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Abstract 
Today’s politics in Europe strongly encourages sustainable development within companies. Hence, it is 
important to raise awareness in rational use of the utilities, such as electrical energy or space heating within 
the buildings. Different opportunities on how to decrease the energy use within Saab AB facility are analysed 
in this research. Several energy efficiency measures are suggested in this thesis, together with an economical 
evaluation for some of the proposals. Humidity control can be quite difficult and expensive for factories or 
large areas. In smaller rooms or areas, it is possible to use portable humidifiers in order to raise the humidity 
levels in the room. To reduce the energy consumption for such systems it is important to consider if they 
are necessary and investigate if they work properly. This thesis focuses on the relation between ESD and 
relative humidity as well as how to prevent ESD from occurring. Also investigated in this research paper is 
the relationship between ESD and relative humidity levels since at Saab they are using humidifiers as a 
prevention technique for ESD. Electronic devices, circuit boards, components and data are highly sensitive 
to electronic discharge, therefore correct humidity levels are essential in order to reduce the damage caused 
by ESD. By controlling the humidity levels there is also the potential to reduce energy consumption in the 
building. This thesis also investigates other energy saving measures in order to reduce the overall energy 
consumption of the facility. An important finding in this thesis was the waste heat dissipated from the air 
compressors, in the basement, and how that heat can be recovered and repurposed. 
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Sammanfattning  
I dagens läge stöder EU hållbar utveckling inom byggnader och bolag. Det är därför viktigt att väcka intresse 
inom detta område och hur det är möjligt att spara energi genom att på ett förnuftigt sätt använda 
maskinerna för värme eller elkonsumtion. I detta arbete har ett flertal olika möjligheter för att spara på 
energi användningen analyserats och diverse ekonomiska uträckningar har även gjorts. Detta arbete gjordes 
även för att framlysa hur statisk elektricitet uppkommer och varför det är viktigt att tänka på inom 
produktionen av elektroniska komponenter. Därför var elektrostatisk elektricitet ett annat intresse område 
i detta examens arbete och hur den är relaterad till relativ fuktighet. Eftersom elektroniska komponenter 
idag har blivit allt mer känsliga mot elektrostatisk urladdning har det blivit allt mer vanligt att använda fukt 
som åtgärd emot statisk elektricitet. Genom att noggrant kontrollera befuktningen kan man minska på 
vattenkonsumtionen och därmed också energiåtgången. Detta examensarbete undersöker även andra 
metoder för att kunna minska energikonsumtionen för Saab i Järfälla. En av slutsatserna var bland annat att 
det finns stor potential att ta till vara på spillvärmen från kompressorerna i byggnaden och använda den till 
något annat.  
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Nomenclature  
CO2 [l/s] production rate 

𝑐𝑐𝑐𝑐𝑐𝑐∅ [-] power factor 

ℎ2  [kJ/kg] enthalpy before heating/cooling 

ℎ1  [kJ/kg] enthalpy after heating/cooling 

𝐼𝐼 [A] current 

M [W] metabolic rate  

𝑃𝑃  [W] power consumption 

𝑞𝑞𝑎𝑎𝑎𝑎𝑎𝑎  [m3/s] mass flow rate of air 

𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎  [1.2 kg/m3] density of air 

�̇�𝑉 [m3/s] ventilation flowrate 

𝑉𝑉 [V] voltage 

Abbreviations 
AC Alternating current 

AHU Air handling unit 

BBR Boverket 

CAV Constant Air Volume 

CDM Charged Device Model 

CO2 Carbon dioxide 
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EES Engineering Equation Solver 

EPA ESD Protected area 

ESD Electrostatic discharge 

EU European Union 

FCU Fan Coil Unit 

GHG Greenhouse gas emissions 

HBM Human Body Model 

HVAC Heating, ventilation and air conditioning 

PBP Payback Period 

PPM Parts per million 

RH Relative Humidity 

SAAB Svenska Aeroplan Aktiebolaget 

US United States 

VAV Variable Air Volume 
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1 Introduction  
The building sector contributes for approximately 30-40% of the total energy consumption and around 30 
% of the global carbon dioxide (CO2) emissions. It offers a large potential to improve energy efficiency and 
thus significantly reduce greenhouse gas emissions (GHG) globally. The technologies to improve the energy 
efficiency are already commercially available and has the potential to reduce energy consumption by 30 to 
even 80 %. (Arias, 2018)   

The Swedish Energy Agency is responsible for the official energy statistics in Sweden and releases every 
year an overview of the energy situation in the country. The amount of energy produced in Sweden has 
been about the same since mid-1980s between 550 to 600 TWh. In 2017 the total amount of supply energy 
was 565 TWh. The amount of consumed energy was 378 TWh. Sweden´s energy use can be divided into 
three user sectors, which are the industrial sector, the residential and service sector and the transport sector. 
Figure 1 shows and overview of the amount of energy these sectors consumed in 2017. The European have 
agreed on new targets for year 2020 and 2030. These new targets aim to help the union to achieve a more 
sustainable energy system and to meet their long-term target to reduce the greenhouse gas emissions even 
more by 2050. Targets for 2030 include a 32.5% reduction in energy use through increased energy efficiency. 
At least 32% should be provided from renewable energy sources as well as 14 % of the energy consumption 
by the transport sector provided from renewable sources.  

 
Figure 1 Sweden’s final energy use divided into three user sectors [Energy in Sweden 2019] 

Swedish energy policies comes from the energy policies of the EU, however Sweden have set targets of their 
own. The Swedish energy goals are listed below:  

• The energy use shall be 20% more efficient compared to 2008 in 2020.  
• The share of renewable energy shall be 50% of the total energy use by 2020 
• The share of renewable energy in the transport sector shall be 10% by 2020.  
• A 50% more efficient energy use by 2030 compared to year 2005.  
• By year 2040, the electricity production shall be 100% from renewable energy sources.  

In order to achieve some of these goals, it is important to understand the energy performance of a building 
in order to implement improvements and potential energy savings. It is known that heating, ventilation and 
air conditioning systems are the most energy consuming services in a building, accounting for approximately 
50% of the total energy consumption (Perez-Lombard, o.a., 2011).  

Energy audits assist companies and facilities to better understand how they use energy and helps them to 
identify areas where waste energy might occur and where there are opportunities for improvement.  
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In 2015 the energy use of the industrial sector was 140 TWh and approximately 38% of the total final energy 
use. The largest share of energy use goes to manufacturing processes. Despite an increase in production, 
the energy consumption has remained relatively the same since the 70s. However, the past few years the use 
of energy has started to decrease and this is mainly due to more energy efficient solutions within 
manufacturing processes.  

Biomass and electricity are the energy carriers within Swedish industries that are mainly used. In 2015, 40 
% of the final energy use came from biomass and 35 % from electricity. Coal and coke was responsible for 
10 % and petroleum products accounted for 6 %. Figure 2 shows the final energy use for the industrial 
sector between 1970 and 2015 by energy carrier. (Swedish Energy Agency, 2018) 

 
Figure 2 Final energy use in industry, by energy carrier, from 1970, TWh (Swedish Energy Agency, 2018) 

By doing an energy audit of a building, an energy breakdown can easily be done and illustrated in a pie chart. 
Figure 3 illustrates the final energy use in the industrial sector in Sweden, by industry and energy carrier. 
There are three sectors that account for a large share of the energy use. Pulp and paper, steel and metal, and 
the chemical industry together account for approximately 76 % of the energy use in the industrial sector in 
2015. The mechanical engineering industry accounts for 6 % and other industries were responsible for 18 
%. (Swedish Energy Agency, 2018) 
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Figure 3 Final energy use in the industrial sector, by industry and energy carrier (Swedish Energy Agency, 2018) 

A breakdown of the energy usage gives a good overview of where the energy consumption takes place in 
the building. Energy efficiency improvements for space heating have occurred in most European countries. 
Mostly due to better insulation of buildings, renovation of older buildings as well as improvements in the 
heating equipment. In warmer countries, there is less space heating consumption since less energy is needed 
on average to keep the indoor temperature at a comfortable level. 

This master’s thesis was requested by SAAB AB and is going to be an energy audit on potential 
improvements of the energy efficiency of their facility located in Järfälla, Sweden. It is a cooperation with 
property management and manufacturing department. This research investigates different opportunities to 
decrease the energy consumption in the facility and provide energy efficient solutions as well as an economic 
evaluation of every proposal. The usage of electrical appliances, computers, monitors and other equipment 
can influence the energy systems in the building, such as ventilation, cooling and heating systems. Additional 
energy is required to balance the indoor climate conditions in addition to the electricity consumed to power 
the previous mentioned ones. This thesis investigates to what extent the electrical devices are used, how 
much energy they consume and as well as what measure can be implemented in order to reduce the 
consumption and make the production more efficient. This research will also go through the basic principle 
of electrostatic discharges (ESD) and how it affects the energy performance of the building.  

2 Background 
Saab AB have shown interest for improving their energy consumption, especially in the manufacturing area 
of the facility. Students from KTH have written thesis’s for them the past few years and they are mentioned 
in chapter 2.4. This thesis should be able to provide a satisfactory groundwork for Saab AB if they wish to 
improve their energy consumption in the facility by implementing the suggested measures after that the 
thesis is finished. If they choose to implement the suggested measures, this thesis should be able to serve as 
a guide. This chapter presents background information of the company as well as an overview of the facility. 
Also the energy use is presented as well as previous studies made for Saab Ab.   

2.1 Company presentation 
In 1937 Svenska Aeroplan Aktiebolaget was founded with the intention of becoming a military aircraft 
supplier and hoping to maintain national security and sovereignty. The company later became known as 
Saab AB. Today Saab serves the global market with world leading products, services and solutions from 
military defence to civil security. Saab has operations and employees on all continents and constantly 
develops and improves new technologies. Saab has approximately 17 000 employees and are present in 
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about 35 countries. Saab has customers in more than 100 countries. Their mission is to make people safe 
by pushing boundaries, such as intellectual and technological. Their vision is that it is every human’s right 
to feel safe.  

Saab develops high tech and cost efficient systems to increase the security for societies and individuals. The 
company is operating in six different segments for control and reporting purposes: aeronautics, dynamics, 
surveillance, industrial products and services, the business unit Saab Kockums as well as support and 
services. (Saab, 2018) 

Aeronautics is the manufacturer of innovative aviation systems and involved in the development of military 
aviation technology. Dynamics offers a product portfolio of weapons, missile systems, torpedoes, 
unmanned underwater vehicles as well as training systems. Surveillance provides solutions for safety and 
security. Industrial products and services are mainly focused on civilian customers includes avionics, aero 
structures, traffic management as well as the consulting business Combitech. Kockums focuses on naval 
environments and technologies. (Saab AB, 2018) Their sales are primarily generated from long term 
contracts, services and sales of goods.  

The production department in Järfälla consists of 240 employees and is mainly focused on electronic 
warfare, Combat systems and C4I solution products. Avionics products as well as Magnetron products are 
produced at this facility. These are highly advanced products and are produced in very controlled 
environments. Therefore, it is highly important that the production works flawlessly. 

2.2 Overview of Saab AB Campus, Järfälla 
The facility in Järfälla consists of several larger buildings, as can be seen in Figure 4. The production in 
Järfälla takes place in building B01. There is around 50 people working with manufacturing in B01 and the 
total area of B01 is 1440 m2. The building is occupied between 08:00 and 20:00 Monday to Friday. There is 
rarely any occupancy during the weekends.    

 
Figure 4 an overview of the facility in Järfälla. 

2.3 Current energy demand at Saab AB, Järfälla.  
The average electricity consumption for the whole facility, including all the buildings at the campus, has 
been around 14107 MWh per year. This is calculated from data stored from the previous three years and 
can be seen from Table 1.  
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Table 1 Electricity consumption 2016-2018 

Year kWh/year MWh/year 

2016 13828056 13828,056 

2017 13933939 13933,839 

2018 14559195 14559,195 

Average 14107030 14107,03 

 

Figure 5 illustrates the monthly electricity usage from previous three years. The electricity demand has been 
quite constant last three years. There has been small improvements over the last year. The share of electricity 
going into the production is only 6.9 % of the total electricity consumption.  

 

Figure 5 Monthly electricity consumption 

The total heating demand in the whole facility is 7758 MWh per year, calculated as an average value from 
the invoices from previous three years as can be seen in Table 2.  

Table 2 Heating consumption 2016-2018 

Year Energy [kWh] Normalårskorrigerade värden [kWh] 

2016 8566060 9280901,777 

2017 7239070 7849149,616 

2018 7468930 81945528,296 

Average [kWh] 7758020 8441526,563 

Average [MWh] 7758,02 8441,526563 
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Figure 6 illustrates the monthly heating demand previous three years. As can be seen from the figure, there 
is less heating demand during summer months and more during winters.  

 

Figure 6 Monthly heating demand 

The power consumed in B01 was calculated by measuring the electrical current from three switchgears 
providing electricity to this area of the facility and multiplying it with the responding voltage.  The electrical 
current from one switchgear was approximately 100 ampere per switchgear. The power provided to B01 
was calculated to approximately 69 kW in total. Meaning that the yearly electricity provided to B01 is 
approximately 604 MWh. The peak electrical current was at 160 amperes at the most which can be calculated 
to 110 kW. When consuming 160 amperes, the total electricity consumption from the three switchgears 
would be 967 MWh/yr. This means that the electricity going into the production at Järfälla is somewhere 
between 604 MWh/yr. and 967 MWh/yr.  

