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PREFACE 

 

During all my education I wonder what I would like to do, but one thing I always wanted, that 

was chose something new, something that could be a challenge for me. Somewhere along my 

journey I found an interesting theme which make me feel motivated, the Energy issue that 

shows me that the world is in constantly changing and we can do something to improve the 

quality of the Earth. 

In my last master year I came to Luleå University of Technology to make my final courses, 

but I ended getting a place in this study project, involving energy efficiency. This made me 

very happy and motivates to finish my graduation.  

This project was carried out by Department of Civil, Environmental and Natural Resources 

Engineering at Luleå University of Technology and the Department of Civil Engineering at 

Coimbra University, under supervision of professor Helena Maria dos Santos Gervásio, 

professor Milan Veljkovic and Phd Pedro Andrade, I would like to express my deepest 

gratitude for welcoming and guiding me into this research. I am grateful for sharing their 

knowledge, experience and enthusiasm with me. Thank you, Pedro for your daily advice, 

support and friendship. I also would like to thank to Julien Guillon, my partner in part of this 

study, for his help and knowledge sharing. 

Most importantly also, I would like to give a special thanks to my grandparents and uncles, 

beside the moral support, their endless love, I’m very grateful to have you all. 

Thanks also to my friends during all this years, for their patient friendship, love and even the 

craziest moments that motivate me all the time when I was feeling down and thought that i 

couldn’t make something. 

To the end I save the most special persons in my life, my parents and sister, that my words 

can ever express my endless gratitude to for their support, love, patience, and also for so many 

funny moments that we shared and I will keep in my memory during my future journey. 

Without their sacrifices and encouragement, I would never believe in myself.  

I would like to dedicate this project to them but in special to my mum, she is an incredible 

woman that never quit, for her fight in all life, to show that everyone can transform the 

dreams in reality, thank you for been my inspiration mum.  



  

Sustainability of 3D Modular steel intensive building for students’ residence                                          RESUMO 

 

 

 

Safira Figueiredo Monteiro                                                                                                                                     iii 

 

 

I would like to express my sincere gratitude to all companies presented for their help during 

the construction of this study. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 



  

Sustainability of 3D Modular steel intensive building for students’ residence                                          RESUMO 

 

 

 

Safira Figueiredo Monteiro                                                                                                                                     iv 

 

 

 

RESUMO 

 

Atualmente, há uma preocupação crescente sobre a gravidade do uso intensivo global de 

energia e a consequente deterioração do meio ambiente. Esta preocupação levou à melhoria 

dos pilares do desenvolvimento sustentável nas últimas décadas. O sector da construção 

apresenta-nos um dos maiores desafios do passado. A construção, operação e a demolição 

final dos edifícios contribuem para um impacto negativo em larga escala no ambiente, quer 

em nível de consumo de material e energia, quer a nivel de uma infraestrutura ineficiente. 

(Sandy Halliday, 2008). 

O presente documento é baseado numa abordagem integrada que contempla a fase de projeto, 

construção, manutenção e, finalmente demolição de um edifício modular piloto, o qual será 

construído em Luleå, na Suécia. 

O estudo foi realizado com base em métodos de pesquisa, cálculo e software de design e 

energia. O objetivo deste estudo é analisar a sustentabilidade do futuro edificio, em primeiro 

lugar do ponto de vista energético, a fim de deterinar o consumo específico de energia, e por 

outro lado, de um ponto de vista ambiental, realizando uma avaliação completa do ciclo de 

vida (cradle-to-grave). Para completar o estudo será realizado um background da situação 

relacionada com o tema sustentabilidade. 

Os resultados obtidos visam ajudar na escolha dos melhores materiais de isolamento, 

melhores sistemas de ventilação, aquecimento e refrigeração, a fim de alcançar os valores de 

energia exigidos por lei para consumos domésticos. Estes mesmos resultados irão ditar a 

validação do edifício dentro das normas exigidas. 

A pesquisa faz parte do projeto FRAMEUP, projeto RFCS que inclui a Universidade de 

Tecnologia de Luleå, RWTH Aachen, Universidade de Liège, Universidade de Coimbra e 

também três empresas sendo elas Part AB, Suécia, Acciona, Espanha e Vallourec & 

Mannesmann, Alemanha.  

 

Palavras-chave: Construção Sustentável, Desenvolvimento Sustentável, Energia, avaliação do 

ciclo de vida. 
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ABSTRACT 

 

Currently, there is an increasing concern about the seriousness of global intensive use of 

energy and consequent deterioration of the environment. This concern has led to the 

improvement of the pillars of sustainable development in the last decades. The construction 

sector presents one of the biggest challenges in the past.  The construction, fit-out, operation 

and the final demolition of buildings contributes to a large-scale negative impacts on the 

environment, even at the level of material and energy consumption, or even because the 

inefficient structure. (Sandy Halliday, 2008) 

This document is based on a thorough study that encompasses the design phase, construction, 

use and, finally, end-of-life of a modular building, which will be placed in Luleå, Sweden. 

The study was performed based on research methods, calculation and software of design and 

energy. The aim of this study is to analyze the sustainability of the future building, first from 

an energy point of view, so as to know the specific energy consumption, and on the other 

hand from an environmental stand point by leading a complete life-cycle assessment (cradle-

to-grave).To complete the study a background of the situation relating to the sustainability 

theme I provided. 

The results obtained from this current work aim to help in the selection of better materials for 

isolation, better systems of ventilation, heating and cooling in order to reach the energy values 

demanded by law for domestic consumptions. These same results will dictate the validation of 

the building inside of the required norms. 

 

The research is part of project FRAMEUP, project RFCS that includes the University of 

Technology of Luleå, RWTH Aachen, University of Liège, University of Coimbra and also 

three companies, Part AB, Sweden, Acciona, Spain and Vallourec & Mannesmann, 

Deutchland.. 

 

Keywords: Sustainable construction, Sustainable development, Energy, Life cycle assessment
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1 INTRODUCTION 

“It is not the strongest of the species that survives, is the most intelligent. It is the one that is 

the most adaptable to change.”-Charles Darwin. 

1.1 Sustainability 

Sustainability is not a new concept, but only recently the wider public has become conscious 

of it. Especially the noticeable global warming and the media attention (for example the book 

and movie “An inconvenient truth” by Al Gore) led to this improved consciousness about our 

situation. 

There was an event that maybe marked the big beginning of the sustainable development, the 

“First Earth Day” realized in 1970. An estimated 20 million people participated in peaceful 

demonstrations across the U.S:". . . on April 22, 1970, Earth Day was held, one of the most 

remarkable happenings in the history of democracy. . . “(Nelson, 1993) 

 

After almost 20 years, the United Nations released the Brundtland Report, in 1987, which 

included what is now one of the most widely recognized definitions: "Sustainable 

development is development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs” 

 

The world is nowadays growing in a high speed at all levels, industry, population, innovation,  

this leads us to think that to maintain the quality of life of all that surround us it is necessary 

to sacrifice land resources, causing serious problems in the quality of the earth. With this 

concern, the population has come to turn heads to this subject increasingly; the idea that Earth 

cannot supply forever our lifestyle is making changes in people’s actions. These changes have 

made all governments create a new concept and rules of sustainable development, to achieve 

the balance between land resources and the quality of human life.  

 

There are several terms to describe sustainability, as the one mentioned above, however the 

following definition suits better in what this project aims to transmit:” Sustainability is living 

within the limits of Earth's ability to provide the materials for our activities and absorb waste 

and pollution that our activities generate "(Halliday, 2008). 
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Even knowing that the concept of sustainable development has been debated worldwide since 

long time and despite the consensus on its importance, there is no agreement on a more 

detailed elaboration of the general definition. But, since the 90s, it is from public 

acknowledged that there are three important dimensions within the concept (Figure 1), namely 

the economic, environmental and social aspects (Barrow, 1997, Waage et al., 2005). 

All these terms must interact in harmony to achieve the balance without compromising the 

future. 

 

 

Figure 1: The three spheres of sustainability (Greenprint for survival weblog, 2008) 

 

1.2 Construction and sustainability 

The World’s population reached 7 billion inhabitants in 2011 and is expected to increase until 

9 billion until 2050 (UNEP, 2011). This growth of society and technological development 

without a suitable planning led the world to a serious problem: environmental degradation and 

the extreme inefficient use of energy. To decrease the impact caused human activities, the 

new concept of sustainable construction had appear. 

These practices have created new concepts for projects, creating a new open mind into the 

society about the changing in their own habits. The resulting works are rooted in the same 

good deeds, both during the execution of the work, and after the effective use of its occupants. 
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The construction sector is one of Europe's biggest industries, representing around 10% of 

Gross Domestic Product (GDP) and 50,5% of Gross fixed Capital formation. It employs more 

than 12 million European citizens and it is estimated that 26 million workers in the European 

Union depend in one way or another, on the construction sector (CEN, 2009). 

Building construction industry consumes 40% of the materials entering the global economy 

and generates 40-50% of the global output of greenhouse gases. It is thus essential to involve 

the building construction industry to achieve sustainable development in the community (Asif 

et al, 2007). 

The terminology, Sustainable Construction, was originated at the Powell Center in 1992 and 

the First International Conference on Sustainable Construction, organized by the Powell 

Center and Task Group 16 (Sustainable Construction) was held in November 1994 in Tampa, 

Florida. (Kibert, 2003). 

According with Lenssen (1995), half of the energy used to make and operate buildings is used 

for the heating, cooling, ventilation, and lighting. Designs that co-opt natural forces to do the 

same thing are the biggest way to reduce the environmental impact of new buildings and to 

save money. Position of the windows to capture sun in winter, along with insulation and 

airtight construction, can cut heating needs in more than 97%. Similar techniques can 

eliminate air conditioners in hot climates. Simply planting trees near buildings can cut cooling 

needs up to 30%. By a correct design of the structure it is possible to predict all the parameter 

above described, in order to achieve greatly reduced energy profiles. 

In Europe, people spend, on average, 80% to 90% of their time inside the buildings. (Lenssen, 

1995). So since the house is one of the places where the people spend the most of their time, it 

is necessary to increase the methods of design and construction, because those steps have a 

significant effect on the health of building occupants and can result in buildings with 

maintenance, heating and cooling expensive, particularly affecting the elderly and the 

disadvantaged social groups. 

So the design, construction and renovation of high-performance sustainable buildings requires 

careful consideration during the planning, design, construction, renovation and operation 

phases of the buildings life. This evaluation examines the integration of all building 

components and systems to determine how they best work together in a sustainable manor to 

save energy, reduce environment impact and provide a quality indoor environment for 

occupants. 
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Passive environmental systems, drawing on natural light, natural air movement, thermal mass, 

temperature gradients,  can deliver satisfactory performance while using much less energy 

than their mechanical equivalents.  

This can be achieved by using energy programs that combine the design, construction and 

interior systems. All together can possible make an overall study about the behavior of that 

specific building. 

The way in which structures are procured and erected, used and operated, maintained and 

repaired and finally dismantled or demolished, constitute all the complete cycle of sustainable 

construction activities.  

In sustainable construction, reusability and ease of changeability are necessary properties, in 

particular for modular products and systems with different service lives. 

“Sustainable Construction results from the application of the principles of Sustainable 

Development to the global cycle of construction, from raw material acquisition, through 

planning, design, construction and operation, to final demolition and waste management.” 

(Du Plessis et al., 2002). 

A sustainable construction approach brings environmental, social and economic benefits to a 

construction project encompassing all the three factors of sustainability development (Figure 

2). From that perspective, concrete achieves high valuable properties as a construction 

material limiting the impact of a building or infrastructure on its surroundings. 

 

 

 

 

 

 

 

 

Figure 2: Sustainable construction approach (Gervásio, 2012) 
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1.3 Environmental performance 

In order to assess qualitatively and quantitatively the impacts and to propose measures to 

reduce them, the standpoint of sustainability have emerged since the 90s.Since then several 

approaches and systems for assessing the environmental performance of buildings and 

support implementation of practices, measures and more sustainable solutions, have been 

progressively adopted. (Pinheiro, 2006) 

Regarding construction materials and products, it is important define a life cycle study to 

improve environmental performances of buildings , including construction works as well, 

because of the waste, transportation, energy consumption to erect the building. Standard 

construction products can be nowadays changed by ecological, environmental friendly ones 

that will significantly contribute to reduce a building’s environmental impact throughout all 

its lifetime. Construction products need to be viewed in terms of functional units, how they 

perform throughout the life-time of the construction works, in which they are installed and 

what happens to them when deconstruction or demolition takes place. 

The quality of the indoor environment of buildings is an essential element for the health for its 

occupants (Organization, 2009). Bio-climatic considerations and good ventilation can also 

reduce or even eliminate the need for air conditioning in the summer months whilst reducing 

the amount of energy required for heating in the winter  

Governments, industries and all other sectors started to take environmental decisions as 

producing less waste, using recycled materials or even start to use more the digital system 

instead the traditional paper, adopting systems more energy efficient. But of course, there is 

one thing that we need to keep in mind, it is not only the big sectors that influence this 

problem, our own actions, starting in home, can change at a big scale the present problem and 

only accepting this and trying to change it, that it will be possible to create a consistent 

sustainable society. 

1.4 Goals of the project 

The main objective of this project is to provide a full integrated full sustainability analysis of 

a pilot modular building. This target includes the application of a methodology for the 

calculation of the energy need for heating, cooling, ventilation, hot water, among other 

parameters, and the environmental analysis, which consists in the development of an existing 

evaluation method to have an integrated life cycle approach of the entire building. 
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In order to achieve this main goal a secondary goal is the compilation of an inventory of all 

the building materials, to know the total amount that wll be necessary and subsequently 

provide data to realize the LCA study. 

To complete this study a review of existing literature and methodologies surround the Life 

Cycle Assessment methodologies is provided 

In addition, existing standards and normative documents regarding Life Cycle Assessment 

and sustainable construction are taken into consideration. 

 

1.5 FUNDAMENTAL RESEARCH QUESTIONS 

 

The one major issue which follows the line of thought throughout this study is: is this pilot 

building a sustainable construction? 

Different questions can be focus within the research: 

1. How can the environmental performance be improved? 

3. What can influence the energy performance of building? 

4. The building comply the energy Swedish requires? 

 

1.6 STRUCTURE 

This document is divided in six main chapters that explain all the process that lead to this 

final work. 

 

The current chapter, Chapter 1, is intended to give an overall approach about sustainability in 

the society and in the construction sector, environmental performance and the goal of the 

project.  

 

Chapter 2 provides a background of the standardisation that this project is based on. It 

presents a short review on related standards and regulations in Sweden, and a complete 

explanation of the life cycle assessment. 

 

Chapter 3 gives a brief explanation about modular construction, and the benefits of it to the 

sustainable environment. 
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Chapter 4 shows some developing methods in the world to performance of buildings. 

 

Chapter 5 focuses on the case study presented, provides all the information about the building, 

the design, the assumptions to make the study, the main results and a discussion about the 

results obtained. 

 

Chapter 6 resumes all the project main conclusions about all the study done. 

