulations that apply to the
case establish the proper design and calculations of the building, setting up all the details of the process and
just bringing in the designer in specific decisions regarding materials and subjective point of view over the
building’s purpose.
Furthermore, the next part considered when validating a technical project is the knowledge of experts in the
matter. Articles, academical notes or similar projects may be a source of knowledge to extrapolate to the
project in development. Applying concepts from knowledge sources such as academical articles or expertise
from managers may give a more precise approach to the methods and design chosen for the project
execution. Also, other technical projects may be a good reference to realise about concepts that might be
missed and to check the design process or calculations that have been carried out. However, it is crucial to
keep the distance and understand the differences between the cases, not misleading to concepts or design
processes that do not fit to the project at all.
As the third part of the validation it is included the precision of the calculations. It is highly possible that when
applying several concepts to the design of the building, the length of the calculations to carry out provoke
mistakes or drag issues that at first sight may not be seen or considered. Therefore, the inclusion of safety
factors in either long calculations or specific processes is a way to avoid further issues. Oversizing the
installation is not a problem in resources but in cost, however, it may be easily redirected afterwards by
correcting the issues and removing such overcost from the budget. The value and use of safety factors
depends on the designer, even though it should show coherence and consistency when they are applied.
Last but not least is the selection of standardized elements from recognised suppliers. Using official
catalogues from reliable suppliers will involve the selection of standardized equipment and elements which
meet the requirements established in the regulations, also avoiding any issues during the execution.
To conclude, validation is an important stage for the client to rely on the project. To such degree, the
manipulation of regulated data, gathering documentation from valuable sources of knowledge, including
safety coefficients throughout the design process and selecting standardized equipment from certain
suppliers are key factors that increase the reliability of the project and also improve the quality of the process
and the design.
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7

Discussion – Further steps

The completion of the design leads us to go over the whole installations system and answer to further
questions regarding the operation of the building. It can be stated that the entire system interacts between
the different parts of it. The connections among the several installations is an important step to provide a
reliable and efficient installation to the users. However, the search for sustainability could be further
developed by providing autonomous systems which may take advantage of natural resources. If it is yet true
that the installation of a thermal solar installation could respond to such requirement, it is also accurate to
review the system and research cleaner ways of supplying the different energy to the building. Upcoming
methods are yet to come, as for instance the implementation of green roofs or geothermal piping.
However, the systems mentioned as well as another ones still need to be fully developed, so they can achieve
full potential and keep up as the only source of energy to supply the building. Nowadays, however, some of
the systems cannot supply the whole energy system for a factory or huge complexes as the one introduced
in this project. It could be considered as a complement of the main installation systems, what would increase
the investment rather than the performance.
Besides the possible discussion of sustainability, another topic to be considered is the maintenance of the
installation. Not to forget that most of the investment of the installation system relies on machinery and
equipment designed to reach a highly operational range, which might end up with issues or maintenance
tasks. The design of a wide plan of maintenance is as crucial as the design of the different installations of the
building. The early failure of machinery or other equipment may result in high expenses by replacing or fixing
the pieces and making more expensive the initial investment of the project. Therefore, the planning of a
maintenance programme might be a clever idea in order to enlarge the useful life of the installations.
Nevertheless, the project has sought the accomplishment of such topics, also by respecting and applying the
regulation’s propositions regarding components, materials and accessories, which intend to design reliable
systems that carry on with the daily tasks of the factory.
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References

For the realization of the project “Design and calculation of industrial installations at Sandvik S.A.” it has been
necessary to gather and examine information from different documents which are presented in this section.
8.1

Regulations
•
•
•
•

Electrical regulation for Low Voltage Installations (R.E.B.T.) and complementary technical
instructions.
Regulation about Electrical Stations and Substations of Medium and Low Voltage.
UNE 12464.1 of European Regulation for Indoor Illumination.
Technical Building Code (CTE)
From the document, it has been collected the following.
-

•

Basic instruction HE, “Energy savings”.
Basic instruction HS, “Healthiness”.
Basic instruction HR, “Noise protection”.

Regulation in Thermal Installations in Buildings (R.I.T.E.)
From the document, it has been collected the following.
-

•
•
•
8.2

IT 1.1.4.1. Thermal quality requirements in the environment.
IT 1.1.4.3. Hygienic requirements.
IT 1.1.4.4. Acoustic quality requirements.
IT 1.2.4.1. Cooling and heating production.
IT 1.2.4.2. Piping and air ducts distribution.

Decree 21/2006 of ecoefficiency of 14th of February, Environmental criteria and ecoefficiency in
buildings.
Real Decree 865/2003 of 4th of July, Hygienic criteria for prevention and control of legionella.
UNE 100030-IN, Prevention of legionella in water installations.
Books and academical sources

•
•
•
•
•
•
•
•
•

Lighting technology encyclopaedia, D. José Ramírez Vázquez.
Electrical installations for buildings and electrical substations. Alberto Guerrero Fernández. McGrawHill.
Ground installations in buildings and electrical installations. Juan José Martínez Requera and José
Carlos Toledano Gasca. Paraninfo 1997.
Air conditioning handbook. Carrier 2009.
Calculations for air ducts. A. Fontanals. CEAC. 1997.
Water circulation in piping. A. Castellví. 2001.
Heating installations. Martí i Casals. UOC. 2003.
Notes and presentations of the course “Industrial Installations”, carried out at the Polytechnic
University of Catalonia.
Notes from the course “Industrial Projects”, carried out at the Polytechnic University of Catalonia.
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8.3

Catalogues
•
•
•
•
•
•
•
•
•
•
•
•
•
•

CARRIER (Chiller and fan coils)
PROMASOL (Storage tank)
TROX (Diffusors and air handling units)
GRUNDFOS (Circulatory pumps)
PHILIPS (Luminaires)
DAIKIN (Rooftop unit)
SODECA (Extraction boxes)
VAREM (Expansion vessels)
SCHNEIDER ELECTRIC (Electrical substation and electrical equipment)
ADISOL (Thermal collectors)
MASA (Polyethylene piping)
WIELAND (Copper piping)
VIADRUS (Accumulation tank)
VIESSMANN (Boiler)
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