2.4 Air to Air Heat recovery 
Ventilation systems in buildings are essential for providing fresh air to different areas. The outdoor air 
coming in is equal to the amount of air going out in order to keep the system in balance. The exhaust air is 
normally colder and has a lower enthalpy than the fresh outdoor air. This is why; energy recovery systems 
such as energy recovery wheels and those using heat pipe systems can be used to precool the fresh air using 
exhaust air. The same can be done in heating systems to preheat the air using the warm exhaust air. The 
amount of energy recovered depends on the efficiency of the recovery system.  

Today’s politics in Europe strongly promotes sustainable development in companies. This is why, it is 
important to raise awareness in rational use of utilities, such as electrical current or space heating. The result 
from increasing awareness of energy efficiency within buildings or production should be planning activities 
by analyzing profitability of investment in recovery systems of waste heat from technological processes of 
production plants or secondary processes such as the production of compressed air. Saab Ab, who produces 
compressed air for the manufacturing floor, should carefully look at the entire compressed air system as it 
has been proven to have a great potential for energy recovery.  

Saab Ab utilizes a plate heat exchanger in AHU TAFA218. Plate heat exchangers are devices consisting of 
several separated layers through which the exhaust and supply air flow. Heat recovery is associated with the 
space between the layers, the flow configuration, as well as the surface area and the type of material. Fans 
are installed in both the exhaust as well as the supply air duct in order to minimize the pressure difference 
and to reduce the cross contamination risk. Plate heat exchangers are very popular in the Nordic climates. 
Table 3 shows advantages and disadvantages with plate heat exchangers.  
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Table 3 Advantages and disadvantages with plate heat exchangers 

Advantages Disadvantages 

Reliable and simple Might overheat during summers, unless a bypass is 
installed 

Minimal maintenance need Resistance in airflow resulting in increased fan 
power consumption 

Small possibility in cross contamination Leakages if poorly installed 

 Noise possibility if poorly installed 

 

2.5 Previous studies 
In autumn 2011 Erik Malm investigated why the electricity consumption during night was at its current level 
and therefore he made an outline for a systematic electricity survey inspired by the energy audits made by 
ASHRAE. He investigated different energy systems such as chillers, computers, pumps and lighting. Each 
system identified was presented both numerically and in charts. He found that the cooling related systems 
constituted over 40 % of the power consumption during nights as well as computer activity of 29%. It is 
clear that the heat rejected from the computers were related to the cooling due to the need of heat rejection. 
(Malm, 2012) 

Nevin Gursoy performed a study in 2017 on energy efficiency in system development environments and 
related equipment where he analysed the energy usage within system development environments and 
investigated potential energy efficient measures that could be implemented. He found that computer labs 
and related equipment as well as associated components with the cooling system used up to 64% of the 
total energy demand in one of the buildings in the facility. Based on these results he suggested several 
measures that would have decreased the energy usage significantly and have generated economic savings. 
(Gursoy, 2017) 

3 Research Objective 
Since the EU has demanded on reductions in the energy use in the built environment and in order to achieve 
their goals, there is a need for improvements in the already existing building stock. By distinguishing the 
current energy demand in the building sector in Sweden, it can be concluded that the major energy 
consumers is the space heating and the residential appliances. Therefore, it is reasonable to assume that 
there is a need for improvements in those sectors and worth investigating. The objective of this thesis is to 
evaluate the current energy consumption in the manufacturing area of building B01 and to suggest measures 
in order to reduce the energy consumption of the facility. Also another objective is to investigate the relation 
between ESD and humidity.  Additionally, the measures is to be reviewed from an economical perspective. 
The final thesis should present to how much energy consumed in the production department and potential 
improvements, the possible relation between relative humidity and electrostatic discharges, and possible 
measures to prevent ESD from occurring.  

4 Research Question  
The usage of equipment at the production in Järfälla have various impacts on the energy consumption which 
in turn might influence the cooling demand and thermal climate in the building. When better understanding 
the systems and by knowing exactly where most of the energy consumption takes place, improvements can 
be suggested. A few research questions are listed below.  
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Research questions:  

What consumes most electricity in the facility?  

Are humidifiers large energy consumer in industrial applications? 

What measures can be implemented in order to reduce the electricity consumption?  

How much electricity can be reduced with the suggested measures? 

How can the overall energy consumption be reduced in the facility?  

5 Methodology 
This chapter describes to process used throughout this thesis as well as the limitations and scope.  

5.1 Process 
As mentioned in the introduction, it is important to understand where and when energy is being consumed 
in order to know where it can be saved. Breaking down the total consumption into different end uses, helps 
us to define where money is being spent and where the highest financial gain could be obtained. The 
breakdown depends on the facility and on the different systems components. The consumption can be 
estimated for each system using its individual kW consumption multiplied with the annual operating hours. 

This thesis required a systematic approach in order to identify energy saving measures. This was achieved 
by performing an energy audit of the building. The company is interested in cost savings and therefore in 
order to achieve energy reduction, finding measures to be implemented is the goal.  

The methodology used in this thesis consists of a literature study as well as collecting data by measuring the 
energy consumption, also described as energy mapping, on some of the equipment used at the facility. First 
step is to evaluate where the energy demand is in the building. Then, determine what systems in the building 
consumes most energy and do a breakdown of the energy consumption. 

Collecting data and logging is one important part of a detailed study of a building’s energy performance, 
where equipment data and operations is collected in order to identify energy saving measures.  Depending 
on the facility data collection can be gathered on systems such as air conditioning systems, ventilation 
systems, lighting, water heaters, boilers, compressed air systems, humidifiers and other specialized 
equipment.  

The literature study provides background information of the equipment identified as large energy consumers 
as well as a technical description of them. The measurements were performed over a few weeks in order to 
get enough data to be sure of the results. After finding potential energy saving measures they are prioritized.  

EES is a software that is used in this thesis. It can numerically solve non-linear algebraic and differential 
equations, which is useful in this kind of research. This software was used to quickly find enthalpies, 
humidity ratios, wet bulb temperatures etc., as well as to interpret the results from measurements.  

Based on all of this energy saving measures will be recommended in order to reduce the energy consumption 
in the facility. Once each energy saving measure is designed, the next step is a cost and savings analysis of 
each measure. Meaning the cost for implementing each measure and an estimation of the achievable savings 
are estimated.  

5.2 Limitations and scope 
Since the facility is very big and because of time restriction, this thesis will focus on the manufacturing area 
in building B01. This thesis will follow the Swedish regulation form SS-EN 16247-2:2014 made by the 
Swedish standards institute as well as ASHRAE 211P.  
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Assistance from Saab Ab will primarily be required during the measurement sessions, where suitable tools, 
equipment and guidance will be needed. Another option is to borrow the equipment from KTH in case 
they are not available at Saab. The necessary tools include a range of devices used to measure airflow, 
humidity, thermal comfort and electricity.  

This thesis will cover the basics of ESD and how it might occur. What kind of ESD prevention techniques 
are available for manufacturers to implement. Also, other measures in order to reduce the overall energy 
consumption in the facility.  

6 Literature review 
This part aims to provide background knowledge about the energy use in Sweden, especially within the 
industry sector. Also give an informative and technical theory behind ESD, air conditioning processes, air 
compressors and HVAC systems and how these systems affect the energy usage and how they can be used 
to reduce the energy use.   

6.1 Energy use in industry 
Sweden’s energy use is divided into three main user sectors. The residential and service sector accounts for 
146 TWh of the total energy production and uses mainly district heat, electricity and biofuels. The transport 
sector uses mainly petroleum products, such as diesel, gasoline oil and jet fuel, but also electricity and a 
growing share of biofuels. This sector accounts for 88 TWh. The industrial sector accounts for 143 TWh 
and uses mainly biofuels and electricity to run processes. The final energy use in the industrial sector can be 
divided into several energy carriers, where biofuels and electricity are the largest. This is illustrated in Figure 
7.  

 
Figure 7 share of energy carriers in the industrial sector 

In 2015, 40 % of the final energy use came from biomass and 35 % from electricity. Coal and coke was 
responsible for 10 % and petroleum products accounted for 6 %. Most of the electricity goes to mechanical 
manufacturing processes. The somewhat high energy use has to do with the large amount of companies in 
Sweden.  

6.2 Electrostatic Discharge  
How does it relate to static electricity and sudden crashes happening in electronics? This is one of the 
research questions in this master’s thesis. 
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6.2.1 What is ESD? 

Most people have experienced electro static discharge as an electrical shock when touching a surface after 
walking across a carpeted floor or after sliding across a car seat. However, static electricity and ESD have 
been a problem for a very long time. Especially in the industrial industry. European and Caribbean military 
forces were using procedures to prevent ESD ignition of gunpowder stores in the as early as the 1400s. By 
the 1860s, paper mills in the United States employed several prevention techniques such as basic grounding, 
flame ionization and steam drums to dissipate static electricity from the paper web as it travelled through 
the manufacturing process.  

The control of static electricity has been of importance in industries such as petrochemical, pharmaceutical, 
munition and explosives, agriculture and plastics throughout history. Today in the age of electronics, new 
ESD problems have emerged associated with static electricity. As the devices are becoming faster and the 
circuitry smaller, their sensitivity to ESD have also increased. (Fundamentals of Electrostatic Discharge, 
2013) 

ESD stands for Electro Static Discharge and is a transfer of electrostatic charges between bodies at different 
electrostatic potentials caused by direct contact or induced by an electrostatic field.  

Electronic equipment is very sensitive to ESD and is therefore worth highlighting. Despite many efforts to 
reduce ESD the past thirty years, it still affects production incomes, manufacturing costs, product quality, 
product reliability and profitability. The cost of ESD damaged devices ranges from a few cents for a diode 
to thousands of dollars for damaged circuits. Many companies today pay attention to static control. There 
are standards available today to guide manufacturers in mitigating electrical static discharges and control 
techniques provided by the ESD association. (Fundamentals of Electrostatic Discharge, 2013) 

6.2.2 When does ESD occur? 

An electro static charge is defined as an “electric charge at rest” by the ESD association. Static electricity is 
the imbalance of electrical charges on the surface of a material or within. This imbalance of electrons 
produces an electric field than can influence other objects.  Electro static discharge occurs when electrons 
move from one source with lower voltage difference to another source with a higher voltage difference. 
There are three principles of how ESD can occur:  

• Friction – Electrostatic discharge to an object.  
• Separation – Electrostatic discharge from an object. 
• Induction - through induced discharges, meaning that two charged objects put close to each other 

without touching.  

Electrostatic discharge may have a negative impact on the normal operation of electronic system, causing 
the equipment to fail or malfunction. The risk for ESD is much higher during winters when the relative 
humidity is low than during summertime. In other words, the risk for ESD sensitive components are higher 
when the air is dry due to electro static discharges. However, chances of ESD occurring depends largely on 
the components ability to lead voltages or to deflect the energy. 

The goal with ESD protection is safely managing the discharge. Damages to components is mainly due to 
the discharge of electrons and when charging occurs. For example, if uncontrolled ESD occurs, the circuit 
board can only withstand 30-50 volts and can lead to immediate consequences.    

An electro static charge is most commonly created by the contact and separation of two (materials) objects. 
Dissimilar materials tend to have a higher static charge than similar materials. Different materials respond 
differently to ESD. Human beings feel a discharge at 3000 volt while the most sensitive components today 
can only withstand 20-50 volts. For example, walking across a nylon carpet on a dry day generate a static 
electrical charge of 35 000 volt and opening a plastic bag generate a charge of 20 000 volts.  
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However, while the magnitude of the charge may be different the principle is the same in these examples. 
Tribocharging is the term used when describing an electrostatic charge by contact and separation. The 
amount of atoms in a material with no static charge is equal to the number of protons (positive) and 
electrons (negative) orbiting the nucleus in both Material A and B, as can be seen in Figure 8. Both materials 
are now neutral.  

 

Figure 8 Triboelectric charge – Induction (Fundamentals of Electrostatic Discharge, 2013) 

When the two materials makes contact and then separated, the negative electrons are transferred from one 
material to the other material. Which material gains or loses electrons depends on the nature of the materials. 
The material that gains electrons becomes negatively charged and the material that loses electrons becomes 
positively charged. The separation of electrons is shown in Figure 9.  

 

 

Figure 9 Triboelectric charge – Separation (Fundamentals of Electrostatic Discharge, 2013) 

The SI-unit for static electricity is the coulomb. It is the charge transported by a constant current measured 
as one ampere per second. The charge 𝑞𝑞 is determined by the capacitance 𝐶𝐶 of an object and the voltage 𝑉𝑉 
potential of the object.  

𝑞𝑞 = 𝐶𝐶𝑉𝑉 
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However, voltage is most commonly used when expressing electrostatic potentials of materials. The amount 
of charge created by triboelectric generation is affected by factors such as material type, relative humidity, 
area, speed of separation and other factors.  Therefore, this process of material contact is much more 
complex than described in this chapter. Once the material is charged, it becomes an electrostatic charge and 
this charge might be transferred from the material, creating an ESD event, in other words creating an 
electrostatic discharge.  