Recommendations are made to address what were considered the main obstacles in this 

analysis. 
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2 STATE OF ART 

 

In this chapter a summary of the standards related with the sustainable construction, a review 

of environmental analyses for construction and a research of this subject are provided. 

The purpose of this chapter is to understand the development of the regulations and to 

understand the lifetime line of this concept, which is in constant development. 

2.1 Standardisation 

In the last couple of years, the standardisation of environmental impact assessment of 

buildings has increased. Two organizations play a major role: the International Organization 

for Standardisation (ISO) and the European Committee for Standardisation (CEN). 

The European Committee for Standardisation (CEN) has already done much to create a 

common language for declaring the performance of products but small steps has been done to 

rationalize the numerous different levels and classes of performances that are found nowadays 

in the construction practices of the different Member States. There is a need for bigger 

cohesion between the national legislation of each government and the specifications at EU 

level, when we speak about construction standards. 

 

In relation to ISO, the following standards were produced: 

 

- ISO 15392:2008: Sustainability in building construction – General principles. It   is based on 

the concept of sustainable development as it applies to the life cycle of buildings and other 

construction works, from their inception to the end of life. 

 

- ISO/TS 21929-1:2006 Sustainability in building construction – Sustainability indicators  

 

- ISO 21930:2007 Sustainability in building construction Environmental declaration of 

building products. (ISO 21930, 2007) The standard provides the specifications and 

requirements for Environmental Product Declarations fo buildings (EPD). 

 

- ISO/TS 21931-1: 2006 Sustainability in building construction – Framework for methods of 

assessment for environmental performance of construction work. 
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The CEN TC 350 “Sustainability of construction works” is developing standardised methods 

for the assessment of the sustainability aspects of both new and existing constructions since 

May 2005. Moreover they are developing standards for the EPDs of construction products. 

 

CEN/TC350 standards provide the horizontal EN-standardised methodology and indicators 

for the sustainability assessment of buildings using a life cycle approach in a transparent way 

(Figure 3). This is the main principle in the CEN/TC350 standards, because without a long-

term perspective and life cycle approach it is not appropriate to refer to sustainability. 

(CEN/TC 350 Sustainability of construction works, 2012) 

The purpose of these standards is to provide calculation rules for the assessment of the 

environmental performance of new and existing buildings. 

 

 

 

Figure 3: CEN/TC 350 SUSTAINABILITY OF CONSTRUCTION WORKS: different levels 

of standards 

 

The current work of CEN TC 350 on the sustainability of construction works is a starting 

point towards the development of a European sustainable building passport. There is clearly  

still a need for research and work to develop and standardise life-cycle data on environment  

and health impacts on European basis, taking into account the assessment tools in use in  

several Member States (i.e. BREEAM in UK, Total Quality in Austria and the work carried  

out by the European LCA platform). 
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2.2 Regulation in relation to building physics 

This project aims to present a sustainability analysis of a building locate in Sweden. Therefore 

this sub-chapter purposes to introduce Swedish regulations about building indoor environment 

and also European standards. The most important presented parameters that are considered 

when a new house is designed are to offer a healthy indoor environment and a solid and 

reliable construction performance. 

In the beginning of this decade, the Swedish Government and the Swedish Trade Council 

initiated a public-private partnership in order to develop a Swedish concept for sustainable 

urban development, based on Swedish technology, knowledge and experience: the 

SymbioCity concept. This concept has been developed, refined and implemented all over the 

world since the beginning of this decade (Boverket, 2009). 

In Sweden, new builds and renovations/extensions are subject to the rules set out in the 

National Board of Housing, Building and Planning's building code, BBR. (Boverket, 2009). It 

sets out a number of requirements with which the finished building must comply.  

Boverket is the national agency for planning, management of land and water resources, urban 

development, building and housing. This agency represents Sweden in the European 

Commission, and works for the implementation of EU directives in the Swedish legislation. 

To ensure effective implementation Boverket also provides information to those engaged in 

planning, housing, construction and building inspection activities. 

In November 2005, the Swedish parliament adopted 72 interim targets to concretize the work 

towards reaching the goals. One of the interim targets, within the main objective called “A 

Good Built Environment”, applies among others to energy use in buildings Naturvårdsverket: 

“Total energy consumption per unit area heated in residential and commercial buildings will 

decrease, with target reductions of 20% by 2020 and 50% by 2050, compared with 

consumption in 1995. By 2020 dependence on fossil fuels for the energy used in the built 

environment sector will be broken, at the same time as there will be a continuous increase in 

the share of renewable energy” 

Sweden is a very development country and mostly open mind to changes.Sweden try all the 

time to be in first to new developments. For example, in 2001, the first passive house in 

Sweden was designed and built in a town near Göteborg, proving to the Swedish building and 

housing industry that it is possible to build houses with practically no heating supply, even in 

a Scandinavian climate.  Ever since, the major development of passive houses in Sweden has 

been concentrated to the west coast.  
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Approximately 2,000 homes in Sweden are now built with passive house level, and it has 

been a great increase in the number of office buildings with energy label B or better, but not 

much has happened at area development level (Jensen, 2012). 

So, it is expected that in the next years Sweden will increase the energy performance level at 

global scale. This year the Nordic Passive House Conference will be held in Gothenburg 15-

17 October 2013, the conference will have two main themes, energy renovation and energy 

efficient area developments. So all this targets will be discussed, and the plans for the future 

in the way to Sweden become one of the most sustainable countries in the next follow years. 

 

 

2.2.1 Thermal Insulation 

According with BBR (Planning, 2011), the building's energy use in a building is the total 

energy per year that need to be supplied to a building for heating, comfort cooling, hot water , 

lighting and all the auxiliaries that he building need. This energy if divided by reference area 

will give us the building's specific energy use that will be expressed in kWh/m2 per year.  

This reference area includes all the internal building spaces that will need to be heated more 

than 10 ºC. So to be more accurate will be all the conditioned areas of the entire building. 

 

To set limits to the energy use, Sweden is divided into three climatic zones ( Figure 4), south, 

center and north with different energy criteria. There are different requirements for residential 

buildings and commercial buildings, and whether the building is planned with electric heating 

or other heating systems: 

 

Climate zone I -Counties of Norrbotten, Västerbotten, Jämtland.  

Climate zone II- Counties of Västernorrland, Gävleborg, Dalarna and Värmland.  

Climate zone III- Counties of Västra Götaland, Jönköping, Kronoberg, Kalmar, Östergötland, 

Södermanland, Örebro, Västmanland, Stockholm, Uppsala, Skåne, Halland, Blekinge and 

Gotland. 
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Figure 4: Swedish climatic zones according to BBR 2011 

 

For each zone BBR sets a maximum value for the building’s specific final energy use( Figure 

5), as the building that is object of this study is set in north of Sweden ,Luleå, the final energy 

use must not exceed 130 kWh per m² of conditioned area and per year. 

 

 

Figure 5: Requirements is specific energy use in dwellings according with BBR 

 

Observation: the value chosen corresponds to dwelling with non-electric heating, because in 

Luleå the heating is made by district heating, the heat is distributed as hot water and used for 

space heating and hot tap water production. 
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2.2.2 Efficient use of Electricity 

The ventilation systems, electrical heaters, circulation pumps and more electrical advices shall 

be designed to ensure that the power requirement is limited. 

 

Energy efficiency of the ventilation system should, at the designed airflow rate, not exceed 

the values for specific fan power (SFP) indicated in Figure 6. 

 

 

Figure 6: Maximum values for SPF (Specific fan power output (Planning, 2011) 

 

Observation: Higher SFP values may be acceptable for ventilation systems with variable air 

flows, air flows less than 0.2 m3/s or operational periods less than 800 hours per year. 

 

 

2.2.3 Airtightness 

In order for a building to satisfy specific energy use requirements, it must be more than 

simply well insulated. It must also be leak tight.  

The BBR provides no specific limit values in respect of tightness. However, the importance of 

good ventilation is stressed in an advisory, because airtightness can affect the moisture level, 

thermal comfort, ventilation and a building's heat loss. 

In order to obtain a well-functioning ventilation system, the building must be free of leaks. A 

good guideline value for new builds is 0.3 l/s and m2 at a pressure difference of +/- 50 Pa.  

 

2.2.4 Comfort inside the Building 

Satisfaction with the thermal environment is a complex, subjective response to many 

interacting variables. Our perception of comfort is influenced by some variables, of course not 

all the persons are equal, and not all are affecting by the same, but according American 

Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE Handbook, 
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2011) there are some acceptable minimum values for evaluate the comfort inside a house 

(Figure 7 and Figure 8), and parameters that can cause thermal discomfort, as: 

1. Air (dry-bulb) temperature 

2. Humidity 

3. Mean radiant temperature 

4. Air movement 

5. Clothing 

6. Activity level 

 

 
 

Figure 7: Acceptable combination of indoor operative temperature and prevailing mean 

outdoor temperature according with ASHRAE 55-2010 Standard. 

 

Observation: The blue regions are the 80% and 90% acceptability comfort zones, according to 

the adaptive method in the ASHRAE 55-2010 Standard 

 

 

Figure 8: Acceptable combination of air temperature and humidity values, according to the 

PMV/PPD method in the ASHRAE 55-2010 Standard 
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As we can see the optimal operative temperature zone should be between 18°C and 23°C. The 

relative humidity need to be between 40 and 60 % to have the optimum comfort feeling, 

according with the regulation. 

 

2.2.5 Light and Comfort 

The everyday performance of our tasks it is also very dependent of the lighting conditions, 

and the visual performance. The quantity of light should be sufficient so as not subject our 

eyes to an inappropriate effort. 

 

In every lighting system, a substantial proportion of the input electrical energy is dissipated as 

heat. Through successive reflections, the visible radiation is also absorbed by room surfaces. 

Hence, variations in the lighting energy use in buildings changes the energy requirements for 

space heating and cooling. Generally, reducing the lighting energy increases heating 

requirements during cold periods while it lowers the cooling requirements in the summer. 

 

So, to take into account the effect of the lighting system, European standard NF EN 12464 

(BS EN 12464-1, 2011) recommended average values of illumination, because these values 

will change depending of the location of the site (Table 1). 

 

Table 1: Recommended values for lighting (BS EN 12464-1, 2011) 

Local Average lighting 

Corridor, laundry room 100 lux 

Bathroom 200-500 lux 

Kitchen 200-500 lux 

Living-room 50- 300 lux 

Room 100-300 lux 

 

2.2.6 Ventilation 

To achieve a good indoor quality, prevent air pollution and moisture in buildings, ventilation 

is needed. In many low-energy houses, e.g. passive houses, ventilation is also used for heating 

and cooling.  

 

Ventilation systems should be designed for a minimum outdoor airflow of 0.35 l/s per m² of 

floor area in order to evacuate excess of carbon dioxide (CO2) and other pollutants. The 

rooms need to have a continuous air exchange when used and in residential building the  
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outdoor airflow must not be lower than 0.10 l/s per m² floor area even when nobody is at 

home. There are also restrictions about the air velocity. In the occupied zone it should not be 

superior to 0.15 m/s during the heating season and 0.25 m/s during other times of year. In the 

ducts, the velocity should be inferior to 4 m/s to avoid acoustic problem like whistling. 

 

2.2.7 Energy Performance in Buildings 

This subchapter integrates the operation stage of the building in the LCA approach, but 

normally this part includes the maintenance and repair of some materials, but can also involve 

only the part of energy spend during the life time of the building. 

Improving energy efficiency in buildings is one of the most cost-effective ways across all 

sectors to reduce energy consumption and hence greenhouse gas emissions. (Agency, 2008)  

For example, insulating a home allows a building to use less heating and cooling energy to 

achieve and maintain a comfortable temperature, with this will reduce the energy demands 

and trough time the owner will save money with this improvement. 

Energy certification increases awareness of energy consumption and enables consumers to 

compare buildings, thereby providing to builders with an incentive to improve energy 

efficiency in buildings.  In majority of the cases this improvements have some extremely 

initial costs but the owner will have to think in a long-term line, because a pay-back time in 

this case maybe exceeds what they would perceive as a good return on their investment. 

A key part of this legislation is the Energy Performance of Buildings Directive (Directive 

2002/91/EC,EPBD), first published in 2002, which required all EU countries to enhance their 

building regulations and to introduce energy certification schemes for buildings. They 

established that by 20120 all new building will be nearly zero-energy consumptions. 

According to EPBD, energy performance of a building is defined as (article 2): 

“energy performance of a building’ means the calculated or measured amount of energy 

needed to meet the energy demand associated with a typical use of the building, which 

includes, inter alia, energy used for heating, cooling, ventilation, hot water and lighting” 

Assessment methodologies to reach the parameter upward indicate, generally use software 

tools to calculate energy performance and ratings, which will often be based on annual energy 

use in specific terms, such as the number of kilowatt hours used per square meter 

(kWh/m2/year). 
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Common standards have been developed to support harmonization in Europe (through the 

European Committee for Standardization ) and in North America through the Residential 

Energy Services Network (RESNET) program. These programs also reflect international 

standards contained in the International Energy Conservation Code (IECC), those of the 

American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) and 

those developed by the International Organization for Standardization (ISO).  

 

According to Environmental and Energy Study Institute (INSTITUTE, 2006) : 

A building’s location and surroundings play a key role in regulating its temperature and 

illumination. In cooler climates, designing northern hemisphere buildings with south facing 

windows and southern hemisphere buildings with north facing windows increases the amount 

of sun (ultimately heat energy) entering the building, minimizing energy use, by maximizing 

passive solar heating.  

Tight building design, including energy-efficient windows, well-sealed doors, and additional 

thermal insulation of walls, basement slabs, and foundations can reduce heat loss by 25 to 50 

percent. 

Advanced heating and cooling systems can reduce energy consumption and improve the 

comfort of the building’s inhabitants. For example, programmable thermostats automatically 

raise or lower temperatures at night or during the day when no one is present. Zone heating 

and cooling systems allow the temperature of specific rooms or different floors to be 

controlled independently 

 

2.3 Life Cycle Assessment 

This sub-chapter provides a brief description of several analytical methods for sustainability 

assessment. Life Cycle Assessment (LCA) is selected for the assessment of the environmental 

impact of buildings. 

 

To building designers, conducting LCA helps to identify the life cycle environmental impacts 

that the building that is being designed will have, including detailed knowledge about the 

contributions from various parts of the building, to guarantee that the design can be improved 

leading to the least possible impact in the end.  
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The life cycle assessment (LCA) was originally defined by the Society for Environmental 

Toxicology and Chemistry (SETAC) as a "process to assess the environmental implications of 

a product, process or activity by identifying and quantifying energy and material usage and 

environmental releases, to assess the environmental impact of these uses of energy and matter 

and emissions, and to identify and evaluate opportunities to achieve environmental 

improvements.”  

 

Since 1995, the United Nations Environment Program (UNEP) began its involvement in the 

LCA community and has been focusing on the application of LCA, especially in developing 

countries (Fava et al, 2002). In 1998 and 2000, UNEP joined forces with United States 

Environmental Protection Agency (US-EPA) and Centre of Environmental Science, Leiden 

University (CML) to facilitate an international discussion forum on two specific issues of 

scientific development in the field of LCA – the level of sophistication in impact assessment 

and the type of environmental indicators (Bare et al, 1999; 2000).  