Table 4 Examples of static generation and typical voltage levels. (Fundamentals of Electrostatic Discharge, 2013) 

Means of generation 10-25% RH 65-90% RH 

Walking across carpet 35 000 V 1 500 V 

Walking across vinyl tile 12 000 V 250 V 

Worker at bench 6 000 V 100 V 

Poly bag picked up from bench 20 000 V 1 200 V 

Chair with urethane foam 18 000 V 1 500 V 

 

Typical voltage levels generated through triboelectric generation by various activities are shown in Table 4. 
As can be seen from the table, the voltage levels increase significantly when the relative humidity levels are 
below 25%. Additionally, the humidity levels contributing to reducing the charge accumulation. 
(Fundamentals of Electrostatic Discharge, 2013) 

6.2.3 ESD in manufacturing processes 

Highest risk of ESD is during the manufacturing of components and during testing. Static electricity occurs 
in our environment constantly, on surfaces, floors, workstations and equipment. This is why it is very 
important to protect the components from ESD. Electronics have developed significantly the past decade. 
Components are much smaller and more powerful, hence more ESD sensitive. The electrons (current) in 
the components moves faster and more uncontrolled from one end to the other. This has made them more 
sensitive and the risk for electrostatic discharges has increased.  

There are two types of failures when considering ESD in manufacturing. Permanent and Latent. Permanent 
damage is due to the component being exposed to ESD and the component stops working immediately. 
The other type of failure is latent failure, and is due to ESD but the component is working for a while but 
then fails after a while. Latent failure can be considered as shortened lifetime of the component. Electrostatic 
discharge can damage electronic components so that they fail immediately or ESD damage can have a latent 
defect so that the components may escape immediate detection, but may cause the device to fail prematurely. 
ESD is usually caused by direct electrostatic discharge to the component, electrostatic discharge from the 
component or filed induced discharges. The level of which the device fails is known as ESD sensitivity or 
ESD susceptibility. In other words, the ability to dissipate the energy of the discharge or withstand the 
voltage levels involved.  

Commonly used methods when evaluating ESD sensitivity limits is to use either the Human Body Model 
(HBM) or the Charged Device Model (CDM) for electronic device characterization. Technical literature and 
damage analysis suggest that ESD failures are due to complicated series of effects. Listed below are 
definitions of HBM and CDM according to the ANSI/ESD S20.20-2014 standard.  

Human Body Model Sensitivity   

“A source of ESD damage is the charged human body, as modelled by HBM standards. This testing model 
represent the discharge of fingertip of a standing individual delivered to the conductive leads of the device. 
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It is modelled by a 100pF capacitor discharged through a switching component and 1500-ohm series resistor 
into the device under test. All devices should be considered as HBM sensitive. The HBM ESD sensitivity 
of devices may be determined by testing the device using one of the referenced test methods”. 

Charged Device Model Sensitivity 

“A source damage of the CDM is the rapid discharge of energy from a charged device. The ESD event is 
totally device dependent, but its location relative to the ground can influence failure level in the real world. 
The assumption for this test model is that the device itself as become charged and rapid discharge occurs 
when the charged devices conductive leads contact a conductive surface, which is a lower potential. The 
entire CDM event can take place in less than 2.0 nanoseconds. Although very short in duration, current 
levels can reach several tens of amperes during discharge. “ (ESD Association, 2019) 

6.2.4 Eliminate ESD with humidity control 

Electronic devices, circuit boards, components and data are highly sensitive to electronic discharge, 
therefore correct humidity levels are essential in order to reduce the damage caused by ESD. Electronic 
discharge is the quick flow of electricity between two charged objects, usually caused by contact. ESD occurs 
when two differently charged objects brought too close to together and sometimes a visible spark can occur. 
However, there are also ESD events occurring that are not visible.  These events are especially the ones 
electronics manufacturers want to prevent. They can cause direct device failure or may affect the long-term 
reliability and the performance of the electronic device. Some ESD effects may not become noticeable until 
well into their product life.  

One of the causes of ESD events is the static electricity caused by tribocharging, which is the separation of 
electric charges that occurs when two objects are brought close and then separated. An example of 
tribocharging is walking on a rug or rubbing a balloon on a sweater. ESD can also occur through electrostatic 
induction, when an electrically charged object placed near a conductive object isolated from the ground. 
The presence of the charged object creates an electrostatic field that causes electrical charges on the surface 
of the other object to redistribute.   

There are a few ways in order to reduce ESD. Most electronic manufacturers establish areas free of static 
using measures such as avoiding highly charging materials, grounding workers or providing antistatic devices 
as well as humidity control. With a 40% humidity level in the room, surface resistance is lower on floors, 
carpets, tablemats and other areas. Humidifiers used to add moisture into the room and the moisture in the 
air forms a thin protective layer on the surfaces. If the humidity drops below 40%, the protection disappears 
and normal activity in the room lead to objects charged with static electricity. Having a ESD protection 
program helps to increase productivity, decrease waste from damaged components as well as improves 
indoor air quality for both manufacturing and employee health. (Condair Group, 2019) 

The ESDAs TR20.20-2008 discusses relative humidity in a few places. Some significant points are listed 
below:  

ESD Handbook ESD TR20.20-2008 section 2.3 Nature of Static Electricity: 

The concentration of moisture in the air, or relative humidity in the surroundings, are important to consider 
when discussing the release and accumulation of static electricity. It is known that electrostatic discharges 
occurs more often when the air is dry. At higher altitudes or in the northern hemisphere it is common to 
heat the interior air in the winter months which also dries out the already dry air.  “Static charge accumulation 
is easier on dry materials since moisture on surfaces tends to allow charges to slowly dissipate or recombine.” 

It is impractical to use humidity control as the only method for providing static control since static charges 
are developed even at relative humidity levels of 90% or higher. For most places, 30 to 70% is considered 
an appropriate humidity range.  

Soldering, which is a common process in electronics manufacturing, is known to be affected by high relative 
humidity conditions. Usually a relative humidity level of 70% or higher. Areas with low ambient humidity 
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levels, such as the northern parts of the world, ionization is an important consideration when trying to 
reduce charge build-ups and provide neutralization of charges after that they are developed but before they 
can cause any difficulties. 

ESD Handbook ESD TR20.20-2008 section 5.3.16 Humidity: 

“Humidity is beneficial in all ESD control program plans. Contact and separation of dry materials generates 
greater electrostatic charges than moist materials because moisture provides conductivity that helps to 
dissipate charge.” This is the reason for noticing ESD effects in the winter months since heating systems 
reduce the moisture levels inside the buildings. Geographical location (desert vs. coastland) contributes also 
to the ambient conditions inside buildings. “Any circumstance that results in a low relative humidity will 
permit a greater accumulation of electrostatic charges.” Relative humidity above 30% in an EPA is desirable 
as long as other problems do not occur as a result of the humidity levels in the building. A limit of 70% is 
most desirable in order to prevent corrosive effects on the metal parts of electronic devices and assemblies. 

Besides tendency of dry materials generating electrostatic charges on dry materials, the performance of ESD 
protective materials can degrade. When exposed to low humidity conditions, there is the possibility for some 
ESD protective materials to become ineffective or even become sources of electrostatic charges. Which is 
why, an evaluation of ESD control materials should include performance testing at the low operating relative 
humidity levels. “Manufacturers of ESD protective materials should be able to provide performance data in 
regard to relative humidity”. The materials should be tested in order to ensure clients that they do not 
become “too conductive” or present a potential safety hazard to personnel working with substantial 
voltages.  

Humidity control in factories or large buildings can be difficult and expensive. In smaller rooms, it may be 
possible to use portable humidifiers to raise the humidity levels. However, in large facilities and factories 
the environmental systems may need to include steam generation systems as well as monitoring equipment 
to control the humidity levels. This type of equipment is expensive to install and purchase especially in pre-
existing facilities. In order to reduce the total cost of such systems, companies should consider the need for 
humidification equipment when planning new facility construction.” (ESD Association, 2019) 

6.2.5 Thermal requirements and guidelines ASHRAE 

ASHRAE have developed thermal guidelines for data processing environments. Their most important goal 
with the guidelines was to create a common protocol that IT equipment would be designed to meet. 
Although computing power and efficiency is important, performance and availability became the priority 
when the guidelines were created and temperature and humidity limits were than set accordingly.  The main 
purpose of the guidelines is to give guidance to data centre operators on maintaining a reliability and also 
how to operate them in the most efficient way. The global interest in expanding temperature and humidity 
ranges continues to increase which is driven by the desire of achieving energy efficiency in buildings. 
Following the lowering of operating costs. (ASHRAE TC 9.9, 2011) 

Figure 10 shows the environmental classes in a psychrometric chart according to ASHRAE.  
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Figure 10 ASHRAE Environmental classes (ASHRAE TC 9.9, 2011) 

The following tables summarizes the current requirements for temperature, humidity, dew point and altitude 
set by ASHRAE. As can be seen from Table 5, Ashrae allows the humidity level to be between 20% and 
80%, as well as the temperature levels to be between 18°C and 27°C for datacenters. Ashrae recommends 
staying between 28% and 60% relative humidity as well as 18°C and 27°C dry bulb temperature.  

Table 5 Ashrae 2008 Thermal Guidelines (ASHRAE TC 9.9, 2011) 

 

The allowable moisture limits for classes A3 and A4 have some added requirements that are associated with 
the protection of ESD failure inducing events that can occur in very low moisture environments. Dew point 
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moisture levels below 0.5°C is accepted if the appropriate ESD control measures are applied. However, this 
does not apply for dew point levels lower than -10°C or 8% relative humidity. ESD control measures is 
discussed more in detail in the next chapter. 

Table 6 Thermal guidelines 2011 and 2008 (ASHRAE TC 9.9, 2011) 

Class 
2008 

Class 
2011 

Applications IT Equipment Environmental 
Control 

1 A1  

 

Datacentre 

Enterprise servers, storage products Tightly 
controlled 

2 A2 Volume servers, storage products, personal 
computers, workstations 

Some control 

NA A3 Volume servers, storage products, personal 
computers, workstations 

Some control 

NA A4 Volume servers, storage products, personal 
computers, workstations 

Some control 

3 B Office, transportable, 
environmental, etc. 

Personal computers, workstations, laptops and 
printers 

Minimal 
control 

4 C Point-of-sale, industrial, 
factory, etc. 

Point-of-sale equipment, ruggedized 
controllers, or computers and PDAs 

No control 

 

6.2.6 Static Control Measures 

As mentioned before, the electronic devices are becoming faster and the circuitry smaller, their sensitivity 
to ESD have increased and therefore controlling the humidity levels in datacentres and basic ESD protocols 
are of the upmost importance. ESD can be generated by people in the room or by the equipment itself. 
Electrostatic discharges must be taken into consideration when handling ESD sensitive components, such 
as the components being produced at Saab Ab. The goal is to reduce the risk of ESD occurring incidents 
between all items within that area as much as possible. One measure is to choose proper materials used by 
the personnel such as anti-static and static dissipative materials, but also by properly grounding the items 
and personnel. People can be grounded either by using a wrist strap that is assigned to a known building or 
linked between two different metallic parts ensuring an electrical connection between them, also known as 
chassis ground. Personnel can also use ESD protective footwear or heel straps. However, heel straps require 
electrical conductive or static dissipative floors in order to allow a path for the charge from the human to 
the ground. Areas and workstations where highly sensitive electronic equipment will be handled and 
maintained should have surfaces that are static dissipative or grounded the same way as the heel straps.  
Personnel should use ESD protected lab coats. These lab coats contains the electrostatic fields that emits 
from the personnel’s clothing. Another measure is to ensure that the tools used by the personnel are 
dissipative. (ASHRAE TC 9.9, 2011) 

6.3 Air conditioning process 
In order to maintain a living space or a facility at a desired temperature and humidity require some processes 
called air conditioning process. These processes involve heating (raising the temperature), cooling (lowering 
the temperature), humidifying (adding moisture), and dehumidifying (removing moisture). Usually two or 
more of these processes are needed to bring the temperature and humidity to a desired level. Various air 
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conditioning processes are shown in Figure 11. From the figure, it can be seen that simple heating and 
cooling processes appear as horizontal lines since the moisture content of the air remains constant. Air is 
commonly heated during winters and cooled during summertime.  

Moist air conditioning processes are usually modelled as steady flow processes and therefore the mass 
balance relation �̇�𝑚𝑎𝑎𝑖𝑖 = �̇�𝑚𝑜𝑜𝑜𝑜𝑜𝑜 can be expressed for dry air and water as  

Mass balance for dry air: ∑ �̇�𝑚𝑎𝑎𝑎𝑎𝑖𝑖 = ∑ �̇�𝑚𝑎𝑎𝑜𝑜𝑜𝑜𝑜𝑜  

Mass balance for water: ∑ �̇�𝑚𝑤𝑤𝑎𝑎𝑖𝑖 = ∑ �̇�𝑚𝑤𝑤𝑜𝑜𝑜𝑜𝑜𝑜  

Neglecting the kinetic and potential energy changes, the steady flow energy balance relation can be written 
in this case as  

�̇�𝑄𝑎𝑎𝑖𝑖 + �̇�𝑊𝑎𝑎𝑖𝑖 + ��̇�𝑚ℎ
𝑎𝑎𝑖𝑖

= �̇�𝑄𝑜𝑜𝑜𝑜𝑜𝑜 + �̇�𝑊𝑜𝑜𝑜𝑜𝑜𝑜 + ��̇�𝑚ℎ
𝑜𝑜𝑜𝑜𝑜𝑜

 

The work is usually the fan work input, which can be small in relation to the other terms in the equation. 
(Cengel, o.a., 2011) 

 

Figure 11 various air conditioning processes (Cengel, o.a., 2011) 

6.3.1 Heating and cooling  

Many building heating systems consist of a heat pump or an electric resistance heater. The air is heated by 
circulating the air through a duct containing tubes for hot gases or electrical wires. The amount of moisture, 
that is the specific humidity of air, remains constant during heating or cooling processes since no moisture 
is added or removed from the air. However, it is worth noticing that the relative humidity ratio decreases 
during heating process even if the specific humidity level remains constant. This is due to the fact that the 
relative humidity is the ratio of the moisture content in the air to the moisture capacity of the air at the same 
temperature. The moisture capacity increases with the temperature.  