 

This approach includes the entire life cycle of the product, process or activity, encompassing 

extracting and processing raw materials, processing, transportation and distribution, use, 

reuse, maintenance, recycling and final disposal. This definition was subsequently 

consolidated in the range of ISO Standards: 

 

•ISO 14040:1997, Environmental Management: Life Cycle Assessment– Principles and 

framework, International Organization for Standardization. 

•ISO 14040:1997, Goal and Scope 

•ISO14041 (1998), Life Cycle Inventory Analysis 

•ISO14042 (2000), Life Cycle Impact Assessment 

•ISO14043 (2000), Life Cycle Interpretation 

 

•ISO14048 (2002), Environmental Management: Life Cycle Assessment – Data 

documentation format, International Organization for Standardization. 

 

LCA must follow a certain methodology to compile all phase’s analysis, and thus define a 

uniform structure to follow, so LCA can be divided in 3 main phases’ goal and scope, life 

cycle inventory and life cycle impact assessment (Figure 9).  
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Figure 9: Methodological phases of framework of an LCA (ISO 14040, 2006) 

 

In other words, the LCA is the procedure that allows to analyze formally, the complex 

interaction of a system - a material which may be a component or set of components - with 

the environment along its entire life cycle, characterized what became known as the focus of 

the cradle to grave, that is the study that includes all the stages since the production until the 

end life (Figure 10). LCA assumes that all life stages of a product generate environmental 

impacts and must be analyzed. LCA can have different levels of conceptual approach, 

simplified and detailed (AEA, 1997) 

 

Different LCA may be considered, according to its scope: 

 

 Cradle-to-Grave: Cradle-to-grave is the full Life Cycle Assessment from manufacture 

or “cradle” to use phase and disposal phase, “grave.”  

 Cradle-to-Gate: Cradle-to-gate is an assessment of a partial product life cycle from 

manufacture, “cradle,” to the factory gate, before it is transported to the consumer. 

Cradle-to-gate assessments are sometimes the basis for Environmental Product 

Declarations (EPDs). Used for buildings, this would only include the manufacturing 

and, and perhaps, depending on how the LCA was carried out, the construction stage.  

 Cradle-to-Cradle: Cradle-to-cradle is a specific kind of cradle-to-grave assessment 

where the end-of-life disposal step for the product is a recycling process. From the 

recycling process originate new, identical products or different products. Due to the 

work of William McDonough,[9] the term cradle-to-cradle often implies that the 

product under analysis is substantially recycled, thus reducing the impact of using the 

product in the first place. 
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 Gate-to-Gate: Gate-to-Gate is a partial LCA that examines only one value-added 

process in the entire production chain, for example by evaluating the environmental 

impact due to the construction stage of a building. 

 

 

Possible contributions of LCA in every moment of the life cycle (Centre for Design, 2001) 

may be the following: 

 

• Conceptual phase: the initial phase (Phase 0), pre-assessment and concept phase (Phase 1) 

Summary of project objectives - at this stage decide on the type of building, its function and 

criteria who want to see matched. It be possible achieve outstanding performance, using 

materials with low maintenance, recyclable sources, designed for recovery in its end of life. 

 

• Design (Phase 2): this stage is carried out a briefing of the project, which by itself has little 

impact, but it is here that the consequences of the life cycle of the building on the 

environment are mostly determined by the LCA tools need be applied extensively. Nowadays 

becomes one of the most important phase because designing the structure applying tools to 

preview the use, the sun light, the ventilations systems, will be possible design in better way 

to minimize all the future loses. 

 

• Construction of Building (Phase 3): The greatest impact of this phase is related to material 

consumption and waste production.  

 

• Operation (4th stage): this is the stage in which the owner or user uses the building. The 

most important impacts of this phase are related to energy expenditure and possibly with the 

expense of water, being also consider the production of waste. At this stage, it is important 

that the guidelines on maintenance and operational management are followed. 

 

• Maintenance (Phase 4b): the most important impacts of this phase are based on the materials 

chosen for the renovation of the building over its lifetime. Here, the guidelines on materials, 

LCA tools and design / project should be implemented. 

 

• End of life (Phase 5): at the end of life of the building, or demolition phase, the guidelines 

are more appropriate to assist in the reuse, recycling and landfilling of building components, 

the most efficient way. 
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Figure 10: Building Assessment according with prEN15978 

 

“PrEN15978 Sustainability of construction works -Assessment of environmental performance 

of buildings - Calculation method”, provides the calculation method that is needed to make a 

LCA, based on rules to calculate the environmental performance of new and existing 

buildings. 

 

2.3.1 Goal and Scope definitons 

This is the first step of the life cycle analysis, and one of the most important. In this phase, it 

is necessary to refer why it’s necessary to carry out the study, which results are pretended, to 

whom the results will be presented. Basically it’s the introduction to the study, defining all the 

parameters that are needed to reach the goal, the boundaries, the type of impacts and  

 

methodology that will be carry out, the data that is available, the format of the results that will 

be present and the critical comments that are intended to be transmitted. 

 

One of the principal objectives of this phase is define the boundary of the system under 

analysis. The system boundaries regulate which unit process shall be included within the  
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LCA. Several factors determine the system boundaries, including the intended application of 

the study, the assumptions made, data and cost constraints, etc. 

 

A Life Cycle Assessment (LCA), is an evaluation of a product performance, according the 

entire life span of the product: raw material extraction, manufacturing, transport, distribution, 

use and disposal. This can be seen in figure 11 that shows in a simplified way the boundary of 

a building. Depending of the method that will be used the life cycle can have different 

boundaries. 

 

 

Figure 11: Boundary system of entire life of a building (Gervásio, 2012) 

 

 

The main stages are the production, construction, which includes the transportation, the use 

and the end of life. The system boundary is dependent of the goal of the analysis, the 

methodology chosen and even the EPD information that is available. 

 

According to CEN Standards, Module D may be included in order to quantify material 

recovery benefits or when it is pretended to have benefits of surplus energy that might be 

generated by a building. For example, a building that generates renewable PV electricity and 

exports surplus energy to the grid, can report the carbon emission reduction benefits of 

generating that additional energy in Module D, since the building also has to report the 

embodied carbon of the PV installation in Module A (CEN/TC 350 Sustainability of 

construction works, 2012) 
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2.3.2 Life Cycle Inventory 

This step is the second one in LCA .Only with a good inventory it is possible to make a good 

life cycle assessment.  Life cycle inventory (LCI) is the collection of materials emissions and 

energy inputs to the system (Figure 12). 

 

 

ISO 14040:2006 “defines life cycle inventory analysis (LCI) as: “phase of life cycle 

assessment involving the compilation and quantification of inputs and outputs, for a given 

product system throughout its life cycle.” 

 

This step is taking into account in the Environmental Product Declaration (EPD) that is 

"quantified environmental data for a product with pre-set categories of parameters based on 

the ISO 14040 series of standards, but not excluding additional environmental information". 

(environdec, 2010) 

 

Figure 12: Scheme of the inventory analysis of a product (Enslic Building, 2008) 

 

2.3.3 Life Cycle Impact Assessment 

Life cycle impact assessment (LCIA) is the third phase in the life cycle assessment (LCA) 

methodology. Life cycle impact assessment (LCIA) converts the ‘inventoried’ flows into 

simpler indicators. In a LCIA, essentially two methods are considered: mid-point methods and 

end-points methods (Figure 13). 

 

In the mid-points, flows are classified into environmental themes to which they contribute. 

Themes covered in most LCIA studies are greenhouse effect, natural resource depletion, 

stratospheric ozone depletion, acidification, photochemical ozone creation, eutrophication, 

human toxicity and aquatic toxicity. These methods aim at simplifying the complexity of  
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hundreds of flows into a few environmental areas of interest. The end-point methods also start 

by classifying a system’s flows into various environmental themes, but they model the 

damage of each environmental theme according to its effect on human health, ecosystem 

health or damage to resources.  For example, acidification – often related to acid rain – may 

cause damage to ecosystems, but also to buildings and monuments (UNEP/SETAC). 

 

The first impact assessment methodologies for Life Cycle Assessment, termed Life Cycle 

Impact Assessment methodologies, can be traced back to 1992: 

 

 EPS (Environmental Priority Strategies) methodology based on endpoint modeling 

expressing results in monetary values. 

 Swiss Ecoscarcity (or Ecopoints) based on the distance to target principle. 

 CML 1992 (Dutch guidelines) methodology based on midpoint modelling. 

 

 

 

Figure 13: UNEP/SETAC scheme of the environmental LCIA framework, linking LCI results 

via the midpoint categories to damage categories (adapted from Jolliet et al., 2003a). 

 

2.3.4 Normalization and Weighting 

Normalization is an optional element of the phase of impact assessment, which shows the 

degree of contribution of each category of impact on the global environmental problem. 

(Stranddorf et al., 2005) 

In the normalization we seek to determine the significance and validity of this figure 

comparing it with a reference value that can be according with the geographical area.  

 



 

Sustainability of 3D Modular steel intensive building for students’ residence                  STATE OF ART 

 

 

 

 

Safira Figueiredo Monteiro 25 

 

 

Normally each method of impact evaluation applies different normalization factors to the 

impact categories according with the reference values that the method supports. 

 

In calculating the normalization reference, the area and year of study need to be set 

throughout the analysis for each impact under examination, because there are impacts that 

only can be normalize according whit the local where they occur. For the global impact 

categories as for example the Global Warming Potential (GWP), whole world is affected by 

this parameter it can be use a global reference to determine this value. 

 

The weighting factors of each impact category represent the relative importance of each 

impact category on the environment. For example, the impact category "Water Consumption" 

can have great importance in countries suffering from drought, whereas in countries with 

plentiful supplies of water its relative importance is smaller, with the quality of waste water 

impacting more. 

Evidently each method of impact evaluation considers particular weighting factors for each 

impact category. For example, the Ecoindicator '99 method applies weighting factors of 400 

for the categories "Health of the people" and "Quality of the ecosystem", and a factor of 200 

for the "Resources" category. (Stranddorf, Hoffmann, & Schmidt, 2005) 

 

2.3.5 EPD 

Environmental Product Declarations (EPDs) are defined, in ISO 14025 and ISO 14040 series 

of standards. They offer an international standard of communication that compare and 

describe a product’s environmental impact throughout its entire life cycle from cradle to 

grave. To create reliable EPDs, they must follow the same rules and guidelines called product 

category rules (PCR). PCR determines what information should be collected and how that 

information should be assessed for an environmental declaration for a determined product. 

One EPD have three main parts: 

1-Description of the company and product: description of the manufacturer and the product, 

the functional unit, to which all calculations are referred. 

2-Environmental performance: this part is the core of an EPD. It is based on a life cycle 

assessment of the product, which means that all processes from extraction of resources, 

refining of raw materials, transport and production are included. In most EPDs, important air 

and water emissions are expressed both as inventory data and as potential influence on 

different environmental impact categories, for example global warming (GWP). 
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3- Information about the company and the accredited certification body. Name and address of 

the company’s contact person and the certification body, period of validity of the certification 

and references are given in this part. An EPD certified by a third party is valid for three years. 

If important process changes are made during the period of validity, updates are needed.  

It should be noted that inventory data established for a particular country or region are 

generally not directly applicable to other countries or regions, because this data requires the 

regulations that are used in the country/place where will be applied that study. 

 

There are a number of different LCI databases worldwide, both publicly available and 

privately held. They may be managed by national/local governments or are proprietary 

products of consultants, research institutes, or industrial associations. Some of the industry 

owned data are made available for use in other databases, e.g. data from the Association of 

Plastics Manufacturers in Europe (APME) and the International Iron & Steel Institute, 

Ecoinvent database,BEES, the Portland Cement Association (PCA). 

The simplest software tools are spreadsheets, in which material quantities can be entered 

according with the user. 

 

 

 

2.4 TOOLS 

This sub chapter will provide an idea of current LCA practice. Within many scientific 

reports a more extended elaboration on the different available tools is provided, 

amongst others REGENER (1997), IEA Annex 31 (IEA, 2004d) and PRESCO 

(Peuportier & Putzeys, 2005).  This analysis reveals that is difficult, if not impossible, 

to compare the available tools and their results. Some tools are suitable to rating the 

building according their performance, materials, another make the entire LCA 

analysis of a building and some only analysis the products. So will be present the two 

different main tools integrating the sustainability applied to a building. 
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2.4.1 RATING SYSTEMS 

In LCA studies there is the rating system method that are used to classify buildings 

according specify values adopted. This rating system is as environmental certification 

that facilitates an objective assessment of how environmentally sustainable a building 

is. A certification system provides a certificate and performance report for buildings, a 

strong request nowadays. 

The two most widely adopted tools of rating are the UK Building Research 

Establishment Environmental Assessment Method (BREEAM) and the international 

Leadership in Energy and Environmental Design (LEED) system. 

BREEAM was the first commercially available environmental assessment tool for 

buildings and was established in 1990 in the UK. BREEAM is an environmental 

classification system from Great Britain, developed and administered by BRE, which 

was previously a government institute but which is now owned by an association of 

industry players. The system has existed in revised versions since 1990 and is the 

most distributed of the international systems in Europe.  (Haapio & Viitaniemi, 2008). 

The LEED™ Green Building Rating System has been developed and administered 

by the U.S. Green Building Council, which is a non-profit organization. The first 

version came out in 1999. Consists of a suite of rating systems for the design, 

construction and operation of high performance green buildings, homes and 

neighborhoods 

Sweden is been developing own systems raising to this category, The Sweden 

Green Building Council, that  is a nonprofit organization owned by its members, open 

to all companies and organizations within the Swedish construction and real estate 

sector. The association promotes green building and to develop and affect the 

environment and sustainability in the industry.  The organization operates in 

accordance with the rules and intentions stated by the World Green Building Council. 

20011 Sweden Green Building Council participate in developing a LEED 

International, to be used for the LEED-certification of buildings in Sweden (sgbc, 

2010). 
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Figure 1:Environmental labeling of buildings – Rating systems (Gervásio, 2012) 

 

 

2.4.2 LCA MODEL 

An LCA tool is environmental modeling software that develops and presents life cycle 

inventory (LCI) and perhaps life cycle impact assessment (LCIA) results through a 

rigorous analytical process that adheres closely to relevant ISO standards and other 

accepted LCA guidelines. 

For tools that focus on the building industry, there are three main types of LCA tools, 

although some tools may have characteristics of  more than one class:  

 

1. Building product tools 

2. Building assembly tools 

3. Whole-building LCA tools 
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Figure 2:LCA tools based on application (Technology, 2010) 

 

 

The LCA model is the compilation of all the several steps that have been specify 

during this document. The model will contain all the standards used, the inputs that 

will be included, the database that will be used, the methodology adopted, and at the 

end we will have the results according all this steps and regulations that are applied 

in that case.The following picture show some of the LCA tools used and the 

interaction of all steps that will be behind the LCA results. 
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    Some of the mostly used tools are: 

o ATHENA® Impact Estimator  

o ATHENA® EcoCalculator 

o BEES®  

o EIO-LCA 

o EQUER 

o LCAid™ 

o Eco-Quantum 

o LISA 

o Envest 

o LCAit 

o PEMS 

o TEAM™ 

o Umberto 

o SIB LCA 

o Boustead  

o SimaPro 

o GaBi 

 

Figure 3:Typical whole-building LCA tool, the interaction between the steps of one 
entire life cycle assessment. (Technology, 2010) 
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3 MODULAR STEEL CONSTRUCTION 

 

This chapter aims to provide a brief introduction to steel construction and modular 

construction with lightweight steel, and why they have benefits. For more structural details 

consult the document (Andrade, 2010). 

 

3.1 Steel Constructions 

Environmentally friendly steel construction offer several eco benefits such as durability and 

longevity, lower building cost, more efficient transportation, less raw material wastage, high 

recycled end life product and provide a change to have faster construction combined with 

modular structures. 

With the growing population and business needs, materials are in great demand, which means 

that buildings made essentially by natural resources as timber, might soon be an unbearable 

option, so steel construction is becoming even more important. 

According with Directline Structures (Directline Structures, 2011) the use of a steel portal 

frame structure is clearly the most economical method of constructing industrial units both in 

cost and environmental impact. Structural steel can be made entirely from recycled material 

and on average contains 80% recycled steel. 

 

3.2 Modular Construction 

Modular buildings are sectional prefabricated buildings or houses that consist of multiple 

modules which are manufactured in a remote facility and then delivered to their intended site 

of use offering a faster construction on the site.  

One big benefit it is the possibility of producing and transported according to the assembling 

phase in the work site, reducing the space needed in situ. The modular production in factory 

reduces significantly the work outdoors and similarly reduces the assembling to a minimum. 

This can contribute to a shorter construction period, reducing labor, financing and supervision 

costs. 
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The modular construction presented here is based on a steel skeleton, where the modules will 

rest. Each module is using a “plug-and-play” system and it is fully equipped which permits 

that, once assembled, it is ready to use. Therefore the remains parts to be assembled are 

corridors floors, stair case, façade and roof. 

The innovative execution process remains most of all on the concept of starting the 

assembling of the building from the roof to the lower floors. The existence of a rigid frame, 

designated as Grid, permits the lifting of the building, promoting, each time the building is 

lift, a clearance on the ground level enough to assemble the next lower floor from bellow. 

Also unique to modular construction is the ability to simultaneously construct a building’s 

floors, walls, ceilings, rafters, and roofs. 

In this method all the labor is carried out at the ground level and consequently without the use 

of crane. To make this possible, attached to the structure there is a lifting system (Figure 14). 

This system must be able to lift up the structure and simultaneously support horizontal loads, 

avoiding an exaggerated swinging, and ensuring the structure integrity during construction 

(Andrade, 2010). 

 

 

 

 

 

 

 

Figure 14: Example of the lifting stage. 

 

The lifting system is to be considered as a “tool” in which is prepared to be used in other 

buildings. Thus for each building erection, the lifting system it is assembled previously and 

disassembled in the end of the execution phase. The same principal, as used in the raising of 

the building, can be considered for dismounting the building and, once again, the lifting 

system it is assembled and disassembled in the end of this operation. 
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Why Lightweight Steel Modular construction is Sustainable? 

 First, and most important: Steel is 100% recyclable leading to the minimization of 

natural resource depletion and environmental impacts. 

 Lightweight steel construction is made of low emitting materials. 

 Lightweight steel envelopes provide good insulation and controlled airflows to 

enhance the comfort and health condition of building occupants. 

 The dry and inorganic materials used in lightweight steel systems prevent possible 

moisture problems and contribute to the minimization of maintenance (Gervásio, 

2012). 

 Less Material Waste -Modular construction makes it possible to optimize construction 

materials purchases and usage while minimizing on-site waste and offering a higher 

quality product to the buyer. Bulk materials are delivered to the manufacturing facility 

where they are stored in a protected environment safe from theft and exposure to the 

environmental conditions of a job site. According to the UK group WRAP, up to a 

90% reduction in materials can be achieved through the use of modular construction.  

 Less Site Disturbance -The modular structure is constructed off-site simultaneous to 

foundation and other site work, thereby reducing the time and impact on the 

surrounding site environment, as well as reducing the number of vehicles and 

equipment needed at the site. Frame elements are delivered in time for installation 

minimizing the area needed for storage and contributing to an efficient construction 

site. 

 Greater Flexibility and Reuse -Modular buildings can be disassembled and the 

modules relocated or refurbished for their next use reducing the demand for raw 

materials and minimizing the amount of energy expended to create a building to meet 

the new need. In essence, the entire building can be recycled in some cases. 

 Improved Air Quality - Many of the indoor air quality issues identified in new 

construction result from high moisture levels in the framing materials. Because the 

modular structure is substantially completed in a factory-controlled setting using dry 

materials, the potential for high levels of moisture being trapped in the new 

construction can be eliminated. 

 Lightweight steel frames -facilitate the installation of ducts cables and other ducts, 

equipment. The lightness of the structures minimizes the impact on the ground 

allowing for reduced foundations. Easy installation of insulation materials.
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4 DEVELOPING METHODOLOGIES 

 

 

4.1 Qatar sustainability assessment system (QSAS) 

 

QSAS is a green building certification system developed for the State of Qatar. The 

primary objective of Qatar Sustainability Assessment System is to create a sustainable built 

environment that minimizes ecological impact while addressing the specific regional needs 

and environment of Qatar but, the rating schemes have been evaluated for the transition 

from local to a global scale. 

Goals of the methodology: 

 [UC] The building’s planning shall incorporate urban considerations. 

 [S] The building’s development in relation to the existing site conditions shall be 

controlled. 

 [E] The building’s depletion of fossil energy over its service life shall be controlled. 

 [W] The building’s impact on the overall water resource shall be controlled. 

 [M] The impact of the building’s use of materials on the environment shall be 

controlled. 

 [IE] The building’s indoor environment shall be controlled. 

 [CE] The building’s cultural and economic value shall be maintained or enhanced. 

 [MO] The building’s management and operations plan shall be defined. 

 

The Global Sustainability Assessment System (GSAS/QSAS) is the first of its kind 

performance-based sustainability rating system in the MENA region, developed by Gulf 

Organisation for R&D in collaboration with T.C. Chan Center at the University of 

Pennsylvania – USA, which aims at creating a sustainable urban environment to reduce the 

environmental impacts while satisfying local community needs.  
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In addition to addressing all locally relevant aspects of sustainability, ecological 

impact, and green building design criteria, GSAS/QSAS developed a standalone 

building energy standard to support Qatar’s building energy ratings.  

 

 

 

Figure 4:GSAS/QSAS Rating Schemes Development (Committee, 2012) 

 

4.2 Comprehensive assessment system for built environment efficiency 

(CASBEE) 

 

CASBEE is the green building management system created by Japanese 

assessment and certification tool for buildings that cover: 

 Energy efficiency 

 Resource efficiency 

 Local environment 

 Indoor environment 
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Four CASBEE assessment tools serving at each stage of the design process 

 CASBEE for Pre-design; 

 CASBEE for New Construction; 

 CASBEE for Existing Building; 

 CASBEE for Renovation. 

There is also a CASBEE accredited Professional Registration System for 

specialized engineers with expertise and knowledge in the comprehensive 

environmental performance evaluation of buildings who attend a special training 

course and take an exam to become accredited. 

 

Figure 5:Two assessment categories for CASBEE (Akimoto, 2010) 

 

Q (Quality): Built Environment Quality Evaluates the “improving living amenity for 

the building users. within the hypothetical enclosed space (the private property)." 

L (Load): Built Environment Load 

Evaluates the "negative aspects of environmental impact which go beyond the 

hypothetical enclosed space to the outside (the public property)." 
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ASBEE covers the following four assessment fields: (1) Energy efficiency (2) 

Resource efficiency (3) Local environment (4) Indoor environment. 

 

 

Figure 6: Classification and rearrangement of assessment items into Q and L  

(Casbee, 2005) 

 

 

Figure 7:BEE- Building Environment Efficiency indicator (Casbee, 2005) 
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5 CASE STUDY 

 

This chapter aims to provide detail information about all the process involving the project 

used as case study in this project. The project is currently in the final stage, after several 

studies including the structure strength and design, the modules conception, materials 

description and the environmental study, which is present in this chapter.  

 

All energy data, material used and the proper quantities are presented in the following 

sections. For the architectural plans and structural project consult Andrade (2010), for 

other studies about environmental performance of this project consult (Coelho, 2010)  

5.1 Site description 

The pilot building consists of a 3 story structure (Figure 15). The superstructure is 

composed of S355J2H hot rolled steel profiles and the modules with lightweight steel 

cassettes in the walls and ceiling and a concrete slab.  

The external structure has 11,485 height, including the slab foundation, which is around 

13, 5 meters long and 13 meter width, so thus the external volume is around 20.15 m3. 

The building is composed by 9 double apartments and 6 single apartments, so each single 

apartment has an area of 10.41 m² and each double has 20.81 m², the corridor has an area 

of 23 m². With all this dimensions, and knowing that only the rooms and corridor will be 

occupied, the energy reference area is 318.75 m².       

 

Figure 15: Scheme of the modular steel construction 
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5.1.1 Location 

The target building of this study is a student residential modular building planned to be 

built in the city of Luleå, Norrbotten country of Sweden (Figure 16) 

 

Figure 16: Location of the pilot building, Luleå University Campus, behind F building-Red 

line indicates the building place (Google Maps). 

 

 

5.1.2 Climate 

Luleå has a subarctic climate with short, mild summers and long, cold, snowy winters. The 

annual average temperature is of 3°C and the annual average wind speed is of 7 m/s. 

During the cold period (from October to Mars) the wind comes principally from the North 

West and during the hot period (from April to September), it comes mainly from the 

South-South East. 

The choice of the orientation of the pilot building was more complicate because there are 2 

sides with windows totally opposites, so it is difficult to benefit the 2 parts.  

The goal it is to maximize the sun heat gains for one windows side during the interseason 

and to minimize it during the summer between 12:00 and 16:00 when the sun is at its 

highest level and thus very shinning.  

2 options of windows orientation are considered, North-South and East-West (Figure 17). 

The first option was the initial choice, but in the end the second option was chosen because 

it is the best solution for the building according with his structure. 
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Figure 17:Solar position projected to 20 of May 2013, (a)  windows East-West, (b) 

windows North-South (SunCalc) - Yellow line- sunrise and Orange line- sunset 

 

The biggest difference that can be seen is that with option 1 both sides will have sun during 

all day and with option 2 , one of the side perhaps don’t get any real sun , during all day. 

 

 

5.2 Model for energy calculations 

This subchapter aims to provide the assumptions taken to design the building, in order to 

give the energy consumptions regarding the input values. It is given the details about 

dimensions, normative values that were explained in sub-chapter 2.2, and the composition 

of all the components of the building. All this is necessary to have the energy profile to the 

building according with regulation applied. 

 

5.2.1 Design of the Building 

This type of modular construction is different from traditional construction since there is a 

space between the module and the shell of the building, due to the main steel structure. The 

way to draw the building to have the right simulation its completely different from the 

traditional way, so we achieve an architecture more close to the real to achieve the energy 

consumption. The traditional exterior walls were used to model the curling wall facade 

whereas indoor partitions were used to model the walls of the module, letting an air gap 

between the two. 
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On the room windows side, the air gap is of 29.2 cm and on the corridor side, it is of 71.44 

cm. The areas corresponding to the air gaps between modules or modules/façade were set 

as semi-exterior unconditioned areas since nobody is living in and can’t access to this part 

of the building. 

Façade is closer as possible to the steel structure in order to reduce to the minimum the air 

gap with the modules and avoid losses of energy with thermal bridges. 

As in reality, the air gaps between façade and module expand from the bottom to the top of 

the building, all the semi-exterior unconditioned areas which represent the different 

horizontal and vertical air gaps were connected by holes in their floor and ceiling. It 

enables the software to consider air movement and convection phenomena in this air 

space.In the figure 18, can be seen the real design of the modules according with 

PARTAB, in the figure 19 is the modeling of the building in the design builder software. 

 

Figure 18: Plans of the modules (PARTAB, 2013) 

 

 a) b) 

Figure 19: a) Design of the interior building (Design Builder, 2013); b) Position of the 

Façade 
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5.2.2 Design Assumptions 

In this sub-section lists all assumptions about the indoor environment and mechanical 

designs the building in order to modulate it in the software. All values are in accordance 

with the rules presented in sub-chapter 2.2. 

Airtightness 

High performance buildings require in general an improved airtightness of the building 

envelope. Otherwise the desired low energy demands can’t be achieved.  

Lindab Sandwich Panels produced in Luleå sandwich panels for curling wall which have a 

tested infiltration rate of 0,2 l/s.m² under 50 Pa (inferior to the 0,6 l/s.m² under 50 Pa 

enforced by the BBR 2011). The value assumed for the simulation was 0.72 m3/h.m² under 

50 Pa. 

Vacations / Inoccupancy 

In this case was not take in account any empty days, because to be accurate would be 

necessary know when the persons where not there in order to know exactly the time in the 

year that will be empty. So to be precise the simulation was made using 365 days per year 

to give a more real quantify number of the energy usage.  

Lighting 

The recommended values of illumination and a high efficiency were used according to the 

European standard NF EN 12464-1. Thus, values of 300 lux per apartment and of 100 lux 

per corridor were assumed with a standardized power density DPN of 2.5 W/m²/100 lx. 

On average on the year, people use lighting at home 5 hours per day. For the laundry room 

and the corridor, we assumed respectively 25 minutes and 1 hour of lighting per day. It 

could be good to set a detector of presence in the laundry room and a timer in the corridor. 

People often forget to turn off the light in these two sections of the building and it 

generates electricity waste, that can be avoid using sensor systems that can shut down the 

light without presence of movement. 
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Ventilation 

The maximum fresh air flow rate chosen is of 16 l/s.person either 0.8 l/s.m² with a density 

of 0.05people/m². This value was chosen according to the standard EN 13779 resulting 

from the Energy Performance of Buildings Directive (EPBD). It guarantees a high indoor 

air quality when people are at home. The corridors are supposed to be ventilated by natural 

air circulation due to the exterior doors.  

A planning of ventilation was created for the simulation in order to control the flow rate in 

harmony with the building use and occupancy. Regulating the fresh air enables to reduce 

the heat  

The ventilation flow rate reaches its maximum during period where people are supposed to 

produce more CO2, humidity (from kitchen and bathroom), cooking smoke and toxic 

particles. When people sleep, it is reduced to half of the maximum value. When people are 

not at home, it is set to the minima and when people are at home having reduced activities, 

the flow rate is at 75% or 50% of the maximal values. 