Therefore, the relative humidity of heated air may be below the comfortable levels, causing dry skin for the 
occupants, respiratory difficulties as well as an increase in static electricity.  

The cooling process is very similar to the heating process, except that the dry bulb temperature decreases 
and the relative humidity increases. Cooling is usually accomplished by passing the ait through cooling coils 
in which a refrigerant or chilled water flows. In the Nordic climates, we have both systems. During 
summertime we cool the ambient air and during winters we heat the ambient air in order for us to reach 
comfortable indoors climates. (Cengel, o.a., 2011) 



-28- 
 

When heating or cooling the airflow, the power consumption can be calculated with the enthalpy change 
during the process with the following formula 

 

𝑃𝑃 = (ℎ2 − ℎ1) ∗ 𝑞𝑞𝑎𝑎𝑎𝑎𝑎𝑎 ∗ 𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎 

Where, 

 𝑃𝑃 Is the power consumption [kW] 

ℎ2 Is the enthalpy before heating [kJ/kg] 

ℎ1 Is the enthalpy after heating [kJ/kg] 

𝑞𝑞𝑎𝑎𝑎𝑎𝑎𝑎 Is the mass flow rate of air [m3/s] 

𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎 Is the density of air, 1.2 [kg/m3] 

In Figure 12 the heating of air is illustrated in Molliers diagram and Figure 13 shows cooling, respectively. 
(Warfvinge, o.a., 2010) 

 

 
Figure 12 heating of air illustrated in Mollier diagram (Warfvinge, o.a., 2010) 
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Figure 13 cooling of air illustrated in Mollier diagram (Warfvinge, o.a., 2010) 

6.3.2 Heating with humidification 

Problems associated with low relative humidity resulting from the heating process, such as ESD, can be 
solved by humidifying the heated air. This is accomplished by first passing the air through the heating 
process and then through a humidifying section in an air handling unit.  

The air state after the humidification process depends on how the humidification is accomplished. If steam 
is introduced to the humidification section, it will result in humidification with additional heating. However, 
if humidification is accomplished by spraying water into the airstream instead, part of the air will be cooled 
due to that part of the heat will evaporate. Air should be always be heated to a higher temperature in the 
heating section in order to make up for the cooling effect during the humidification process. Figure 14 
shows the process outlined in a psychrometric chart. (Cengel, o.a., 2011) 

 

Figure 14 humidification process illustrated in Mollier diagram. (Warfvinge, o.a., 2010) 
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6.3.3 Cooling with dehumidification 

The relative humidity increases during a simple cooling process, however the specific humidity of air remains 
constant. In case the relative humidity reaches undesirable levels, it is usually necessary to remove some 
moisture from the air i.e. to dehumidify the air. This requires cooling the air below its dew point temperature. 
The cooling process with dehumidification starts with hot and moist air entering the cooling section. As the 
air passes through the cooling coils, its temperature decreases and its relative humidity increases as the 
specific humidity remains constant. If the cooling section is long enough, the air will reach its dew point. 
Further cooling of the air leads to condensation. The air remains saturated during the entire condensation 
process. This allows a relative humidity of 100 percent until the final state. The water vapor that is condensed 
out of the air during this process is removed through a separate channel, which is usually assumed to leave 
the cooling section at the final state. The cool saturated air is then distributed through the air ducts directly 
to the room, where it is mixed with the room air. (Cengel, o.a., 2011) 

6.3.4 Energy aspects of humidification and dehumidification 

When heating air or cooling the air in a space, the effect will change since the enthalpy difference also 
changes in the psychrometric chart. When heating the air, the relative humidity reduce and vice versa. The 
formula for calculating the effect is the following: 

𝑃𝑃 = (ℎ2 − ℎ1) ∗ �̇�𝑉 ∗ 𝜌𝜌 

Where,  

P is the effect [kW] 

ℎ1 Enthalpy before heating/cooling [kJ/kg]] 

ℎ2 Enthalpy after heating/cooling [kJ/kg]] 

𝜌𝜌 Density of air [1.2 kg/m3]. (Warfvinge, o.a., 2010) 

6.3.5 Desiccant cooling 

Desiccant cooling is a method where change in water content in the air is utilized, both in the exhaust and 
supply air. The steps of desiccant cooling is shown in Figure 15. The process is also outlined in the 
psychrometric chart in Figure 16.  The ambient air is first dried by the desiccant rotating wheel, where the 
ambient air is mixed with the heat from the exhaust air. The exhaust air is heated before entering the 
desiccant rotating wheel, which might seem as an unnecessary step and as a waste of energy. However, 
during summertime there is an excess amount of energy in district heating which can be utilized here. In the 
following step, the ambient air is cooled by the exhaust air and is further cooled down by the evaporative 
cooler before entering the room. The exhaust air is cooled down by the evaporative cooler in its first step 
in order for it to cool down the ambient air when entering the heat exchanger. Thereafter, the air passes 
through a heater and is heated up to 50C so that it can dry the ambient air effectively in its following step, 
which is usually done by a rotating heat exchanger. In most cases, there is no need for an additional heater 
since the heat exchanger are so effective nowadays. (Havtun, o.a., 2017)  
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Figure 15 Desiccant cooling system (Havtun, o.a., 2017) 

 

Figure 16 Desiccant cooling process outlined in psychrometric chart (Havtun, o.a., 2017) 

6.4 HVAC Systems  
HVAC stands for heating, ventilation and air conditioning. These systems are crucial in a building in order 
to supply the building with adequate heating, cooling and air conditioning in order to maintain satisfying 
indoor climate conditions for the occupants. The system configuration, arrangement and construction differ 
for each building and their primary functions, even though they generally contain the same components, 
such as pumps, pipes, dampers, fans, valves as well as cooling and heating exchangers. Depending on how 
these components are arranged and assembled, it will affect the operations and controls as well.  In addition, 
location, climate impacts and building characteristics need to be considered when designing HVAC systems.  

The HVAC systems are classified according to the energy medium they carry. The most common types of 
mechanical ventilation systems are Air-air systems, Air and water systems and all water systems. (Claesson, 2018) 
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6.4.1 Why ventilation? 

The main functions of a ventilation system is to:  

• Supply fresh air and remove polluted air from buildings 
• Prevent pollutions from spreading inside the building 
• create under pressure within the building  
• in some applications provide heating and cooling 

Ventilation is crucial for providing and securing optimum air quality and thermal comfort in buildings. The 
primary focus is to maintain a good Indoor Environmental Quality and therefore, the use of the building, 
the surrounding climate, will result in some requirements regarding ventilation, heating and cooling. 
(Warfvinge, o.a., 2010) 

6.4.2 Ventilation demands for different types of activities 

For Sweden, Boverket (Abbreviated BBR) is the government authority who issue regulations for housing, 
buildings and planning. The minimum ventilation flowrate is given by BBR and their document building 
code requirements. These are regularly updated. Keep in mind to always adopt the latest version when 
designing building energy solutions. The regulations require a minimum ventilation flow rate of supply air 
of 0.35 liters/sm2floorarea and an additional 7 liters/person when the building is occupied. Table 7 presents 
the energy production and CO2 production rate for various activity levels. While Figure 17 show the required 
ventilation flowrates in relation to CO2 levels. (Havtun, o.a., 2017) 

Table 7 Energy production and CO2 production rate for various levels of activity (Havtun, o.a., 2017) 

Activity Metabolic rate [W] CO2 production rate [l/s] 

Sedentary Work 100 0.004 

Light Work 150-300 0.006-0.012 

Moderate Work 300-500 0.012-0.020 

Heavy Work 500-650 0.020-0.026 

Very Heavy Work 650-800 0.026-0.032 

 

 
Figure 17 the required ventilation flowrates in relation to C02 concentration levels (Havtun, o.a., 2017) 
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6.4.3 All air systems 

In all air to air systems, both heating and cooling together with ventilation is supplied to the rooms with air-
ducted systems. There are no hydronic loops in these types of systems, where liquids are used as the heat 
transfer medium. These systems are more common in the US and less common in Sweden.  

Air to air systems are used to provide sensible and latent cooling, preheating and humidification into the 
ventilation air. It is possible to accomplish heating by the same airstream in the central system or in a separate 
segment. However, in some applications separate heating is accomplished with a separate heater. These 
systems are usually used in buildings that require individual control of multiple rooms, such as office 
buildings, schools, universities or hospitals. All- air systems are used, almost exclusively in special 
applications in need of temperature and humidity control. These types of applications include clean rooms, 
computer rooms, hospital operating rooms, research and development industries, as well as other industrial 
and manufacturing facilities. (Havtun, o.a., 2017) 

6.4.4 Single zone systems 

This system is perhaps the most simple, since the AHU only serves one zone. If the building consist of 
more than one zone, several AHUs are needed. In the air-handling unit, the air can be conditioned according 
to possible requirements and depending on the components installed in the AHU. There is one limitation 
to this system, which is that the temperature and the state of the air will always be the same. Unless, locally 
installed heating/cooling devices are installed in the separate zones. Figure 18 shows an example schematic 
of a single zone system. (Claesson, 2018) 

 

Figure 18  Example of a single zone configuration (Claesson, 2018) 

6.4.5 Dual duct systems 

Dual duct systems are excellent for meeting different loads in different zones in a building. These systems 
are constructed with parallel heating and cooling coils to distribute the air in a building. The airflow is 
distributed to each zone by either blending the air at the terminal device or supplied separately to each zone 
where the air is mixed in order to reach a certain state. However, these systems are not very energy efficient, 
since a significant amount of air might be overheated or undercooled compared to the needs. An example 
of a dual duct system is shown in Figure 19. (Claesson, 2018) 
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Figure 19 Example of a dual duct configuration (Claesson, 2018) 

6.4.6 Variable air volume VAV 

Variable air volume systems are systems where the supplied air is set according to predefined conditions in 
the AHU. The distribution of the airflow can vary depending on the demand in each zone at the time. A 
variable speed control regulates the amount of air (volume flowrate) going through each fan into each 
individual zone. These systems have a control signal installed, that reads the static pressure development in 
the ducts and adjusts the airflow according to it in the variable speed controlled fan. This speed control can 
have reductions in the cost of fans by decreasing the fan speed according to the demand in the individual 
zones. Another benefit of having this system is that they are self-balancing and therefore the design of ducts 
is not a crucial factor.  

Variable air volume systems also allow the control between temperature level and air pollutants, as well as 
humidity levels and CO2. This can be achieved by including heaters and cooling devices into the zones. By 
doing so, the ventilation air is instead focused on meeting a sufficient level of indoor air pollutants or on 
meeting a sufficient level of humidity indoors. An example of this system is shown in Figure 20. However, 
these types of VAV systems are more leaning towards the air and water systems rather than air to air systems 
since they include hydronic loops. Air and water systems are explained more in detail in the next chapter.  
(Claesson, 2018) 
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Figure 20 Configuration of VAV air water systems (Claesson, 2018) 

6.4.7 Air and water systems  

In a building air and water systems are used in order to provide the required energy to the habitable spaces 
throughout the building. The air and water heated or cooled in centralized systems and then distributed to 
terminal units installed in the spaces. Air and water systems includes central air conditioning equipment, 
duct and water distribution system as well as room terminals.  Room terminals are units that are able to 
dissipate heating or cooling by convection or radiation. Example of such units are fan coils or radiators. The 
supply air is called primary air and the supply water is called secondary water.  

Primary air systems provide clean outside air for ventilation and can be dehumidified or humidified, 
depending on the requirements. The central air conditioning equipment provides the necessary ventilation 
throughout the building. Secondary water combined with the water distribution system in the building, 
provide a portion of chilled secondary water to circulate the through the hydronic loops to room terminals 
or to the heating/cooling coils in the air handling unit. (Havtun, o.a., 2017) 

6.4.8 Constant air volume CAV 

Constant air volume systems provide constant airflow, unlike the variable air volume. The only drawback 
with this configuration is that the varying demand of airflow is not taken into consideration. Which in turn 
has an influence on the operation costs and achieving desired thermal conditions. (Claesson, 2018) 

6.5 Installations in manufacturing section at Saab 
This part of the chapter aims to provide an overview of the existing technical appliances in the 
manufacturing section of Saab Ab in Järfälla.  