Of course, all these values are assumptions to make the simulation possible and as realistic 

as possible; but in reality sensitive captors (CO2, presence, humidity…) should be settled 

in each apartment to regulate the fresh air entrance in a correct way. 

Internal gains 

Design Builder enables to parameter internal gains very accurately with the detailed mode, 

separating internal heat gains in different categories as kitchen, lightning, tenants, 

computing, etc. Nevertheless, this mode was not used because it demands too much 

specific information about the building use and the inhabitant behaviours. So the lumped 

mode was chosen and a value of 3.5 W/m² recommended by the Phpp (Passive Houses 

Planning Package institute) was assumed. 

A planning of occupancy was created, trying to be closer as possible to the reality, but it is 

not so easy to forecast exactly student behaviours. For instance, some of them prefer to 

work at the library during their free time where as others prefer to work at home. 

Heating system 

As every apartment will have its own mechanical ventilation unit, the heating is designed 

as a unitary single zone system with a 85% efficient heat recovery ventilation unit for each 

apartment. 
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In this configuration, it is not possible to distinguish the heating of the radiators (or the 

floor heating system) from the one of the heating battery. So, for the simulation, the 

heating of each zone is only provided by the heating battery situated after the heat recovery 

unit. 

The set point temperature at the end of the heat recovery unit is set at 18°C. That means 

that the heat recovery unit cannot heat the air more than 18°C, which is normally the 

temperature of supplied air in the apartment. The heating from 18°C to the comfort 

operative temperature of 20°C is in reality done by the radiators (or the floor heating 

system). 

The corridors are supposed to be not heated since it is not a living area but just a passing 

way to access the apartments. 

Cooling 

The cooling system is used when the indoor temperature exceeds 28 °C. The corridors 

don’t have any cooling system, natural ventilation through windows is possible and with 

more cost-benefits, because in this case, the corridors are only to the habitants pass from 

outside to their own room. 

Windows 

The software doesn’t allow draw an inside reveal depth to make the link between the 

façade and the wall of the module. So the way to make an accurate approximation was 

draw directly the window in façade and link the modules wall to the façade as if it did not 

exist any vertical air space between them as can be seen in the figure 20. 

 

 

Figure 20: Design of the windows comparing with the real architecture 
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- The model chosen is “Dbl LoE (e2=0.1) Clr 3mm/13mm Arg”, that means a double low-

emission glasses argon filled windows. 

According with design builder the characteristics are the following: 

- Ug-value= 1.514 W/m².K 

- Total solar transmission (SHGC) = 0.595 

- Direct solar transmission= 0.538 

- Light transmission= 0.769 

It is important that the three last factors are not too low, else the sun gains and daylight will 

not be optimized and it will increase the energy consumption for heating and lightning. 

Concerning the U-value, the smallest it is, the better it is for energy efficiency 

- The frame is made of unplasticized polyvinyl chloride (uPVC) also called rigid PVC. It is 

a low maintenance material and it guarantees a Uf-value of 3.8 W/m².K. 

To take into account the thermal bridges in Uw-value calculation, the formula (1) which 

includes a glass linear thermal transmission coefficient is used according to the EN ISO 

10077 standard. 

 

                                     

               𝑈𝑤 =
Ug∗Ag+Uf∗Af+φ∗l

Ag+Af
                                                           (1) 

 

Where,  

Uw = U-value of the window stated in W/m2K 

Ug = U-value measured in the middle, stated in W/m2K 

Uf = frame/sash U-values stated in W/m2K 

 

φ = linear thermal transmittance loss of the glazing spacer stated in W/m2K  

Ag = glass area stated in m2 (glass or equivalent) 

Af = frame area in m2 

Lg = length of inside edge of frame profile 
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Observations: The value Ψ for the edge seal of the glazing is first and foremost a function 

of the used material for the insulated glazing spacer. The standard material with the worst 

thermal properties is Aluminum - Aluminum spacer: approx. 0.08 W/mK. 

 

In this case study, the following values were considered: 

  

Ug = 1.514 W/m2K 

Uf = 3.8 in W/m2K 

φ = 0.08 W/m2K (Aluminum) 

Ag = 1,21m2 (1.1*1.1, size) 

Af = 0.1824 m2 (considered 4 cm thickness) 

Lg = 1.1 (interior length of the frame) 

 

Hence, the value obtained by equation (1) is 1.88 W/m².K. 

 

 

External doors 

The external door situated in the corridor should be very well insulated and have an 

automatic closing system. The maximum U-value recommended for high performance is of 

1.2 W/m².K. 

 

Internal door 

The internal doors will be the room’s door that can be made by plywood or pinewood. In 

Sweden is very common use plywood, moreover this material has a lower density so been 

the material choose to the study. If we consider a thickness of 6 cm for the door we will 

have a U-value around 0.4 W/m².K. 

 
 

5.2.3 Design Composition 

In this sub-chapter presents the composition of the walls, ceiling and floor for each 

building component. This composition is in accordance with the input values used in 

DesignBuilder in order to achieve more realistic design. 
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Wall facade  

This light-weight facade encloses the whole building, roof included. It does not contribute 

to the stability of the building like the primary steel frame structure, only ensures the 

thermal insulation and the tightness to air, water and noise to respect the regulations. The 

composition of the wall is expressed in table 2. 

Table 2: Wall facade composition 

Layer (external to 

internal) 

Thickness 

(m) 

Conductivity λ 

(W/m.K) 

Density (kg/m
3
) 

Steel sheet 0.0006 60 7850 

EPS Expanded 

polystyrene(Heavyweight) 

0.250 0.035 25 

Steel sheet 0,0005 60 7850 

  

U-value= 0.137 W/m².K 

There are no any listed values for thermal bridges, but the company which makes the 

sandwich panels calculates it from time to time with the conductivity of steel. As for the 

normal fastenings of panels, it will add around 0,003 W/m².K to the U-value. 

 

So U-value= 0.140 W/m².K with thermal bridges.  

 

To reduce the energy consumption, the roof insulation must be laid horizontally. The tilt of 

the roof is only by structural elements (steel sheets) without insulation. But in case of 

Sweden, there is the snow season so would be better in that case having a little inclination, 

as 10 % for example. 

 

Floor and foundation 

The ground adjacency is modelled with a 40 cm buried concrete slab (λ=2.3 W/m.K) over 

a 50 cm layer of cultivated clay sol. An EPS insulation layer of 20 cm (U-value= 0.169 

W/m².K) insulates the building from the ground (concrete slab). 

The floor of all modules will consist on 8 cm of concrete, and one layer of coverage, that 

can be what the company choose. 
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Module walls 

 

The composition of the module wall is expressed in table 3. 

 

Table 3: Wall facade composition 

Layer (external to 

internal) 

Thickness 

(m) 

Thermal 

conductivity λ 

(W/m.K) 

Density 

(kg/m
3
) 

Comments 

Gypsum insulating 

plaster 

0.015 0.18 600 Added for fire 

protection EI60 

Stone wool 0.050 0.040 30 Fire class A1 to 

A2 s1 d0 

Steel stud in stone wool 0.050 60 7850  

Gypsum insulating 

plaster 

0.009 0.18 600 Fire class A1 

Steel sheet 0,001 60 7850  

 

U-value= 0.582 W/m².K without thermal bridges due to steel studs 

The studs will be separate from each other in average about 500 mm and have a thickness 

of 1 mm.  

 

So solving n*2 + (n-2)*500=1000, where the 2 is the thickness of 2 studs together, 500 is 

the distance between the studs and 1000 is equivalent to one meter of distance, so for one 

meter we will have n=3.9 studs that means we will have a percentage of  0,39% . 

In design builder we will put this percentage in Rockwool layer and we will have the new 

U-value with thermal bridges due to steel studs of 0.882 W/m².K. 

The walls of the modules are not very well heat insulated. Their main function is to 

guarantee a good sound insulation and fire protection of EI60 between apartments. The 

rock wool has both good acoustic and fire properties and the two layers of gypsum board 

create a fire barrier to protect the steel structure. 

 

 

 

 

 

 

 

 

 

Module ceiling 
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The superficial resistance of the external and internal surfaces are different because the 

heat flow is vertical. The composition of the module ceiling can be seen in table 4. 

 

Table 4: Wall facade composition 

Layer (external to 

internal) 

Thickness 

(m) 

Thermal 

conductivity λ 

(W/m.K) 

Density 

(kg/m
3
) 

Comments 

Gypsum insulating 

plaster 

0.015 0.18 600 Fire class A1 

Stone wool 0.030 0.040 30 Fire class A1 

to A2 s1 d0 

Steel stud in stone 

wool 

0.050 60 7850  

Steel sheet 0,001 60 7850  

 

U-value= 0.719 W/m².K without thermal bridges due to steel studs. 

U-value= 0. 998 W/m².K with thermal bridges due to steel studs. 

 

Against to fire would be better have another gypsum plasterboard- if we assume one more 

gypsum plasterboard with thickness of 13mm we will have new U-value: 

 

U-value= 0.693 W/m².K without thermal bridges due to steel studs. 

U-value= 0. 973 W/m².K with thermal bridges due to steel studs. 

 

 

Module floor 

 

The composition of the wall is expressed in table 5. 

 

Table 5: Wall facade composition 

Layer (external to 

internal) 

Thickness 

(m) 

Thermal conductivity λ 

(W/m.K) 

Density 

Cast concrete (dense) 0.080 1.4 2100 

Steel sheet 0.003 60 7850 

 

U-value= 3.056 W/m².K 
 

 

 

Corridor wall 

The composition of the wall is expressed in table 6. 
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Table 6: Wall facade composition 

Layer (external to 

internal) 

Thickness 

(m) 

Thermal 

conductivity λ 

(W/m.K) 

Density 

(kg/m
3
) 

Comments 

Light steel frame 0.200 60 7850  

Gypsum 

plasterboard 

0.013 0.25 900 Fire class A1 

OSB panel 0.013  650 Fire class B s2 d0 

(M1) 

 

U-value= 0.908 W/m².K 

 
 

 

Corridor floor/ ceiling 

The composition of the wall is expressed in table 7. 

 

Table 7: Wall facade composition 

Layer (external to 

internal) 

Thickness 

(m) 

Thermal conductivity 

λ (W/m.K) 

Density 

(kg/m
3
) 

Comments 

OSB panel 0.020 0.13 650 Fire class B s2 

d0 (M1) 

Light steel frame 

floor 

0.200 60 7850  

Stone wool 0.050 0.040 32 Fire class A1 to 

A2 s1 d0 + 

sound insulation 

OSB panel 0.020 0.13 650 Fire class B s2 

d0 (M1) 

Gypsum 

insulating plaster 

0.009 0.18 600 Fire class A1 

 

U-value= 0.356 W/m².K 

 
 

 

Module interior wall 

The composition of the wall is expressed in table 8. 
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Table 8: Wall facade composition 

Layer (external to 

internal) 

Thickness 

(m) 

Thermal conductivity 

λ (W/m.K) 

Density (kg/m
3
) 

Gypsum 

plasterboard 

0.013 0.25 900 

Gypsum 

plasterboard 

0.013 0.25 900 

 

5.3 LCA of the case study 

The calculation methodology uses various indicators to account for all the environmental 

impacts and aspects of each product and process applied to the whole building. 

This study was conduct according with ISO 14040 and ISO 14044 normative standards. 

 

5.3.1 LCA Indicators 

The methodology to obtain the values is based in the official EPD of each product/process 

used, multiplying by the amount of the product/process used in all building, as can be seen 

in the following equation (2) using GWP parameter as an example: 

 

     𝐺𝑊𝑃𝑖 = 𝑎1,𝑖 × 𝐺𝑊𝑃𝑎1,𝑖 + 𝑎2,𝑖 × 𝐺𝑊𝑃𝑎2,𝑖 +  … + 𝑎𝑁,𝑖 × 𝐺𝑊𝑃𝑎𝑁,𝑖                              (2) 

 

 𝐺𝑊𝑃𝑖  is the global warming potential quantified for the life cycle stage i of the 

building; 

 𝑎𝑁,𝑖  is the gross amount of product or service n used in the life cycle stage i of the 

building (n = 1,2, 3, …, N )  

 𝐺𝑊𝑃𝑎𝑁,𝑖  is the global warming potential of product or service n used in the life 

cycle stage i of the building (n = 1, 2, 3, …, N)  

 

For the calculation model, an excel sheet is used to automate the method, create different 

excel sheets for each component, in order to be easier change some values, and in the end 

sum every values for each category, ad with that it is possible make the use stage of the 

building considering the percentage of maintenance applied to the production stage will  

 

 

give us the emissions during the life time of the building according with maintenance and 

repair. 
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The following environmental indicators are considered:  
 

 Climate change – Also referred as Global Warming Potential (GWP); its unit is 

kilogram of CO2 eq. (carbon dioxide equivalent). 

 Destruction of the stratospheric ozone layer – Also referred as Ozone Layer 

Depletion Potential (ODP); its unit is kilogram of CFC-11 eq. (trichlorofluoromethane 

equivalent). 

 Acidification of land and water sources – Also known as Acidification Potential 

(AP); its unit is kilogram of SO2 eq. (sulphur dioxide equivalent). 

 Eutrophication – Also named Eutrophication Potential (EP); its unit it kilogram of 

PO4 eq. (phosphate equivalent). 

 Formation of ground level ozone expressed as photochemical oxidants – Also 

referred as Photochemical Ozone Creation Potential (POCP); its unit is kilogram of C2H4 

eq. (ethylene equivalent). 

 

In addition, the following indicators were also taking into account: 

 

 Use of non-renewable resources other than primary energy (in kg) 

 Use of renewable resources other than primary energy (in kg) 

 Use of recycled/reused resources other than primary energy (in kg) 

 Use of non-renewable primary energy (in MJ) 

 Use of renewable primary energy (in MJ) 

 Use of freshwater resources (in m3) 

 Components for reuse (in kg) 

 Material for recycling (in kg) 

 Material for energy recovery (in kg) 

 Exported energy (in MJ) 

 Non-hazardous waste to disposal (in kg) 

 Hazardous waste to disposal (in kg) 

 

 Radioactive waste (separated from hazardous waste) (in kg) 
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5.3.2 Building Mass Quantification 

The total amount of material used in this study was made using excel as a tool, to be easier 

to input all the variables, ad to be possible change values quickly. The values obtained are 

based in the draws provide by the company that produces the modules, and by the 

structural designer of the building. Using the dimensions provided, and some little 

assumptions, it was possible to make a study of the amount necessary to each material that 

will be used in the construction. A complete bill of materials, used in this study, is 

provided in Appendix A. 

 

5.3.3 Environmental Data 

For this study, different EPDs were used, which were found in some databases online, in 

some companies that provide some materials, and using software’s databases, as SimaPro 

and GaBi. Appendix B provides a table of the EPD considered. 

 

5.3.4 System Boundaries 

This subchapter gives a brief qualitative explanation about the assumptions made to the 

boundary that was applied in the study. Only the stages considered in the study will be 

explained. 