6.5.1 Mechanical balanced “mixing” ventilation 

There are three AHUs supplying air to the production in B2 building. They are all different sizes and have 
different projected airflow rates. They follow the same basic working principle as “extract and supply” 
ventilation systems. In these systems, air is supplied and mixed into the occupied zones and extracted from 
the polluted zones, see Figure 21. These systems are incorporated with heat recovery that enables the outside 
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air to be preheated by the exhaust air, which in turn lowers the additional capital and operating cost of such 
systems. (Havtun, o.a., 2017) 

 

Figure 21 Balanced "mixing" ventilation (Havtun, o.a., 2017) 

6.5.2 Fan coils 

Fan coil units (FCU) are mechanical devices available for cooling/heating purposes. They consist of a heat 
exchanger or heating/cooling coil and a fan. Their primary purpose is to control the temperature in a space. 
Central heating and cooling plants supply the required heating or cooling to the heat exchangers in the 
FCUs. A thermostat is usually installed in the fan coils that regulate the amount of water going through the 
heat exchanger together with a control valve. Regulation of this type of system is also done together with 
adjustable fan speed.  An advantage is how easily fan coils can be applied and control individual 
temperatures, especially between rooms where prevention of cross contamination is necessary. The energy 
consumed by FCUs is due to the supplied energy to the fan motor that circulates the heated/cooled air into 
the zones. (Khazaii, 2014) 

6.5.3 Humidification Systems 

A company called SIBE has installed a high pressure fogging systems throughout the production in B2. The 
system uses no gas and keeps the humidity at controlled levels in order to prevent electrostatic discharge. 
There are nozzles installed around the manufacturing areas connected by pipes to a high-pressure pump. 
Each nozzle creates a fine mist that evaporates, raising the air relative humidity. The humidification system 
is described more in detail in chapter 6.7. 

6.5.4 Environmental Test Chambers 

There are three different kinds of temperature chambers in building B2 used for the production in Järfälla. 
In total there are 21 and three more are expected to be adopted. These temperature chambers are used to 
test components under stressful conditions, from very cold to warm climates. They are usually tested for 
about three days which in turn takes a toll on the energy consumption. Half of them are cooled with air and 
the other half is cooled by district cooling. The ones cooled by air releases a lot of heat to the ambient. 



-37- 
 

According to workers in the production, one temperature chamber releases about 5-7 kW of sensible heat 
into the room. Figure 22 shows the two main environmental test chamber in use at the facility.  

 

Figure 22 Temperature chambers at Saab Ab 

6.5.5 Workstations 

There are several workstations or desks with various equipment on the manufacturing floor in B2. Each 
desk has one or two monitors that consume energy. Every desk have an electricity off switch. Small energy 
saving are possible if the desks would be switched off when not needed.  

6.5.6 Fume hoods  

Fume hoods are large energy consumers especially when the sash is open. This high-energy consumption is 
because of the air being constantly exhausted outdoors. One simple measure is to keep the sash closed when 
not using them. This will reduce the airflow and in turn have a significant reduction in energy consumption.  

6.5.7 Computers and monitors 

Every desk (Workstation) has one or two monitors, plus the personal computers of each worker. This 
contributes to the yearly energy consumption at the facility. Some reductions are possible, however, they 
are more of a behavioural issue. Every computer and monitor have the possibility to be in energy saving 
mode or completely shut off when not in use.  

6.5.8 Building envelope 

No measures to the building envelope will be suggested in this report. Improvements to the envelope are 
quite expensive since they improve the heating and cooling demand, which in turn results in downsizing the 
ventilation equipment. Another issue is that this facility will be demolished in a few years’ time and move 
elsewhere. Due to these factors, it is more reasonable to focus on other measures in this master’s thesis 
report.  
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6.6 Air Compressor 

6.6.1 Methods for compressing air 

Compressor can be divided into two groups, “positive displacement” compressors and “dynamic 
compressors. Depending on the applications and principles, we can distinguish between reciprocating, 
rotary, scroll, screw and turbo compressors. The first four mentioned are positive displacement compressors 
and the turbo compressor is a dynamic compressor. The difference between them are that in the positive 
displacement compressor, the gas trapped in a space that is reduced in volume due to rotation of axis when 
driving the compressors and the pressure rises. The turbo compressor is different, the gas is compressed 
because of the high speed of the impeller.  

Each compressor design have been proven more suitable for different applications and this is also 
depending on their niches.  

Turbo compressor, also known as centrifugal compressors, are used in larger applications with limited 
pressure ratios. These compressors have an inlet flowrate of 2000 m3/hour and upwards.  

Screw compressors with two rotors have a capacity of about 180 to 6000 m3/hour, equivalent to 50kW to 
1,7 MW operating power. This makes them suitable for medium scale to large scale applications.  

Reciprocating, also known as piston type compressors have a flowrate up to 500 m3/hour. Earlier these 
types of compressors were dominant but nowadays the screw compressors is.  

Rotary compressors are used for the smallest applications. Applications ranging from 10 to 15 m3/hour 
which is equivalent to 3 to 4 kW operating power. (Granryd, o.a., 2011) 

6.7 SIBE Humidification system 

6.7.1 General description 

SIBE SWED FOG system is a nozzle based and high-pressure humidification system. It is a modular air 
humidification system consisting of several units, a control station and a high-pressure pump. Water is used 
to humidify rooms at high pressure, usually 50-70bars. The water is atomized into fine mist and sprayed to 
the rooms. Fresh air or the “carrier” air is collected from above the unit, where the room temperature is the 
highest and contains the least amount of dust. The mist is supplied to the carrier air from the built in fan 
and evaporates, raising the air relative humidity. The system is also equipped with humidity sensors that 
together with an electronic moisture sensor controls the air humidity levels in the room. Figure 23 is an 
example of high pressure humidifying system.  

 
Figure 23 High pressure humidifying system by SIBE 
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6.7.2 Water treatment 

Regular tap water is used for this humidification system. However, the system is usually supplied with a 
filtering device. The water is treated before supplied into the rooms. After the water is treated, it is stored 
in a tank and from the tank pumped to the high-pressure units. Treatment of the water depends on the local 
water quality. The water temperature at SAAB was measured to 22.3 C and is not heated by any external 
devices. Meaning that the water has the same temperature as the room.  

6.7.3 Working environment 

Air humidification often provides a better working environment for the personnel. Ashrae recommends 
that the indoor relative humidity should be maintained at or below 65% and ideally between 30-50%.    

6.7.4 Energy consumption 

The method in order to develop fine mist by pressurizing water to a high pressure is by far the lowest energy 
consumption of all humidification processes available. The energy necessary is only a small fraction of 
needed for other alternative methods. Table 8 shows the approximate energy consumption for different 
humidification processes.  

Table 8 Energy consumption for different kinds of humidification techniques 

Technique Energy consumption 

Steam humidification 740 W/kg of water 

Nozzle humidification 55 W/kg of water 

Ultrasonic humidification 50 W/kg of water 

High pressure humidification 10 W/kg of water 

 

7 Calculation methods 
The calculation methods are described in this chapter. The given equations were used in this study in order 
to achieve the expected results.  

7.1 EES: Engineering Equation Solver 
Most of the calculations were performed with EES software. It’s a software that can numerically solve non-
linear algebraic and differential equations. It can also be used to optimize, provide uncertainty analyses and 
to generate plots. This software was used in order to get enthalpies, humidity ratios, wet bulb temperatures 
etc.  

7.2 Power draw 
The power draw from various electronic equipment was evaluated based on measuring the current through 
different phases. The net power is given by: 

𝑃𝑃 = [𝐼𝐼1 + 𝐼𝐼2 + 𝐼𝐼3] ∗ 𝑉𝑉 ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

Where,  

P = Power [W] 



-40- 
 

I = Current [A] 

V = Voltage [V] 

Cos φ = the power factor  

For appliances operating with a motor, such as pumps and compressor, the power factor assumed to 0.8. 
In other cases, where the electricity directly goes into the appliances, such as computers and monitors, the 
power factor assumed to 0.9. (Gursoy, 2017) 

7.3 Economical evaluation 
Payback period is often used as a calculation method for investments when improving operation and 
therefore decreasing future operating costs.  It is a simple comparison of possible annual savings, SEK/year, 
and the total necessary investment, SEK.  

𝑃𝑃𝑃𝑃𝑃𝑃 =  
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝑚𝑚𝐼𝐼𝐼𝐼𝐼𝐼

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑃𝑃𝑃𝑃𝑃𝑃𝐼𝐼 𝑎𝑎𝐼𝐼𝐼𝐼𝑎𝑎𝑎𝑎𝑃𝑃 𝑐𝑐𝑎𝑎𝐼𝐼𝑃𝑃𝐼𝐼𝑠𝑠𝑐𝑐
 

The payback period tells us how long it will take, in years, to save up to the same amount of money that 
was invested. However, this calculation method does not take into consideration the depreciation time nor 
the interest rate.    

8     Energy mapping 
This chapter aims to explain the procedure of the conducted experiments on different energy consuming 
components in the manufacturing department at Saab, AB.  

8.1 Electricity Survey 

8.1.1 Lighting 

Most of the lamps at B2 are LED lamps with a low energy consumption. Thera are mainly two types of 
lamps used over there, Aura Lunaria G3 consuming 39 W with 4000 lumen and Elektroskandia ESINDA 
OPAC consuming 65 W. These are good quality and provide the personnel with enough light to feel 
comfortable. These lamps consume in total about 84 MWh/year. This estimation is if they are used 12 hours 
per day.  

8.1.2 Computers 

In B2 at Järfälla, there are approximately 148 computer screens in use by the workers every day. Their yearly 
consumption was estimated to 104 MWh, which is a considerably large amount. However, this is the 
consumption of the screen if they were ON for 24 hours/day for a whole year. If the screens were to be 
switched off when not needed, for example from 17-08, there would be a significant reduction, 63%, in the 
energy consumption. See Table 9.  

Table 9 Computer screen energy reduction 

Computer screen consumption MWh/year Reduction 

ON for 24h/day 103,8  

Off between 17-08 38,9 62,5 % 
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However, many previous studies have shown their reduction in simple measures such as activating sleep 
mode, hibernation mode or simply switching them off. Therefore, no further investigations have been made 
in this thesis.   

8.1.3 Fan coils 

There are some fan coils in use in some of the rooms at the production floor that are used for regulation of 
process and comfort cooling of the space. The cooling is for balancing the heat rejected from the electronic 
appliances in the rooms. The heat is absorbed in the brine water circulated in the fan coils. A motor that are 
in constant operation drives the fans.  

The number of fan coils differs depending on the area of the space and the cooling demand. There are two 
rooms with fan coils installed. One room has three fan coils installed while the other has nine fan coils. In 
total there are 12 fan coils installed. Since the fan coils are identical, it is reasonable to use Nevin Gursoy 
measurement data from last year where three instant measurements was performed in order to decide the 
power draw from one fan coil. The method is based on measuring the current through two phases supplied 
to the fan motor. The power draw in all three measurements was approximately around the same levels, 
around 100 W. Table 10 shows the current amount of fan coils and their measured power consumption. 
[Nevin Gursoy] 

Table 10 Power consumption for fan coils 

Measured power to one fan [W] Number of fan coils  Power consumption to the fan coils [kW] 

100 12 1,2 

 

8.1.4 Ventilation  

Three major air-handling units, named TAFA 219, TAFA 218 and TAV 21, control ventilation in B2. The 
primary function of these AHUs is to provide ambient air to the air-conditioned spaces between 07:00-
19:00 Monday to Friday. They are set at 19°C reference temperature. TAFA 219 is the most recently installed 
air handling unit and provides fresh air to the smaller separate rooms in B2. It has a humidifier installed 
which keeps the humidity in the rooms at a comfortable level and also to minimize the risk of ESD. Chapter 
8.2.2 provides an overview of the humidity levels in room B2840, which is supplied by the humidifier 
installed in TAFA 219. There was some difficulties involving measuring the airflow of this AHU and is 
therefore missing. Table 11 show the projected and measured airflow in the air-handling units at the facility.  

Table 11 Projected value and measured value for AHUs 

Air handling unit Projected value Measured value 

TAFA 219 3,6 m3/s Not possible to measure 

TAFA 218 0,33 m3/s 2,5 m3/s 

TAV 21 5,6 m3/s 2,5 m3/s 

 

8.1.5 Environmental Test Chambers  

There are about twenty-one temperature chambers (also known as climate chambers) in use at the 
production site in Järfälla. A standard test with them is the burn in test, which is when the temperature 
varies from -54 C to +96 C and vibrates. One cycle usually takes a couple of hours and then the cycle repeats 
itself. The whole test is about 48 hours and 20 minutes of vibration. These tests also varies a little for each 
product. The chambers are very powerful machines and can handle a temperature change of 10 degrees per 
minute, both up and down. This simulates for example the temperature change when a plane standing still 
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on an airstrip in a hot climate, and a few minutes later has to be at an altitude of 8000 meters. Figure 24 
shows the energy consumption of one chamber performing the burn in test of a product and was measured 
over 2 days in June 2019. The average energy consumption was 3.6 kW. From the figure, it is possible to 
identify each cycle, maximum consumption at 8.2 kW and a minimum of 86 W. Following a 20 minutes 
vibration period and the cycle repeats. There were in total 24 cycles during this measurement.  

 

Figure 24 Burn in measurement 48 hours in June 2019 

Usually these tests run over weekends so that it does not interfere with the other work during the weekdays. 
One or two temperature chambers are operational every weekend.  The rest of the chambers are in use by 
other manufacturing departments, such as development who runs burn in tests for troubleshooting and 
repairs.  