 

BOUNDARY OF THE PRODUCT STAGE  

The boundary used was Cradle-to-grave that is the full Life Cycle Assessment from 

resource extraction ('cradle') to use phase and disposal phase ('grave'). All inputs and 

outputs are considered for all the phases of the life cycle. But most of the products only 

had cradle-to-gate values because is the basis for environmental product 

declarations (EPD) termed business-to-business EDP.  

BOUNDARY OF THE CONSTRUCTION PROCESS STAGE 

Boundary of the transport to and from site: 

The transportation to the construction considered was the following: 

Modules: from Kalix – 80 km until the construction site 

Steel structure: from Piteå- 60 km until the construction site 

For the quantification of transport impacts all materials are considered to be carried in a 

truck-trailer class 3, each truck an take 3 modules, will be needed 4 trucks or 4 travels 

between Kali and Luleå. 

http://en.wikipedia.org/wiki/Environmental_product_declarations
http://en.wikipedia.org/wiki/Environmental_product_declarations
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The calculations that led to impacts were based on the distance travelled by the truck and 

the load carried. 

Boundary of the on-site processes: 

In this stage was take in account a way that the building will be construct, the days that 

take each floor need to be construct and how the lift system will be work. 

For the time estimated for all the work, was considered for each floor and roof assembling 

1 day for each, 1 day to assemble the lifting system and calibrate all the system, one week 

to prepare the foundation. This is taking in account to calculate the energy and diesel 

necessary to construct all the building in the site. 

 

Construction plan by order: 

-          Modules built in the factory 

-          Preparation of the land, open space to place the concrete for the foundation 

-          Place/Assembling the lifting system 

-          Lift the lifting system 

-          Assembling of the roof from below 

-          Going down with the lift system 

-          Lifting all structure 

-          Assembling a floor of the steel skeleton 

-          Attach/assemble the modules on the top floor 

-          Assemble facade 

-          Going down with lifting system 

-          Lift all the structure 

-          Repeat these last five steps until the entire structure will be mounted 

 

-          Disassemble the lifting system 

-          Place the external stairs 
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BOUNDARIES OF THE USE STAGE  

All impacts for the Use Stage are credited within their own sub-stages, if they are 

maintenance, repair or replacement. For example if a door is replaced, the totality of the 

life cycle impacts of the new window is allocated to the Use Stage of the building. 

Boundaries of maintenance: 

It is assumed that 10% of the inside of the building is maintained each 5 year. The impacts 

for such operation are considered make 10% of the production stage and applying each 5 

years until the year 40. 

Boundaries for repair: 

It is estimated that 2 doors and 2 windows are repair each 5 years, because this kind of 

building is assumed to be more resistant to the environmental conditions, so the 

maintenance is supposed to be a minimum value. We assume that repair is around 20% of 

each 2 windows and 2 doors. 

Boundaries for replacement:  

Replacement operations are expected on two elements: windows and doors. It is admitted 

that 2 windows 2 doors are replaced every 5, so during the 40 years of the lifetime it’s 

assumed that 10 windows and 10 doors are replaced in total. 

 

BOUNDARIES OF THE OPERATIONAL ENERGY USE  

Was made a study based in the needs of energy during the use time of the building, 

described by the following parameters: 

 Heating 

 Hot Water 

 Ventilation 

 Cooling 

 Lighting 

 Auxiliaries  

 

With the calculation of the parameters above described, was possible calculate the total 

amount of energy that is needed per year, as is explain in subchapter 4.5.1. This total 
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multiplied by the environmental indicators of the source of electricity chose to supply the 

building. In this study the electricity source chosen was the electricity mix to Sweden, as is 

show in the figure 21 the mix of different kind of supplies. Using the database of Gabi 6 

was possible to have the environmental indicators to assume this kind of supply to the case 

study. 

 

Figure 21: Electricity mix in Sweden 

 

BOUNDARIES OF THE END OF LIFE STAGE  

In this study only the Recycling scenario is taking in to account, because in the future we 

don’t know what can happen with the building, so according with the EPD used is the 

scenario provided by the EPD of each material. But will be applied the reuse scenario will 

be possible have others benefit. 

 

BOUNDARIES OF THE OPERATIONAL WATER 

For this study was assumed the consumption of water around 50L per person, this values is 

an average, and was established with help of Gabi 6 database. 

 

5.4 Energy performance method 

The energy performance of the pilot building was obtained by using two tools, the software 

Design Builder and the Microsoft Excel. The model was concept using the assumptions 

refer in the subchapter 4.2 and regarding the legislation of Sweden as can be seen in the 

chapter two, in the section 2.2. 
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Design builder 

 

The DesignBuilder software is an advanced graphical user interface that has been specially 

developed to run EnergyPlus simulations (Figure 18). For UK and Republic of Ireland 

users the DesignBuilder interface can also be used to produce Energy Performance 

Certificates (EPCs) and to show compliance with the Building Regulations. 

 

DesignBuilder attaches the reliability and stability of EnergyPlus to perform accurate 

thermal analysis of buildings (figure 23). The interface facilitates the user in constructing 

the building geometry and especially in setting up heating/cooling technologies, occupancy 

types, lighting end construction materials.  

Visualization of results provides a quick overview of data. Graphs, energy consumption 

pro les and weather conditions are automatically generated at the end of the calculation.  

 

Data templates allow you to load common building constructions, activities, HVAC & 

lighting systems into your design by selecting from drop-down lists. It is also possible add 

our own templates. This, combined with data inheritance, allows global changes to be 

made at building, block or zone level.  

 

The program allows insert the climate layout for the region that we want built the building, 

in this case there was no available one to Lulea, this kind of documents  are not public 

sometimes so we require to some companies, and the Weather analytics website help us to 

get the file for free. With this file it is possible the real simulation because the weather is 

one of most affecting factors in the energy needs of one building. 

 

 
Figure 22: Layout of Design Builder with the pilot building of the study case, and the 

options that can be used in the program 



 

 

Sustainability of 3D Modular steel intensive building for students’ residence                             CASE STUDY 

 

 

 

 

Safira Figueiredo Monteiro 58 

 

 

 

5.5 Results of Survey 

 

A survey (Appendix A) was done among one hundred students to collect their preferences 

concerning accommodation. 

The most important results/points will be presented following: 

Most of people are satisfied with their actual accommodation. Nevertheless, there are some 

complains as can be seen in the tables results. The main ones are about prices, location, 

heat insulation and noise. 

Lot of them said they are paying attention to environmental issues and in average people 

are willing to pay 150 SEK more for that. The same observation is done for sound 

insulation.  

Most of students spend between 4 and 8 hours per day excluding sleeping hours. Counting 

8 hours for sleeping, students are spending between 12 and 16 hours in their room. That 

confirms that the quality of interior air should be very good to avoid health problem. Most 

of them prefer to meet their friend in the living room/ kitchen so it should be well designed 

and with facilities to make people comfortable in this area. 

The survey also shows that the persons like some privacy and thus prefer flat apartment or 

shared flat with private room and bathroom. If they have to share a flat, most of the 

students prefer to share it with less than 8 persons. 

A difference is noticed between Swedish people and Erasmus students, Swedish people in 

majority prefer to share their flat with only one person whereas Erasmus student have a 

tendency for shared flat with more people since they will not stay a long time and are here 

to meet people during their stay. 

If a balcony should be settled, the best place according to students is the common areas 

(kitchen or living room).  

Concerning the extras, students are ready to pay more only for Wi-Fi connection and are 

not really interested in majority by the others proposals. 

Finally, students prefer to live on the university campus or suburb (like Väderleden, 

Vänortsvägen) and concerning the kind of building multi storeys from 2 to 4 is their 

favorite one, so the pilot building sounds answer these two criteria. 
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Regarding with the survey results, the pilot building seems be a good construction for the 

students’ needs, and attends to what they like. Maybe the only feature not so good is that in 

the pilot building will not exist balcony, and concerning the survey results and 

conversations with students is one of the things that they really appreciate. 

 

5.6 Results of energy quantification and LCA 

This subchapter aims to provide the results of energy that the building need per year to the 

conditioned areas according the results obtained with the software and with excel 

calculation. These results are to the model obtained, that was a very real approximation to 

the real concept. The reason to don’t have an extensive presentation of results and graph is 

because this aims to be a factual study that provides the specific results to dictate the 

sustainability of the building or not. 

 

5.6.1 Energy needs of the building 

HEATING 

The thermal dynamic simulation was performed with DesignBuilder. The weather data 

were obtained from “Weather Analytics” for Norrbotten zone. 

 

The result is a building heating energy use of 11690.32 kWhFE for a year. The conditioned 

surface area is of 318.75 m² so the building specific heating energy use obtained is 36.69 

kWhFE/m².y. 

 

COOLING 

Without cooling system the temperature inside some areas of the building, in particular the 

South-East exposed side can reach 34 °C a few number of days. So it was decided to use 

the cooling system when the indoor temperature exceeds 28 °C. The result is a building 

cooling energy use of 1084.97 kWhFE for a year, namely 3.4kWhFE/m².y. 

 

The internal gains are not so important (contrary to office building where there are a lot of 

computing devices) and summers in Luleå are not so hot (up to 26°C). The problem is that 

day time is very long and the sunshine is important.  

 

Consequently, inhabitants can prevent overheating having nice behaviours. It is possible to 

use blinds, curtains and natural ventilation during the day and to foster natural night 

cooling through the windows. Another possibility is to increase the mechanical ventilation 
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flow rate when people are not at home instead of decreasing it as it done during the winter 

period.  

 

 

 

 

 

HOT WATER 

Hot water should not be stored at temperatures below 60 oC (140 oF) to avoid the risk of 

legionella. The average consumption of domestic hot water at 65°C is around 40 L per 

person and per day. It can be less or more depending on users’ behavior and efficiency of  

 

 

the production. The results and assumptions for the calculation of the hot water can be seen 

in the table 9. 

 

Table 9: Hot water energy needs 

Building energy reference area (m²) 318,75 

Water specific heat (kJ/kg.K) 4,187 

Water density (kg/m3) 1000 

Hot water at 65°C consumption (l/person.day) 40 

Number of inhabitants 14 

Building hot water at 65°C consumption (l/day) 560 

Number of occupancy days 365 

Building hot water at 65°C volume (m3/year) 204,4 

T hot water (°C) 65 

T cold water (°C) 15 

Hot water energy needs (kWhFE/year) 6881,62 

Efficiency of production and distribution 0,95 

Hot water energy consumption (kWhFE/year) 7243,81 

Building's specific hot water energy use 

(kWhFE/m².year) 

38,90 

 

 

 

LIGHTING 

- The lighting power per area (W/m²) of a local can be calculated as: Plocal=DPN x Ilocal. 

(DPN: Standardized power density) 
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- The local’s specific energy use for lighting (kWhFE/m².year) is calculated as: Elocal= 

Plocal x Lighting hours/1000 

 

- The local’s lighting energy use (kWhFE/year) is calculated as the local’s lighting specific 

energy use (kWhFE/m².year) multiplied by the area of this local (or sum of the areas if 

there are several times the same local) 

- The building’s lighting energy use (kWhFE/year) is the sum of all the different locals’ 

lighting energy use. 

- The building’s lighting specific energy use (kWhFE/m².year) is the building’s lighting 

energy use divided by the building reference area, all the results can be seen in the table 

10. 

 

 

Table 10: Lighting energy needs 

Building energy reference area (m²) 318,75 

Lighting use apartement (hours/day) 5 

Lighting use corridor (hours/day) 1,5 

Lighting use laundry room (hours/day) 0,5 

Number of occupancy days 365 

Annual lighting use apartment(hours) 1825 

Annual lighting use corridor (hours) 547,5 

Annual lighting use laundry room (hours) 182,5 

DPN   (W/m²/ 100 lx) 2,5 

Iroom (lux) 300 

Icorridor/laundry room (lux) 100 

Apartment lighting power (W/m²) 7,5 

Corridor/Laundry room power (W/m²) 2,5 

Apartment's lighting specific energy use 

(kWhFE/m².year) 

13,69 

Corridor's specific lighting energy use 

(kWhFE/m².year) 

1,37 

Laundry-room's specific lighting energy use 

(kWhFE/m².year) 

0,46 

Number of double-module apartment 9 

Number of single-module apartment 5 

Number of laundry room 1 

Number of corridor 3 

Area double-module apartment (m²) 20,81 

Area single-module apartment (m²) 10,41 

Area laundry-room (m²) 10,41 
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Area corridor (m²) 23 

Apartment's lighting  energy use (kWhFE/m².year) 3275,97 

Corridor's lighting energy use (kWhFE/m².year) 94,44 

Laundry-room's  lighting energy use 

(kWhFE/m².year) 

4,75 

Building's lighting energy use (kWhFE/year) 3375,16 

Building's lighting  specific energy use (kWhFE/year) 9.84 

 

AUXILIARIES  

The auxiliaries (also called building’s property energy), is the electrical energy destined to 

services necessary for the use of the building. It accounts for around 10 % of the building’s  

 

specific energy use maximum value, thus 13kWhFE/m².year are consumed for ventilation 

fans, water pumps, control and monitoring devices (sensor captors, thermostat …). 

 

Concerning the fans consumption, DesignBuilder calculated it and gave a value of 2600 

kWhFE/year either 8.15kWhFE/m².year. That means that 4.075 kWhFE/m².year is 

consumed for water pump and auto-control devices. 

 

POWER SUPPLY DESIGN 

The power supply is designed to reach an indoor temperature of 20°C, at the design 

outdoor temperature DOT20 which is -27 °C in Luleå. 

The power supply for the heating system was calculated in DesignBuilder for transmission, 

infiltration and ventilation: 

 

Qtransmission = 6.5kW 

Qinfiltration = 0.05 kW 

Qventilation = 17 kW without the heat recovery unit.  

In reality, the efficiency of the recovery system is 85%, thus: 

Qventilation HExch =17 x 15%= 2.55 kW 

 

The power supply for the building is Qheating= Qtransmission + Qinfiltration + 

Qventilation HExch ≈ 9 kW 

 

A security factor of 1.2 is used, so the real power supply is 11 kW. 
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5.6.2 Environmental performance 

The selection of environmental impacts over environmental aspects is justified by two 

main reasons. First of all, impacts give a clear notion about how much environmental 

damage is really caused during the total life span of the building. For other side the 

environmental aspects indicators must be further analyzed to really evaluate their effect on 

environment. But the main motive is that the data regarding aspect indicators is not 

complete for all the products or processes. 

 

The principal results are presented in this subchapter, but in appendix B can be seen the 

table with the total LCA results with all the indicators. 

The figure 23 presents the results to the indicator of Global Warming for all the stages of 

the building. The results presented are according the system boundary explained in the 

subchapter 4.3.4.The figure 24 shows all the environmental indicators per stage of the 

building. 

 

 

 

 

 

 

 

 

 

 

Figure 23 – CO2 impacts by stage for all lifetime of the building 
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Figure 24 – Environmental impacts by different stages of the building 

 

To see what happen only during the use stage of the building, was made a graph to see the 

percentage of the total environmental indicators, and once more we can see that the energy 

use is the phase that have higher percentage of emission(figure 25), according with the use 

of the mix source used. 

 

 

 

 

 

 

 

 

Figure 25– Percentage of total environmental indicators emissions in use time of the 

building 
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5.7 Discussion of the results 

In this subchapter is discussed the main results of this study, according with the results 

expressed in the subchapter 4.5.  

 

5.7.1 Energy consumption 

The results obtained for the energy requirements of this discussion will be present the final 

values of energy needs according with results from the subchapter 5.2. In the table 11 it is 

summarize the results of energy consumption of the building per year. 

 

 

 

Table 11: Total energy consumption 

  

Specific energy use 

(kWhFE/m².y) 

 

Energy use 

(kWhFE/.y) 

 

 

% 

Heating 36,8 11695 36,1 

Cooling 3,4 1084 3,4 

Hot water 38,90 9049 38,2 

Lighting 9,8 3376 9,6 

 Auxiliaries (fans, 

pumps, auto control 

devices) 

 

13 

 

4144 

 

12.7 

Total building 101,9 29348 100 

 

The final value of specific energy use is 101.9 kWhFE/m².y , which means that the 

building is 21.6% better when compared with the Swedish regulation that sets 130 

kWhFE/m².y as a limit of residential houses in the climate zone I. Is need to take in 

account that in the case of Sweden the target for the next years is having zero energy 

buildings applied to all the new constructions, so even this building respect the Sweden 

regulation, in the future similar building will be necessary an improvement in the energy 

needs, adopting different measures, that can be chosen having this building as an example. 

 

The heating and hot water are still the parameters that need more energy in building, this 

lead us to know that in the conception of the building is necessary take attention to better 

solutions to this field, and nowadays there are several options, some this options can be 

seen in the chapter 5, were some improvements are mentioned. 
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The values for the heating and cooling are taken from the design building software, and for 

this kind of building is not the best solution to make the design of modular systems, but 

this happen with almost all the software’s. So these values can have a small error when 

compare to the real building, but the design is the most close possible to the real one so the 

errors will be very small if they exist. 

 

 

 

 

 

 

 

 

Power supply design 

 

A power supply is a device that supplies electric power to an electrical load, may also refer 

to devices that convert another form of energy to electrical energy. A power supply is one 

that controls the output voltage to a specific value, the controlled value is held nearly 

constant despite variations in either load current or the voltage supplied by the power 

supply's energy source. The results to the power supply needs are show in the table 12. 

 

Table 12: Total energy consumption 

 Calculated (kW) With security factor 1.2 (kW) 

Transmission 6.5 7.8 

Infiltration 0.05 0.06 

Ventilation with HExch 2.55 3.06 

Heating battery 1.8 2.16 

Floor heating system 0.7 0.84 

Total building 9 11 

 

The value is reasonable value, the security factor used is according with Swedish 

regulation, and this means that to design a power supply when the temperatures change as 

was assumed in subchapter 5.2.7 it is need a power of 9kw. 
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5.7.2 Environmental impacts 

Regarding to the Figure 20, unquestionably, Operational Energy is the major source of 

impacts (for climate change) of all the other processes. That is expected because the 

operation energy takes in account the energy plus the water in the use time, as we know the 

use of energy is the non-friendliest environmental process that a house or an industrial 

process have. 

As can be seen in the figure 20 and 21 of the subchapter 4.5.2, the end of life have low 

emissions, regarding all environmental indicators except the indicator of Acidification of 

land and water resources, but this can be explained because this parameter is not expressed 

in the EPD of the steel that was used in this study, and this building is mostly made by 

steel that have a huge recycling and reuse rate according with EPDs, so the emissions 

results are mainly regarding the steel material.  

Relating to the use time of the building the energy use is the one that mostly cause higher 

emissions, that happens because of the source of energy that is used, depending of the 

source we will have different values of emissions, so to decrease this values, is necessary 

identify different sources of energy that can be more clean an at the same time rentable. 

 

5.7.3 Improvements 

During the performance of the case study, different processes were identified as having 

potential for further improvements. Thus, in this subchapter improvements are predicted in 

relation to building. 

 

Systems 

Match HVAC and lighting output to occupancy. Install programmable building controls 

that enable systems to provide light, heat and cooling to building spaces only when they 

are occupied. 

 

One example of software to that purpose is: Building automation that describes the 

advanced functionality provided by the control system of a building, (BAS) is an example 

of a distributed control system. The control system is a computerized, intelligent network 

of electronic devices designed to monitor and control the mechanical, electronics, and 

lighting systems in a building. 

 

Efficient shower heads – that can operate by mixing water flow with an air jet. These units 

provide satisfactory contact with water and achieve effective rinsing with much less water. 
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Whereas a five minute shower with a normal shower head can use around 100 liters of 

water, a water efficient shower head consumes a modest 35 liters. 

 

Water efficient faucets and tap adaptors- devices that mix water and air can reduce both 

water flow rates and splashing while increasing areas of coverage and wetting efficiency. 

For example, faucet aerators can save water use by up to 50% during hand-washing.  

 

 

Materials 

If we increase the thickness of the insulation materials it is possible achieve better energy 

efficiency. 

 

 

For instance in the walls of the modules, if we add one more gypsum plasterboard with 18 

thickness, we will have 3 layers of gypsum that would be good even to the fire protection, 

it is possible decrease in the energy consumption: 

 

- Heating consumption: 36.9 kWhFE/m².y can be reduce to around 34,6 kWhFE/m².y 

- Building’s specific energy use: 101,9kWhFE/m².y reduce to around 99,6kWhFE/m².y 

Initial: 

 

Changing the type of the window to Triple glass,  Triple LoE Clr 3mm/13mm Arg 

We will have a difference of: 

 

- Heating consumption 36.9kWhFE/m².y to 33.5 kWhFE/m².y  

- Specific energy use 101.9kWhFE/m².y  to 98.5kWhFE/m².y (7% gains) 

 

 

Building Orientation 

 

The initial orientation of the building was the windows sides orientated S-N and the  

The specific energy use was 105 kWhFE/m².y, and with the new orientation with window 

orientated East-West was achieved the specific energy use of 101.9kWhFE/m².y. This 

allowed the decrease of overheating during the summer months, which can be seen in the 

Appendix c. 

 

 



 

 

Sustainability of 3D Modular steel intensive building for students’ residence                          CONCLUSIONS 

AND RECOMENDATIONS 

 

 

 

Safira Figueiredo Monteiro 69 

 

 

6 CONCLUSIONS AND RECOMENDATIONS 

 

In this last main chapter the conclusions, emerged from the present work are discussed, and 

some recommendation will be given regarding limitation and suture work. 

6.1 Final conclusions 

The main conclusion of this study is the answer to the main question that was made: is the 

building sustainable or not? 

From all of environmental indicators expressed in this study, Climate Change was chosen 

for being the most widely known and with more credible background when we speak about 

emissions to the environment. And is the indicator that have higher amount of emissions 

due the life cycle of the building. But it is not possible to compare and say if it is a good 

value or not, because this kind of analysis is individual for each case, depends of a lot of 

variables and this same variables are not the same in all the constructions. 

The use of renewable sources as energy supply can stimulate a better environmental 

efficiency of an energy system. So the energy supply source chosen can have direct 

positive impacts due the lifetime of the building. 

The building has a positive impact in the end of life because all it is made mainly by steel, 

that is a material that can be total recycling or reuse, and this allows the negative emissions 

because this will have benefits, if the steel is reused the impacts will be allocated to the 

news building . 

According to the use stage, the energy study fulfill the Swedish requirements, the building 

has a good performance, however nowadays is possible to achieve lower consumptions, 

and Sweden has set a target that all buildings in 2020 will be near zero-energy buildings, if 

they will reach that goal we don’t know but Sweden is nowadays very strong when we 

speak about energy efficiency, sustainable development. But for this target the energy 

needs for each building will need to decrease and how to do that?  

To decrease the energy needs have several options are available:  it is possible increase the 

thickness of the wall with better insulation materials, the kind of windows can be changed, 

and that in our case was change from a double window to a triple in order to achieve better 

performance. 

The part of the materials can’t be changed so much, we can improve a little but the main 

improvements are in the systems of the building, since ventilation, water consume control  
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and reuse, sensors control, among another options. but all this is not enough if the human 

behavior don’t corresponds to a sustainable mind, if the places where the people live are 

been turned into a healthy , economic and sustainable place, is expected that the persons 

changes their own behavior, adopting measurements to increase the quality of their place. 

To improve the environmental performance, well this is a more complicated answer 

because involves the LCA, that is not an easy tool to say what can be changed. The true is 

that using the recycling, reuse of materials, and all the LCA have benefits in the end of life. 

The analysis of LCA is still a complex and intensive study. Even with the advances that 

have been taken,  as better tools, improvement of the  databases, it is denoted still a 

weakness in its use. the number of variables that must be taken into account are immense, 

the fragility of databases, scenarios associated with the end of life are extensive, and also 

the economic approach, so  LCA still lacks of consistency level to achieve real results. the 

solution may be a simpler approach the level of the building itself, eg this new method of 

modular construction can bring enough benefits compared to the traditional method, and it 

should take more account of an analysis different as regards the method of construction. 

The calculation method should be revised to incorporate a more realistic evaluation that 

integrates a common line that could be able the implementation of this in different process, 

products but with the principles.  

The type of energy simulations to perform depends on the available information. At the 

conceptual level, estimations are rough and need no expert knowledge in the calculation of 

the energy consumption. A simplified user interface can provide fast access to these 

estimations. The more detailed energy simulations require expert knowledge and are time 

consuming to perform. However, the more detailed the energy simulation model is, the 

more reliable results it gives, if the input data is correctly defined. 

Regarding the answer to the main question, the building is a sustainable building because 

have all the requirements, and as was pretended in the end of life we will have benefits 

because of this steel building, because the big benefits comes from the building is a steel 

intensive constructions and nowadays the steel is totally reuse and recycling and even have 

better environmental performance. The modular construction has huge benefits, since 

economic, social and environmental, because of the way that is constructing. The modules 

can be constructing inside, so that allows better control of emissions, better efficiency of 

time and accurate dimensions. This have benefits even because the time of the construction 

in the site is reduced to a minimal values that allows the use of less machines, less energy 

used to this process, and less emissions that in the normal constructions is the higher 

problem.
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6.2 Limitations and Future work 

Some assumptions were made during this work, the lack of data for some impacts of the 

materials and processes, a need for better software of design to this new kind of modular 

building, are the main points that should be improved to would be able to make a better 

future works regarding sustainable constructions.  

The Environmental Product Declarations are not yet very clear, and this changing within 

the use of new ecological materials is necessary to improve this information to enable 

conduct a more efficient study. Although software databases already provide generic data 

to most common products, there are still lacks of details for new materials, for new 

processes, and mostly for this new kind of construction that will be the future.  

Based on the results, to reduce Climate Change, operational energy impacts must 

decreased. For this reason can be created in the future more energy scenarios to evaluate 

which is the best clean source and consequently the most efficient, this can be done after 2 

years of use of the building when it is possible to make a emission and energy profile of 

the building with more real details and assumptions. 

Regarding to future work that can be realize in the future whiting this study case, could be 

made more studies, for instance after 2/3 years of use can be checked all the energy values, 

if it is necessary maintenance, which kind improvement could be made. This will allow 

having a control of all the parameters and more easily improve the approach for future 

buildings with the same purpose. 

In the end of life of the building can be realize one last study. According with the scenario 

that will be chosen in that time, could be calculate the real positive/negative impacts of the 

building.  And to finish, compare all the studies that were made for this building, and make 

a report about the difference of the values, what change with the time. With this 

comparison will be possible analyze the development of methodologies to make this kind 

of analysis and see which failures were made, and how far the studies were from the real 

results, that can help to set the points that real need to improve in order to have an accurate 

study. 
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APPENDIX A- BUILDING MASS QUANTIFICATION 

 

Steel structure 

The steel structure is divided by connections in each floor, as can be seen in the picture, so 

to be easier to quantify all the material, the structure was divided in 5 parts, to make the 

calculations.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig A-1: Division of the building to the calculation method 
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TABLE A-1: Mass of steel 1
st
 Floor 

1st Floor Number Mass (Kg- unit) Total Mass(kg) 

Columns 12 224,8 2697,6 

Connections column-beam 22 70,9 1560,2 

Auxiliary beams 8 171,2 1369,5 

Corridor beams 3 82,5 247,4 

Small side beams 4 400,7 1602,7 

Big side beams 8 241,2 1929,2 

Connections column-column 12 44,1 529,2 

Bolts 624   217,3 

Total Mass (Kg)     10153,1 

 

TABLE A-2: Mass of steel 2
nd

 Floor 

2nd Floor Number Mass (Kg- unit) Total Mass(kg) 

Columns 12 225,1 2701,0 

Connections column-beam 22 71,0 1560,9 

Auxiliary beams 8 171,4 1371,2 

Corridor beams 3 82,6 247,7 

Small side beams 4 410,6 1642,4 

Big side beams 8 241,5 1931,7 

Connections column-column 12 44,1 529,2 

Bolts 624   217,3 

Total Mass (Kg)     10201,5 

 

TABLE A-3: Mass of steel 3rd Floor 

3rd Floor Number Mass (Kg- unit) Total Mass(kg) 

Columns 12 225,1 2701,0 

Connections column-beam 22 71,0 1560,9 

Auxiliary beams 8 171,4 1371,2 

Corridor beams 3 82,6 247,7 

Small side beams 4 410,6 1642,4 

Big side beams 8 241,5 1931,7 

Connections column-column 12 44,1 529,2 

Bolts 624   217,3 

Total Mass (Kg)     10201,5 
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TABLE A-4: Mass of steel basement 

Basement Number Mass (Kg- unit) Total Mass(kg) 

Profiles 12 28,7 344,1 

Ground plates 12 76,7 920,4 

Bolts 504   154,6 

Total Mass (Kg)     1419,1 

 

 

TABLE A-5:Mass of steel in the roof 

Roof Number Mass (Kg- unit) Total Mass(kg) 

Connections column-beam 22 71,0 1560,9 

Corridor beams 3 82,6 247,7 

Small side beams 4 410,6 1642,4 

Big side beams 8 241,5 1931,7 

Connections column-column 12 44,1 529,2 

Columns connected to the plate 12 66,2 794,9 

Roof plates 12 2,5 30,4 

Bolts 272   150,6 

Total Mass (Kg)     6887,8 

 

 

TABLE A-6: Total amount of steel skeleton 

Total amount of steel for the structure (Kg)  38862,93 

Total amount of steel for the structure (Ton)  38,86 

 

 

 

Modules structure 

The calculation of the amount of materials destined to the modules was done for two cases: 

one with heavy weight concrete and another using light weight concrete. 

All the densities considered in the building are presented in the table A-7. 