8.1.6 Air compressor 

In the basement there are three air compressors working constantly. The model of the air compressors are 
Gardener Denver VS 40, Tam rock 170 and Ingersoll Rand R55i. The air compressor provides compressed 
air for the use of machine tools for all the buildings at Saab in Järfälla. In an air compressor, 90% of the 
electrical consumption is dissipated as heat. A heat recovery unit can recover most of this heat for heating 
air or water reducing the cost of running the compressors.  

Space heating occurs when taking the heated air from the compressors to an area requiring heating. Works 
by ducting the cooling air from the compressors to an area in need of heating. This has been utilized in the 
past but not anymore. The old fans down in the basement by the air compressors are not currently used. 
This could be because space heating is not required during summertime.   

Heated water can be stored for hot water applications such as showers for example. Waste heat recovery is 
especially effective when using oil cooled rotary screw compressors.  

Measurement were performed over one week in June 2019 for only one of the air compressors. The air 
compressor that was measured was the Ingersoll Rand R55i. It’s a rotary screw compressor, which also is 
the newest of the three of them. It consumed in average 33.25 kW that week. Over a year it could be 
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estimated to 1.7 MW in average. The estimated consumption is 136.5 MWh/year. Figure 25 shows the 
measurement over one week for one of the air compressors.   

 

Figure 25 One week measurement of air compressor Ingersoll Rand R55i 

8.2 Temperature and Humidity Survey 

8.2.1 Temperature measurements 

Several temperature measurements was performed during almost 2 weeks in June 2019 in order to establish 
an overview of the temperature in each of the rooms in B2.  Figure 26 shows the temperature line in room 
B2814 where there are many temperature chambers. The sudden increase in temperature is most probably 
because of the release of heat from the temperature chamber. The decrease is when it was a weekend and 
no occupancy during that time period. The ventilation in the building has a reference temperature of 19C.   

 

Figure 26 Temperature measurement of B2814 R1 

Figure 27 and Figure 28 show the temperature in room M2822. The only difference between them is the 
placement of the measuring devices. Figure 27 was placed near a window and Figure 28 was placed in the 
middle of the room. Two measurement was performed due to the large space area of the room.  

Figure 27 has a more rapid temperature difference than Figure 28 because it was placed close to the window. 
The average temperature is 22.05 C for the device placed near the window and 21.8C for the device in the 
middle of the room. The fact that the device near the window has a larger mean value is because the 

0

10

20

30

40

50

60

70

1 28 55 82 10
9

13
6

16
3

19
0

21
7

24
4

27
1

29
8

32
5

35
2

37
9

40
6

43
3

46
0

48
7

51
4

54
1

56
8

59
5

62
2

64
9

67
6

70
3

73
0

75
7

78
4

81
1

83
8

86
5

89
2

91
9

94
6

97
3

10
00

10
27

10
54

10
81

Air Compressor  Consumption [kW]



-44- 
 

measurement was done in June, during summertime, meaning that sometimes-direct sunlight could have hit 
device.  

  

 
Figure 27 Temperature measurement B822 R2 

 

 
Figure 28 Temperature measurement B2822 R5 

Figure 29 shows the result from a measurement performed in room M2840. The average temperature during 
the 2 weeks was 22.7 C. This room has its own AHU, which is also the most recent one installed in B2. It 
is operational Monday to Friday 07:00-19:00. The figure shows a few rapid downfalls in temperature, which 
is believed to be the cause of a colder summer night and due to the fact that it occurs when the ventilation 
starts in the mornings.   
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Figure 29 Temperature measurement B2840 R6 

8.2.2 Humidity measurements 

Two humidity and water content measurements is performed over one week period in June in two different 
rooms at Saab in Järfälla. One room has the installed supplementary humidifiers from SIBE installed and 
the other room utilizes a humidifier installed in the air-handling unit.  

Figure 28 shows the measurement of room B2822. This is the large manufacturing floor with several 
supplementary humidifiers installed across the room. From the figure, it can be seen that the relative 
humidity line is very similar to the measured water content of the room. The outdoor water content 
fluctuates a little in the beginning of the measurement, most probably because of rainy days or just very 
humid days. It stabilizes more from the 60th hour forward. The humidifier provided by SIBE in the room 
has a set point on 40% relative humidity. From the figure, it can be seen that the measured water content 
in the room strives towards a value of 0.007g/kg dry air in the room, since the air needs to be humidified 
when the outdoor water content is lower than 0.007g/kg dry air. According to the psychrometric chart, the 
temperature in the room is about 23°C when having a reference value at 40% relative humidity and a water 
content at 0,007 g/kg dry air. See Table 12 below.  

Table 12 Different temperature, relative humidity and their water content 

Temperature [°C] RH [%] Water content [g/kg dry 
air] 

23 40 0,0069 

24 40 0,0074 

25 40 0,0079 
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Figure 30 Measurement B2822, Supplementary Humidifiers from SIBE 

In Figure 31, the measurement from room B2840 is presented. This is the room with the separate AHU 
installed with a humidifier. The figure shows how the lines are more compact and how they follow one 
another. The outdoor water content line is somewhat higher than the measured value. This means that the 
AHU cools the air before the room in order to achieve a proper humidity level. It fluctuates a little so I 
think that the humidity level is controlled with a set percentage value instead of water content in the air. 
The average values during this measurement was 47% relative humidity and the water content is 0,008 g/kg 
dry air. The drop in the middle of the measurement is most probably due to no occupancy at that time. This 
measurement was performed over midsummer, which is a holiday in Sweden.  

 

 

Figure 31 B2840, AHU with humidifier 

Table 13 Average measured values for B2822, B2840 and outdoors 

 B2822 B2840 Outdoor One year 
SMHI 

Average Temp measured 21,8 °C 22,9 °C 18,8 °C 

Average RH measured 50,4 % 47 % 59 % 

Average water content 0,008 kgH2O/kgda 0,0081 kgH2O/kgda 0,0078 kgH2O/kgda 

 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7

0
0.002
0.004
0.006
0.008

0.01
0.012
0.014

0 50 100 150 200

Re
la

tiv
e 

hu
m

id
ity

 [%
]

[k
gH

2O
/k

gd
a]

Hours

Outdoor  [kgH2O/kgda]

Measured [kgH2O/kgda]

RH inside [%]

0

0.002

0.004

0.006

0.008

0.01

0.012

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 10
1

10
6

11
1

11
6

12
1

12
6

13
1

13
6

14
1

14
6

15
1

15
6

16
1

16
6

RH inside [%] Measured [kgH2O/kgda] Outdoor [kgH2O/kgda]



-47- 
 

According to Ashrae, the humidity levels in the rooms need to stay above 40% in order to protect the ESD 
sensitive components. In addition, according to the measurements the systems are above that limit. See 
Table 13.   

The measurements were performed with a Testo 175-H2 measuring device. This device measures humidity 
and temperature ranging between 0-100 % and -20°C to +70°C. The accuracy if the device is ±0.5°C and 
±3 % RH. However, the last calibration of the device is unknown so the measured values presented might 
fluctuate some. The recommendation is to calibrate such devices once a year. Figure 32 shows the technical 
datasheet for the device.  

 
Figure 32 Technical data for Testo 175-H2 

8.3 ESD Survey 
As mentioned previously, the electronic devices are becoming faster and the circuitry smaller, their 
sensitivity to ESD have increased and therefore controlling the humidity levels in datacentres and basic ESD 
protocols are of the upmost importance. In chapter 6.2.6 standard measures was mentioned for preventing 
ESD from occurring. They were also recognized at the manufacturing floor at Saab Ab.  

The personnel at Saab working with manufacturing have had ESD awareness training before starting to 
work with handling the components they produce. All the personnel are provided with ESD protected lab 
coats as well as ESD protective footwear. The manufacturing area is covered with antistatic floor coverings 
and is grounded at several different locations. It is important to provide a conductive path from the metallic 
floor structure to the ground. The number of points for providing grounding depends on the area of the 
room. The personnel is also provided with ESD wristbands. The working desks are grounded to the floor 
in order to allow a path for the charge to go into the ground so that an electrostatic discharge can be avoided. 
The tools at their disposal are also ESD protected as well as the chairs. Figure 33 is an example of an ESD 
protected area or workstation, also known as EPA.    
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Figure 33 an example of EPA (Vermason, 2007) 

An ESD protected area (EPA) is a space within all objects, surfaces, people and sensitive devices are kept 
at same electrical potential, usually achieved by using materials that can be grounded. This is how they have 
protected the manufacturing parts at Saab in Järfälla from ESD problems.   

9 Energy saving measures 
Chapter 9 lists possible energy saving measures that could be implemented at Saab Ab in Järfälla Sweden. 
As well as payback periods for some of the suggested measures.  

9.1 Humidification system at B2 
A company called SIBE installed the current humidifying systems at B2. They provided Saab with their 
water consumption calculations and the reference set points. Measurement was performed at the Zon 1 
Produktionshall 4A, which is the largest zone, humidified with their systems. According to their calculation, 
this zone consumes 352 m3/ year water, a share of 24% of the total water consumption. The total water 
consumption according to them is 1478 m3/year. They have calculated the water consumption to 172 
litres/hour. According to their calculations, the yearly cost for this system is 27053 SEK. From Table 14 
you can read, the water consumption, the share of the total water consumption and cost per year for each 
zone calculated by SIBE. The cost for water is assumed to be 18.3kr/m3.  
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Table 14 SIBE Calculations of water consumption and costs for different areas at Saab Ab 

SIBE Calculations Ref. 

set 
point 

Water 
consumption 
[m3/year] 

Share of the total 
water 
consumption [%] 

Cost SEK/year 

Zon 1 Produktionshall 4A 40 % 351,94176 24% 6441 

Zon 2 Produktionshall 6 25 % 104,0688 7% 1904 

Zon 3 Produktionshall 7 40 % 318,82896 22% 5835 

Zon 4 Produktionshall 8 40 % 51,08832 3% 935 

Zon 5 Produktionshall 5 40 % 113,5296 8% 2078 

Zon 6 Produktionshall 1 40 % 34,05888 2% 623 

Zon 7 Produktionshall 2 40 % 13,24512 1% 242 

Zon 8 Produktionshall 3A 40 % 260,172 18% 4761 

Zon 8 Produktionshall 3B 40 % 32,16672 2% 589 

Zon 8 Produktionshall 3C 40 % 13,24512 1% 256 

Zon 9 Produktionshall X1 40 % 60,54912 4% 1108 

Zon 10 Produktionshall X2 40 % 13,98096 1% 256 

Zon 11 Produktionshall X3 40 % 3,04848 0,2% 56 

Zon 12 Produktionshall X4 40 % 13,03488 1% 239 

Zon 13 Produktionshall X5 40 % 81,36288 6% 1489 

Zon 14 Produktionshall X6 40 % 13,24512 1% 242 

All zones  1477,56672 100% 27052,7161 

 

However, their calculations are not correct. They have calculated a theoretical water consumption amount 
for each zone with the projected values for outside air of -15C with a relative humidity of 80% as well as 
and inside air of +20C with a relative humidity of 40%. Table 15 shows an example of how they have 
calculated the water consumption for Zon 1 Produktionshall 4A. According to their calculations, the water 
consumption for this space is 40 kg/h throughout the year. While in reality, the outdoor air temperature 
and relative humidity fluctuates. During wintertime, the air is much drier than during summertime, meaning 
that the need for humidifiers is more important when the outside air is dry and therefore also a low moisture 
content.  

Table 15 Zon 1 Produktionshall 4A 

Zon 1 Produktionshall 4A Temperature  RH  Water content 

Projected outside air  -15 80 0,8 g/kgda 

Projected inside air  20 40 5,8 g/kgda 

Equation 6,696 [m3/h] x 1,2 [kg/m3] x (5,8-0,8 [g/kgda]) = 40 [kg/h] 

 

Table 16, shows the calculated values for the actual water consumption for the same zones. The difference 
now is that these values have been recalculated using the hourly values from last year for the outside air 
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temperature and relative humidity collected by the Swedish Meteorological and Hydrological Institute 
(SMHI). As can be noted, the actual values are better than the ones in the previous table, calculated by SIBE. 
The yearly water consumption for Zon 1 Produktionshall 4A has dropped from 352 m3/year to 51 m3/year, 
and the cost from 6441 SEK/year to 949 SEK/year. An improvement of more than 95%!  

Of course, the total yearly water consumption as well as the cost has dropped considerably. From 1477 
m3/year to 174m3/year and 27053 SEK/year to 3187 SEK/year respectively. These calculations where 
made based on the reference set points set by SIBE. The reference value of 0,007 kg/kgda is based on the 
40% relative humidity value set by SIBE in that zone. Each relative humidity level set by SIBE in each zone 
can be seen from the previous Table 14.  

Table 16 SIBE Reference set points for different areas at Saab Ab 

Reference set point demand 

0,007 

Water 
consumption 
[m3/year] 

Share of the total 
water 
consumption [%] 

 

Cost SEK/year 

Zon 1 Produktionshall 4A 51,83440326 30% 949 

Zon 2 Produktionshall 6 11,92748634 7% 218 

Zon 3 Produktionshall 7 14,73750551 8% 270 

Zon 4 Produktionshall 8 12,26190185 7% 224 

Zon 5 Produktionshall 5 10,45048453 6% 191 

Zon 6 Produktionshall 1 3,929382182 2% 72 

Zon 7 Produktionshall 2 1,922889153 1% 35 

Zon 8 Produktionshall 3A 15,79184329 9% 289 

Zon 8 Produktionshall 3B 8,015134578 5% 147 

Zon 9 Produktionshall X1 13,42306679 8% 246 

Zon 10 Produktionshall X2 1,33766202 1% 24 

Zon 11 Produktionshall X3 2,289817276 1% 42 

Zon 12 Produktionshall X4 9,790942837 6% 179 

Zon 13 Produktionshall X5 15,23912877 9% 279 

Zon 14 Produktionshall X6 1,212256205 1% 22 

All zones 174,1639046 100% 3187 

 

From Table 17, the different mass flows for each different humidity demand required is shown. As well as 
the yearly amounts of water and their costs respectively. The idea with this table is to show the cost and the 
amount of water needed for each demand, and possible reductions if changed. As can be seen from the 
table, the yearly costs for each demand is not very high. Water in Järfälla costs 18.3 SEK/m3. Each drop in 
the demand equals to about 1000 SEK/year in savings.     
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Table 17 various demands, mass flows and yearly cost 

Demand 
kg/kgda 

Mass flow Amount H2O Total cost 

kg/s kg/h kg/year m3/year SEK/year 

0,0055 0,00424 1,53 14451,97 14,45 264,471 

0,006 0,001986118 7,2 67689,28 67,68 1238,71 

0,0065 0,003548191 12,77 120926,59 120,92 2212,95 

0,007 0,005110263 18,39 174163,90 174,16 3187,194 

0,0075 0,006672336 24,02 227401,22 227,40 4161,44 

0,008 0,008234409 29,64 280638,53 280,64 5135,68 

0,0085 0,009796481 35,27 333875,84 333,87 6109,93 

0,009 0,011358554 40,89 387113,15 387,11 7084,17 

0,01 0,014482699 52,14 493587,78 493,59 9032,65 

 

Figure 34 illustrates the influence change in reference value has on the water consumption per year as well 
as cost per year. From Figure 34 and Table 17 it is shown that even if the yearly amount of water consumed 
is reduced significantly there is no significant reduction in costs. However, there is small savings possible by 
reducing the demand from 7gw/kgda to 5,5 gw/kgda.  

 
Figure 34 the impact change in demand has on yearly water consumption and cost  

9.2 ESD 
As discussed in the previous chapters, humidity levels and ESD occurring events are closely related. The 
humidifiers control the amount of humidity in the rooms in the facility and by controlling the amount of 
humidity it is possible to control the amount of water consumed for these systems. Hence, a potential saving 
can therefore be achieved. A measure could therefore be, to install better humidity sensors that would 
control the humidifiers by measuring the temperature and the relative humidity at various points indoors 
and outdoors. The outdoor air has a certain water content at a certain temperature, it varies throughout the 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

0

100

200

300

400

500

600

0.006 0.0065 0.007 0.0075 0.008 0.0085 0.009 0.01

Referencevalue [kgH2O/kgda]

[S
EK

/y
ea

r]

[m
3/

ye
ar

]



-52- 
 

year depending on if it is cold outside for example, than there is a low water content. If the outdoor water 
content were taken into consideration during the year than also the consumption in the humidifiers would 
vary. Also result in less water consumption and therefore companies could save money. This was proven 
more in detail in the previous chapter. Many designers often makes the mistake of over dimensioning the 
humidification capacity, which was the case with SIBE. Providing more humidity than needed results in 
higher costs and an unnecessary amount of water consumption. This measure would control the amount of 
outside air entering the system needed to satisfy the ventilation and pressure requirements as well as adding 
just enough of moisture with the humidifiers needed to achieve an ESD safe working environment.   

Table 18, shows the possible relative humidity levels able to achieve with different demands as well as the 
temperatures required. However, the air-handling units provide fresh air to the different areas with the 
temperature set at 19C and of course, the temperature increases according to the amount of electrical 
equipment releasing heat and occupancy level. This is why the temperature ranges between 19C and 22C in 
the table.  

ESD requirements suggest a relative humidity level above 40% and the humidifiers help try and reach that 
level. Recommendations within Saab is not go below 30% in relative humidity. Therefore this gives them 
an opportunity to test and see what happens if they were to supply less water into the different areas. For 
example, it might be possible to reduce the demand to 0.0055 kg/kgda and have a significantly reduced 
mass flow, hence the yearly cost for water consumption in these systems. According to the calculations the 
relative humidity levels would still be above the 30% limit they have at Saab but not according to the EPA 
recommendations. Which was a relative humidity above 40%. A reduction in the mass flow from 0,007 
kg/kgda to 0.0055 kg/kgda would mean a 92% reduction in costs. This summer the outdoor relative 
humidity level reached 70% which from an ESD perspective is good.  

Table 18 various demands, mass flows, temperatures and relative humidity 

Demand  Mass flow Temp RH Demand  Mass flow Temp RH 

 

0,0055 

 

0,000126 

22 34%  

0,0075 

 

0,001986 

22 46% 

21 36% 21 49% 

20 38% 20 52% 

19 40% 19 55% 

 

0,006 

 

0,000591 

22 37%  

0,008 

 

0,002451 

22 49% 

21 39% 21 52% 

20 41% 20 55% 

19 44% 19 59% 

 

0,0065 

 

0,001056 

22 40%  

0,0085 

 

0,002916 

22 52% 

21 42% 21 55% 

20 45% 20 58% 

19 48% 19 62% 

 

0,007 

 

0,001521 

22 43%  

0,009 

 

0,003381 

22 55% 

21 45% 21 58% 

20 48% 20 62% 

19 51% 19 66% 
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9.3 Electricity 

9.3.1 Lighting 

A proposed measure is to replace the remaining inefficient lamps with high efficiency lamps, for example 
LED, as well as occupancy sensors. Most of the lamps have already been replaced due to previous thesis 
students recommending it, however there are still a few left that can be replaced to LED.  Occupancy 
sensors are sensible to install in bathrooms, toilets, car parks, meeting rooms, common corridors or small 
storage spaces. Essentially spaces not used often and for a short time period. Two most commonly used 
occupancy sensor technologies are infrared and ultrasonic. Infrared sensors detects heat generated by 
occupants. They are ideal for small spaces such as offices and classrooms. Ultrasonic sensors discharges 
high frequency sound waves to detect occupants. They are mostly used in large areas. Due to some 
disadvantages and advantages with both technologies, there are sensors available containing both 
technologies with more effective sensing capabilities. (Jayamaha, 2006)  

9.3.2 Computers, work desks and other office equipment 

Power consumed in buildings has been decreasing due to more efficient office appliances such as computers, 
printers, and copying machines. Today, companies provide their personnel with computers with monitors 
at their work desks. Most office equipment is used only a few hours per day, leaving them in standby or idle 
mode or even switched on for the rest of the time.  

A simple measure with almost no cost is to shut off the computer screens when not using them. This also 
applies to the work desks. Most of the desks already have off switches and can therefore save a lot of energy 
if switched off after the day. However, this is more a behavioural problem. Personnel should also be properly 
encouraged to select and purchase computers with power management possibilities or energy saving features 
that can power down non-essential features while maintaining the essential functions or memory when the 
computer is in idle mode. In addition, personnel should ensure that other office equipment are switched off 
after office hours, such as printers and copying machines, so that the power consumption can be completely 
avoided during such hours.   

It was shown in the previous chapter 8.1.2, that a 63% reduction in the energy consumption was achieved 
only by switching the monitors off when they are not used was achieved.  

9.3.3 Fan coils 

Currently there are 12 fan coils in use at the production part of the facility consuming 100W in average. The 
technology has improved over the years and therefore a measure would be to switch them to new and better 
ones. One suggestion is to invest in Europe Sigma, which consumes one third of the current ones. Estimated 
price is 4000 SEK/unit. The total investment would cost 48 000 SEK. The annual saving with 12 of these 
fan coils was calculated to be 3933.85 SEK/year when working for 6000 hours. Table 19 show the payback 
time calculated and the money saved per year with different operating hours. The electricity price for these 
calculations was assumed to be 0.79 SEK/kWh, which is assumed to be a reasonable value.  

Table 19 Money saved per year and the payback time in years with different operating hours 

Investment [SEK] operating hours [h] Money saved [SEK/year] Payback Time [years] 

48000 6000 3933,85 12,2 

48000 4000 2622,57 18,3 

48000 2000 1311,28 36,61 

48000 1000 655,64 73,21 
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9.4 Ventilation 
Three air-handling units, TAFA219, TAFA218 and TAV21, control ventilation in B2. The primary function 
is to provide fresh air to the personnel working in B2 as well as control the humidity levels in order to 
prevent electrostatic discharges. Only one of the AHUs (TAFA219) have a humidifier system installed in 
order for it to control humidity levels. According to the control system, the units operate 07:00-19:00 
Monday to Friday. TAFA219 is the most recently installed AHU and already has a working humidifier 
installed. It has a projected air flowrate of 3.6m3/s, 65% efficiency and SFPv 2.12 kW/m3/s. The measured 
flow rates for TAFA218 and TAV21 is 0.351 m3/s and 2.5 m3/s respectively. This AHU has an electrode 
steam humidifier installed provided by Cond air. As discussed previously in this research, in chapter 8.2.2, 
this air-handling unit provides a good relative humidity in the rooms for controlling ESD. The humidity 
line, seen in Figure 31 is shows an average value of 47% and an average water content of 0,008 g/kg dry air 
for room B2840.  

TAFA 218 and TAV21 are much older air handling units. TAFA 218 is a smaller and older version of 
TAFA219; they both have supply and return air ducts. However, TAV21 only provides the rooms with 
supply air and blends the return airs with the supply in order to keep the humidity levels in the rooms. Both 
TAV21 and TAFA218 would nowadays, most likely be replaced with newer systems. This research do not 
recommend doing this measure due to the capital-intensive investment.  

One possible measure would be to install a separate humidifier to one of the air-handling units to TAV 21. 
Installing the same humidifier, CONDAIR EL 90-400V, ensures a safe humidity level and controlling 
system to B2. This humidifier can replace the ones installed by SIBE and most likely also save energy as 
well as water costs. Figure 35 shows the schematic of this setup.  

 
Figure 35 CONDAIR humidifier 
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9.5 Waste heat recovery 
Production of compressed air consumes about 3% of the total electricity consumption in Europe. When 
producing compressed air, approximately 80-90% of the electricity is heat losses and losses in air tightness. 
(The study on the heat recovery from air compressors, 2018) The remaining 10% is the amount of energy 
it takes to produce compressed air. Waste heat recovery systems offers an incredible opportunity to save 
energy and improve efficiency. Over 90% of the electricity consumption in an air compressor is lost as heat. 
There is a potential for reducing heating costs by recovering waste heat from air compressor as well as 
saving money. Many companies’ benefits financially from installing waste heat recovery systems. Especially 
if the working hours are long for the air compressors.  The cost of recovering warm air can be regained in 
less than a year, while hot water systems have a payback period of less than two years. One method for 
rational use of the electricity consumed in an air compressor system is heat collection, which is a by-product 
from producing compressed air. The electricity is transformed directly into compressor operation and 
indirectly into heat. This heat can be introduced to the buildings heating system and provide appropriate 
temperatures in other areas where it might be needed. As a result, the heat consumption from the grid is 
limited. Production of compresses air consumes about 3% of the total electricity consumption in Europe. 
For countries part of the EU, proposals of savings in compressed air systems were developed, with the 
possibility of financial savings. Listed below are some of the proposals: 

• Reduction of leaks 
• Reduction of pressure losses as a result from friction 
• Appropriate designs of new compressed air systems 
• Frequent change of filters 
• System upgrade 
• Variable rotary drives 
• High performance electric motors 
• Application of control systems 
• Waste heat recovery 
• Improving cooling, drying and filtration systems  

Energy cost during the utilization time for a compressor is about 78% of the total cost during a life cycle, 
as can be seen from Figure 36. It has been claimed, that improvements within energy efficiency of 
compressors bring energy savings for energy used for their running of 20-50%. (Energy Efficiency of 
Compressed Air Systems, 2014) (The study on the heat recovery from air compressors, 2018) 

 

 
Figure 36 Life cycle costs of compressed air system (Energy Efficiency of Compressed Air Systems, 2014) 
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Currently there is no heat recovery in use from the air compressors installed at Saabs facility in Järfälla. 
Meaning that all the dissipated heat goes to waste. A recommended measure is to install exhaust air heat 
pump systems to this room. This allows waste heat to be recovered and repurposed. An advantage with this 
system is that it does not require a balanced mechanical air system, since the waste heat is used to preheat 
how water for domestic use or for space heating. There are three common heat pump configurations:  

• Air to Liquid systems 
• Air to Liquid & Air systems 
• Air-to-Air systems used to supplement Air-to-Air heat recovery. 

The most common one is the air to liquid heat pump system where the evaporator is located in the exhaust 
air stream, to extract heat from the outgoing air. The condenser is located in the reservoir tank to increase 
the water temperature. With a plate heat exchanger and an accumulator tank installed, the waste heat from 
the room can be recovered and stored for later use for the buildings heating demand. From the air 
compressors, 90% of the electricity consumption is dissipated as heat and possible to recover. The 
measurement of the most recent installed compressor shows an average electricity consumption of 33.25 
kWh. The monthly electricity consumption is 10.5 MWh and a yearly consumption of 126 MWh 
respectively. This gives an amount of 113.4 MWh dissipated heat and 10 % is assumed to be generated as 
heat losses, which leaves 102 MWh.   

However, these values are for the most recently installed compressor, also most probably the most efficient 
one, so the actual yearly amount of dissipated heat is much higher than this since there are three working 
compressors. Due to time restriction and other boundaries, this was the only compressor able to measure.  

The cost for a plate heat exchanger provided by Wolseley costs 8356.61 SEK and the accumulator tank will 
cost 2285 SEK from Reflex. This installation is estimated to take approximately 80 hours which will cost 
36 000 SEK. The system also need pipes and a pump. The piping cost is estimated to 20 000 SEK and the 
pump will cost 7920.67 SEK. This gives the total cost of 74 562.28 SEK for this installation. The annual 
cost saving was calculated to 51 022.59 SEK. The electricity price is assumed to be 0.5 kr/kWh. The payback 
time for this investment is 1.46 years. Figure 37 shows an example of the recommended measure.  

 
Figure 37 Example of a waste heat recovery system (Trust, 2018) 

9.6 Summary of Tech review and Analysis 
Table 20 is a summary of the technologies suggested and their potential savings along with the solutions for 
each of them. The most promising is tech 1, installing a heat exchanger in order to take advantage of the 
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waste heat dissipated from the air compressor. New fan coils have the potential to reduce the electricity 
consumption by 69% and by switching the computers and other office equipment it is possible to further 
reduce the consumption by 63%. Ground pre heat recovery systems are not further investigated since they 
are too expensive for this facility.  

Table 20 Summary table of potential improvements 

Technology Solution System part 
improved  

kWh/year 
saved 

m3/year Percentage 
saved 

Tech 
1 

Air Compressor  Install heat 
exchanger 

Waste heat 102045  81% 

Tech 
2 

Fan Coils Install new fan coils Electricity 
consumption 

4968  69% 

Tech 
3 

Computers/Screens OFF between 17-
08 

Electricity 
consumption 

38935  62,5% 

Tech 
4 

Humidifiers Install humidity 
sensors 

water 
consumption 

 
159,3 92% 

Tech 
5 

Ground pre heat 
recovery 

Boreholes heating 
consumption 

 
 

 

Tech 
6 

Air to air heat 
recovery 

Install new AHUs heating 
consumption 

 
 

 

 Discussion 
This thesis was a collaboration with the production department as well as the property management 
department. The aim was to study how energy efficient the building and manufacturing is at the facility in 
Järfälla and what possible improvements there is to be implemented. The study started as an energy audit, 
where first an assessment of the building systems was made. There had been concerns about the 
humidification system, the focus of this thesis, as well as ESD problems related to manufacturing. Therefore 
a large portion of the literature study was about the basics of ESD how it occurs and how to mitigate it 
from occurring. Humidification systems are used to prevent ESD, it is however only a prevention technique 
and not a solution to the problem. Humidification systems can be expensive since they use a large amount 
of water. In this research, the calculations showed that the current system don’t use as much water as 
expected. However, there it was shown that humidification installed in air handling units perform better 
than separately installed humidifiers across an area.  

Another finding, was that the heat dissipated from the air compressors was not taken advantage of. By 
installing a heat exchanger into the room, it is possible to recover 81 % of the dissipated heat. This heat can 
be recovered and used for other applications. This research recommends it being used for hot water 
production for showering in the gym for example. Another possibility is to use it during winter months for 
space heating using air to air heat recovery systems. The latter recommendation is however too expensive 
to be implemented into the current facility since they are planning to build a new one. Therefore using it 
for hot water production seems to be a more sensible solution at this time. Another solution thought of was 
to use this heat for pre heating the ground during summer months, however, there are no boreholes at this 
property and was therefore also considered as too expensive to implement for this facility, this measure 
could however be considered for the new building.     

Historically, static electricity and ESD have been a problem for electronics manufacturers and therefore the 
control of static electricity has been of interest. As the devices are becoming smaller and faster the risk of 
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ESD has increased. Undeniably, ESD affects production incomes, manufacturing costs, product quality, 
product reliability and profitability. As discussed in this research, low humidity levels increases the risk of 
electrostatic discharges and may increase the risk of equipment failure. High humidity levels may help to 
minimize the risk of ESD events. However, there is the actual cost in terms of energy consumption in order 
to keep a specific range of temperature and humidity in the manufacturing areas. Reducing the energy 
consumption was the primary focus of this thesis while still trying to minimize the risk of ESD events. For 
a long time, having high humidity levels as a measure to prevent ESD upsets and damages. However, it has 
been proven that humidity control should not be the primary method against ESD. This research suggests 
trying to keep the humidity at a sufficient level, but also have additional prevention techniques to minimize 
the risk of ESD such as ionizers.  

Many of the findings and measures in this research can be seen as recommendations to make the building 
and the production more energy efficient. Some of the measures showed a significant opportunity to reduce 
the energy use and thereby the annual costs as well. Other recommendation are more behavioral issues, 
meaning that if the personnel would be informed of them and started following them, more waste energy 
could be avoided. In addition, there are proposals, which are too expensive to be implemented in the current 
facility. These proposals can be considered to be implemented in the new facility that Saab is planning to 
build.  

10 Conclusion 
The aim of the study was to evaluate the energy consumption in the facility, especially in the manufacturing 
division at Saab. The objective was to investigate what technologies consume most energy and suggest 
measures to reduce the consumption. Some of the measures suggested are too expensive to be implemented 
in the current facility due to lack of space as well as the fact that Saab is planning to build a new facility in a 
few years’ time and demolish this building.  

However, those suggestions refers more to the new facility, since they are still at the planning stage, in order 
to reduce the energy consumption in the future. Installing a new AHU instead of TAV21 would be a too 
expensive measure to implement at this point. This AHU is located in a small room above the manufacturing 
room and cannot easily be accessed. It is old and has no humidity control installed. It is a balancing air 
handling unit and only supplies air to the facility and circulates the exhaust air. Therefore, a cheaper measure 
would be to install a humidifier to this device by drilling a hole to the supply duct. This measure could be a 
replacement of the humidifying system installed by SIBE completely or at least reduce the water 
consumption of the humidifiers installed in the room.  

This measure, however, was hard to prove and is therefore only speculation. Without professional help from 
the Condair company, this only a theoretical measure. A more realistic measure would be to invest in sensors 
for a more accurate control of the humidity levels in room B2822. It is known from previous studies that 
high humidity levels has an important role in reducing the amount of static electricity charges generated on 
items around our environment. See Table 4. Most industries strive for a relative humidity level in the range 
of 25% to 40%. Others might have even lower standards if air ionization is used. In the aerospace industry, 
it is uncommon to have a lower relative humidity than 30%. However, if the relative humidity for some 
reason would fall below 30%, work can still go on as long as there are fan power air ionizers installed at the 
work desks. Increasing the relative humidity is not a solution to prevent ESD, it is only a simple technique 
used in order to mitigate it from occurring. However, the triboelectric process is limited by humidity control. 
It does not eliminate it from occurring; it is sort of a back-up measure. Humidity control might give the 
personnel working with sensitive equipment a false sense of security and therefore lowering their guard for 
ESD. Humidity control is an expensive measure to install, it requires water from the building, and it can 
cause damage to the building among other thing. At Saab facility, a humidifying system provides additional 
humidity to the rooms and has set points set to uphold. In this research, a measure would be to install 
humidity-controlling devices around the facility. They would interact with the air-handling unit, sensors in 
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the supply duct and exhaust ducts, so that it knows the exact amount of water that is needed. As well as, 
keep the indoor humidity and temperature at satisfactory levels throughout the year. Also, keep it within the 
ESD appropriate range. In the previous chapter, it was shown that humidity control has the potential to 
reduce the water consumption significantly. Although the water consumption reduces quite a significant 
amount, the cost savings are not as striking. It is possible to save about 2922.72 SEK annually if the demand 
is reduced from 0.007kgw/kgda to 0.0055 kgw/kgda.  

Other recommendations can be described as behavioural issues, meaning that if the personnel would be 
informed and educated of how much energy they save by following simple instructions, the facilities energy 
consumption would decrease significantly. This includes most office equipment such as computers, screens, 
printers etc. As shown in this research there is a high potential for energy savings by simply shutting the 
computer screens off when not using them. This is dependent on the willingness of the personnel to 
implement these energy savings measures. Most of the work desks at the manufacturing part of the facility 
has off switches that can be used. During a walkthrough of the floor, it was noticed that most of the work 
desks not used, had not been switched off. Meaning that there still is room for improvement. Of course, 
there is an argument for not switching some of the equipment off and that is the risk in sudden changes in 
power. However, for most of electronic devices there is another option to consider, to manually 
implementing energy efficiency measures. Most devices are equipped with energy saving modes that can be 
set through settings that reduces the energy consumption of the devices. Research have shown that such 
equipment can consume up to 50% of the buildings power consumption even when they are in standby or 
idle mode, if of course there not switched off. 

The most promising measure in this research is the waste heat recovery from the air compressors located 
in the basement. This measure has the potential to recover 81% of the dissipated heat from the air 
compressor. This measure saves  SEK annually 51 022.59 SEK. The second most promising was to replace 
the old fan coils with a newer model. This measure has the energy saving potential of 69%. The money 
saved is equal to 3933.85 SEK/year. Assuming it operates 6000 hours per year. However, it was not possible 
to get an accurate operating hour for the current fan coils. Therefore many different operating hours were 
assumed and several payback times were calculated. Assuming the fan coils operate 6000 hours per year, the 
payback time is 12 years. The current fan coils are working with AC motors and a cheaper measure is to 
switch the AC motors to EC motors, instead of buying new fan coil units. EC motors allows the fan to be 
controlled with small volt inputs. The speed can be controlled without frequency inverters between 10-
100% giving the opportunity for companies to optimize the effect according to requirements. Another 
significant reduction was achieved with the computers and working desk by simply shutting them OFF. A 
63 % reduction in the energy consumption was achieved with this measure.  

Table 21 shows the most promising measures in this research, as well as the money saved annually if 
implemented. From the table, it can be seen that by reducing the demand of water consumption in the 
humidifying system installed by SIBE, it has the highest potential saving by percentage. However, compared 
to the cost savings it is not so significant. When thinking about cost savings, the absolute highest is the 
waste heat recovery technology from the air compressors. It has a high percentage in potential savings as 
well as the highest cost savings. The second best is the new fan coils that has the potential to save 69 % of 
the current energy consumption. Also, a somewhat high cost saving. However, a small disadvantage is the 
high investment cost as well as a 12 year payback time. Therefore this thesis recommend to think about the 
potential in heat recovery, if not in the current building, at least in the new building that is to be built.    
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Table 21 Recommended measures and cost savings 

Technology Current 
consumption  

Current cost 
[SEK/year] 

Measure Savings 
[SEK/year] 

Potential 
savings 
[%] 

Lights 84 [MWh/year] 10920  Change 
remaining 
to LED 

  

Desktops, computers 
and monitors 

104 [MWh/year] 13540  Switch 
OFF  

(17-08) 

8483  62,5 

Fan coils 10,5 [MWh/year] 8323,8 Install 
new  fan 
coils 

3933,86 69 

Humidifying system at 
production 

1477 [m3/year] 27053  Reduce 
demand 

7  to 5,5 
gw/kgda 

2922,7  92 

Air Compressors 136,5 [MWh/year] 17810 Waste 
heat 
recovery 

51 022.59  81 

11  Future studies 
One result from this study is that humidity control does not eliminate electrostatic discharges from occurring 
in manufacturing of highly sensitive electronic components, such as the ones produced at Saab. It is more 
of a measure to prevent ESD, not a solution. For future studies, a recommendation is to study the 
correlation between ESD and relative humidity levels. Right now, we know that the voltage levels increase 
significantly at 20 % relative humidity and lower. Nevertheless, how strong is the electrostatic discharge at 
different humidity levels would be interesting to know! Unfortunately, in this study due to time restrictions 
and not having the right equipment available for this kind of research, a deeper investigation was not 
provided. 

Another recommendation is to do an IDA ICE model of the new building Saab is planning to build. It 
would be interesting to see the overall energy consumption of that building. Also, include the machines, 
such as the environmental temperature chambers, in manufacturing and how they influence the cooling load 
of the building. Figure 38 illustrates how the thermal energy is divided in a building in an IDA ICE model.  
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Figure 38 Example of an IDA ICE model (EQUA Simualtion AB, 2019) 

Also, there is also the possibility to use the ground to cool and heat the ventilation air by utilizing pipes laid 
in the earth or boreholes. During winters, the system takes advantage of the thermal energy stored in the 
ground, while during summer it absorbs the excess heat from the supply air. The optimum depth for pipes 
are usually 3 to 4.5 meters but this depends on the thermal characteristics of the ground. The benefits of 
such systems must be balanced by the disadvantages of such systems. Figure 39 illustrates an example on 
how to recover waste heat and reutilize it for charging a borehole during summertime.  

 
Figure 39 Example on how to recharge a borehole utilizing waste heat (Granryd, 2005) 

Table 22 shows the benefits and drawback of this system. (Havtun, o.a., 2017) This measure, however, is 
more a recommendation to be implemented in the design for the new facility that is going to be built here 
in Järfälla in a few years and is therefore a recommendation for future studies.  

Table 22 Advantages and disadvantages with ground pre heat recovery systems (Havtun, o.a., 2017) 

Advantages Disadvantages 

Free energy High installation costs 

 Requires fan  

 Requires some maintenance 
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