 

 

 

TABLE A -7: Densities of material 
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Materials density (kg/m3) 

  

Osb 640 

Glass 2400 

Concrete  2400 

Plywood 550 

Stone wool  32 

Steel structure 7860 

Lightweight Concrete 800 

Gypsum plasterboard 900 

Lightweight steel frame 7850 

EPS (Expanded Polystyrene) 25 

 

TABLE A-8: Mass of materials in all building 

All Materials  Mass (kg) TON 

    

    

OSB Corridor 3882,1 3,9 

Gypsum Modules+corridor 19162,6 19,2 

Stonewool Modules+corridor 1064,0 1,1 

Plywood Rooms  3165,3 3,2 

Metal Zinc Walls/ceiling modules 5843,4 5,8 

Glass Rooms 6048,0 6,0 

Steel Structure 38576,2 38,6 

Ligthweight Steel Modules+corridor 34625,4 34,6 

 

 

TABLE A-9: Mass of concrete for two options 

Modules floor options Mass (kg) TON 

Concrete 

(Heavyweight) 

4105,3 4,1 

Concrete (Ligthweight) 1368,4 1,4 

 

 

 

 

Facade of the building 
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TABLE A-10: Mass materials of the façade 

 

Foundation 

 

TABLE A -11: Mass of concrete in the foundation 

 

 

  

Lifting System 

TABLE A-12: Mass materials of the lifting system 

Lifting system Mass (kg) TON 

   

Light weight Concrete 

(kg) 

4032 4,03 

Heavy weight Concrete 

(kg) 

12096 12,10 

Steel 10392,04 10,39 

 

 

  

Façade Kg TON 

Eps (kg) 2088,33 2,09 

Steel (kg) 1637,25 1,64 

Foundation Kg TON 

Heavy weight Concrete 

(kg) 

105846,48 105,85 
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APPENDIX B- ENVIRONMENTAL DATA SOURCES 

 

Product Source for data 

Windows aluminium 
Program Operator-EAA-European Aluminium 

Association-SNFA-EAA-2009-02-02-5558-ENG. 

Concrete 
EPD; BUZZI UNICEM SpA, Concrete EPD, 

2008 

Gypsum Plasterboard 
EPD; Forschungsvereinigung der Gipsindustrie 

e.V., Gypsum Based Products, GABI 4 

Hot rolled steel 

profiles 

EPD; Steel structures of hot finished structural 

hollow sections (HFSHS), NEPD no. 78, Contiga 

Norway, 2007 

Lightweight Steel 

EPD-Institut Bauen und Umwelt(IBU)-Light 

Gauge Steel Profiles Akkon Steel Structure 

Systems Co 

Rockwool 

EPD; Steinwolle-Dämmstoffe ,Deutsche 

Rockwool Mineralwoll GmbH & Co. OHG; EPD-

DRW, 2008 

Plywood EPD S-P-00068- SAIB S.p.A 

OSB 
EPD-KRO-2009111-E-Institut Bauen und 

Umwelt e.V 

Eps-Façade 

EPD; EUMEPS-Expanded 

Polystyrene(EPS)Foam Insulation-ECO-EPS-

00030101-1106 

Steel sheets 

EPD; Steel structures of cold formed welded 

structural hollow sections (CFSHS), NEPD no. 

079, Contiga AS, 2007 

Backhoe loader 
"Non Road Emissions", Auxiliary sheets provided 

by Professor Helena Gervásio 

Concrete mixer 

"Non Road Emissions", Auxiliary sheets provided 

by Professor Helena Gervásio 

 

Crane 

"Non Road Emissions", Auxiliary sheets provided 

by Professor Helena Gervásio 

 

Truck trailer 
"Non Road Emissions", Auxiliary sheets provided 

by Professor Helena Gervásio 

Electricity grid mix 

Sweden 

GaBi 6 (2012). Software-System and Databases 

for Life Cycle Engineering. Version 5.56. PE 

International AG, Leinfelden-Echterdingen, 

Germany 
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APPENDIX C- SURVEY 

 

 

Students’ accommodation preferences survey 
 

Introduction  
On 20th January 2013, a survey was conducted among 100 students at the University of Luleå, 

students from different nationalities and with different needs. The survey was conducted by 
means of an online questionnaire, given to the students to complete by email or social networks. 

 

 The aim was to know the needs of the students when they look for a place to live, to know 

if they are satisfied with their actual accommodation and what they are disposed to pay for 

better conditions. The results will enable to improve the design of the building according to 

the answers of the survey. 
Survey 

 

Below is the survey that the students had to fill in: 
1.  

1- What is your gender?  

  - Male 

  - Female 

 

2- What is your age range?  

  - 17-23 

  - 24-30 

  - >30 

 

3- Which country do you come from?  

  ____________________ 

 

4- Where do you live? *shared kitchen, living-room, laundry, balcony  

- Alone in a flat/studio (around 25m² with your own bathroom and little kitchen,    3000-

3500sek) 

- Shared* flat with private room and your own bathroom (room 20m² 2200-2700sek) 

- Shared* flat with private room and shared bathroom (room 15m² 1700sek-2000sek) 

- Shared *flat without private room (around 35m²-2500sek) 

- Other 

 

5- Where your accommodation is located?  

  ______________________ 

 

6- Since when do you live in your present accommodation?  

  - Less than 1 month 

  - Less than 6 months 

  - Less than 1 year 

  - Less than 2 years 

  - Less than 4 years 

  - Other 
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7- Are you satisfied with your actual accommodation?  

  - Totally agree 

  - Agree 

  - Neutral 

  - Disagree 

  - Totally disagree 

 

8- If you are not satisfied, explain why? 

  _________________________ 

 

9- Are you satisfied with the sound insulation of your existing accommodation in Luleå?  

  - Totally agree 

  - Agree 

  - Neutral 

  - Disagree 

  - Totally disagree 

 

10- Are you satisfied with the air ventilation of your existing accommodation in Luleå?  

  - Totally agree 

  - Agree 

  - Neutral 

  - Disagree 

  - Totally disagree 

 

11- Do you feel any vibration in your existing accommodation in Luleå, due to people 

walking in the corridors?  

- None 

- Sometimes 

- A bit uncomfortable 

- Many times (Uncomfortable) 

 

12- How much do you pay for your accommodation? *Price in SEK.   

  _________________________ 

  

13- Where would you prefer to live in Luleå?  

 - City centre 

 - University campus 

 - Suburb (e.g. Väderleden, Vänortsvägen, Porsögården) 

 

14- Which kind of building would you prefer?  

  - Single storey 

  - Multi storeys from 2 to 4 storeys 

  - Multi storey from 5 to 10 storeys 

  - Multi storey with more than 10 storeys 

 

15- Which one would you prefer to live? *shared kitchen, living-room, laundry, balcony 

 - Alone in a flat/studio (around 25m² with your own bathroom and little kitchen, 3000-

3500sek) 

 - Shared* flat with private room and your own bathroom (room 20m² 2200-2700sek) 
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 - Shared* flat with private room and shared bathroom (room 15m² 1700sek-2000sek) 

 - Shared *flat without private room (35m² 1700sek) 

 - Other 

 

16- How much time in hours do you spend in your room, excluding sleeping hours?  

  - 1-2 

  - 2-4 

  - 4-8 

17- Where do you prefer to meet your friends at home?  

  - Your room 

  - Living room / Kitchen 

 

18- If you share a flat, with how many students would you like to share?  

  - 1 student 

  - 2-4 students 

  - 5-8 students 

  - 8-12 students 

 

19- What are you ready to pay more per month?  

Rate your preference (1 very important, 2 important, 3 neutral, 4 not important, 5 not 

important at all) 

 

 1 2 3 4 5 

Room size 

     

Balcony 

 
     

Common toilet (in addition 

of your own in big shared 

flats)      

Bike storage 

 
     

Sauna 

     

Gym 

 
     

Internet everywhere 

     

Interphone 
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Blind 

     

Magnetic card to 

Enter the building 
     

 

20- Where do you prefer to have a balcony?  

  - Common areas (e.g. living room, kitchen) 

  - Room 

  - Both options 

21- In your day life, are you paying attention to environment issues? (Recycling, using 

common transports put off the light when leaving a place…) 

  - Totally agree 

  - Agree 

  - Neutral 

  - Disagree 

  - Totally disagree 

 

22- For which of these features would you pay more?  

 - Environmental friendly building (heat insulation, healthy materials, renewable energy 

use…) 

 - Room orientation/View (N-E-S-W) 

 - Sound insulation 

 - None 

 

23- How much are you willing to pay per month for "Environmentally friendly habitat"? 

*Price in SEK 

 

  ___________________ 

  

24- How much are you willing to pay per month for "Room orientation"? *Price in SEK 

 

  ______________ 

  

25- How much are you willing to pay per month for "Sound insulation"? *Price in SEK 
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35% 

65% 

Gender 

Female

Male

21 

12 

0 

53 

17 

1 

17-23 24-30 <30

Age range 

Swedish students Exchange students

 

APPENDIX D- SURVEY RESULTS 

 

Graphical Results of the survey 
 

The results above will show the student preferences referred to the accommodation, during the 
research it turned out that the students have different needs, depending how long they will stay 
in the accommodation. This difference can be noticed between Erasmus and Swedes students. 
Because of that the results were divided in these two main groups. Another reason to do that is 
that the building will serve to local students and thus is more destined to permanent habitation. 
 

1) Gender  

 

 

 

 

 

 

 

 

- For this category the percentages of male and female were equal to Exchange and Swedish 

students. 

2) Age Range 
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1% 

1% 

1% 3% 1% 
1% 

43% 

15% 

1% 
1% 

1% 

1% 

1% 

1% 18% 

6% 

Exchange students- Country 

Austria
Belgium
Bulgaria
Canada
China
Demokratik republik of Congo
Finland
France
Germany
Holland
Hong Kong
Italy
Portugal
Scotland
South Africa
Spain
United States

3) Exchange students- Country 

 

 

 

 

 

 

 

 

 

 

 

 

4) In which kind of place the students live 

 

 

 

 

Alone in a
flat/studio (

around 25m²
with your own
bathroom and
little kitchen,

3000-3500sek)

Shared* flat
with private

room and your
own bathroom

(room 20m²
2200-2700sek)

Shared* flat
with private

room and
shared

bathroom (room
15m² 1700sek-

2000sek)

Shared *flat
without private
room (around

35m²-2500sek)

Others

13 

3 5 3 

9 10 

42 

11 

5 3 

Where do you live? 

Swedish students Exchange students
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2 4 2 1 1 
5 7 

11 

43 

2 0 0 0 2 1 

23 

Where your accommodation is located? 

Swedish students Exchange students

Less than
1 month

Less than
6 months

Less than
1 year

Less than
2 years

Less than
4 years

Other

2 5 2 
9 11 

3 6 

54 

10 

0 0 1 

Since when do you live in your present 
accommodation ? 

Swedish students Exchange students

 

5) Location of the present accommodation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6) Time lived in the present accommodation 
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Totally agree Agree Neutral Disagree Totally
disagree

9 
15 

7 
1 1 

17 

41 

9 
4 

0 

Are you satisfied with your actual 
accommodation? 

Swedish students Exchange students

7) Satisfaction with the accommodation 

 

 

 

 

 

 

 

 

 

 

 

 

8) Explanations about why the students are not satisfied with the accommodation 

 

Exchange students Swedish students 

A bit far from the university. In the 
summer it's ok with the bike but in winter 
it's quite cold. 

My neighbours are quite unsocial and 
there are very few apartment events that 
bring us together. 
Our Elevator is slower than a Ford T down 
the Autobahn. 
There is a need for repair of the 
locker/electric box. 

Only 1 kitchen for 12 people Bad shape of stairwell and laundry room. 

Walls like paper, old fuses running out, 
bad karma 

Too bad isolation. 
Cold. 

Very high price... 

The only reason i don't totally agree is that 
it is located about 3 km from the university 
and it is not so good bus transportations in 
the wintertime. In the summer it is a good 
distance to travel on bicycle but I would 
like to be able to take the bus when it's 
really cold. 
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Totally agree Agree Neutral Disagree Totally
disagree

5 

11 

7 8 

2 

13 

20 

16 17 

5 

Are you satisfied with the sound insulation of 
your existing accommodation? 

Swedish students Exchange students

It's nice, but a bit further from campus 
than somewhere like Vänortsvägen. 

Too high rent, not very well built, 
cheap/noisy appliances, fairly common 
with water issues, Bathroom never gets 
warm and probably more, you hear your 
neighbours even when they are whispering 
etc. 

it's to far from school I´ve got fracture in the wall. 

Bathroom is old and the air conditioning is 
too noisy.   

The windows have a leak; the heating 
system does not work quite well, isolation 
is not good -> it is too cold!; the air 
ventilation is so loud that you are not able 
to sleep well during night; you can hear 
your flat from above your room;   

Too much noise !- sound insulation   

sound insulation is very bad   

The apartment is designed for one person 
but I had to share it with a roommate.  
Very limited space and privacy.   

The showers are a bit annoying because 
they leave the whole bathroom floor wet 
afterwards.   

 

9) Satisfaction with the sound insulation  
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Totally agree Agree Neutral Disagree Totally
disagree

7 

13 

4 
7 

2 

12 

32 

14 
11 

14 

Are you satisfied with the air ventilation of your 
existing accommodation? 

Swedish students Exchange students

None Sometimes A bit
uncomfortable

Many times
(Uncomfortable)

16 
13 

4 
0 

30 28 

9 
4 

Do you feel any vibration in your existing 
accommodation, due to people walking in the 

corridors? 

Swedish students Exchange students

 

10)    Satisfaction with the air ventilation 

 

 

 

 

 

 

 

 

 

 

 

11)    Feeling of vibrations, due to people walking in the corridor 

 

 

 

 

 

 

 

 

 

 

 

 

12)   Rent of the accommodation 
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Around
2200

Around
2600

Around
3000

Around
3300

Around
3500

Around
4100

Around
6000

5 
7 

3 
5 6 

4 3 

23 
26 

9 

3 
5 

2 3 

How much do you pay for your 
accommodation?  

Swedish students Exchange students

 

 

 

 

 

 

 

 

 

 

 

 

13)   Where the students prefer to live  

 

 

 

 

 

City Center University campus Suburb (e.g.
Väderleden,

Vänortsvägen,
Porsögården)

3 

20 

10 
6 

29 

36 

Where would you  prefer to live in Luleå? 

Swedish students Exchange students
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Single storey Multi storeys
from 2 to 4

storey

Multi storey
from 5 to 10

storey

Multi storey
with more than

10 storey

3 

19 

9 

2 

13 

38 

15 

5 

Which kind of building  would you prefer ? 

Swedish students Exchange students

Alone in a
flat/studio

(around 25m²
with your own
bathroom and
little kitchen,

3000-3500sek)

Shared* flat
with private

room and your
own bathroom

(room 20m²
2200-2700sek)

Shared* flat
with private

room and
shared

bathroom
(room 15m²

1700sek-
2000sek)

Shared *flat
without private

room (35m²
1700sek)

Other

20 

5 3 1 
4 

17 

43 

6 4 
1 

Which one would you prefer to live? 

Swedish students Exchange students

 

14)   Which kind of building the students prefer 

 

 

 

 

 

 

 

 

 

 

15)   Which one would you prefer to live? *shared kitchen, living-room, laundry, balcony 
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1-2 2-4 4-8

5 

13 15 

7 

25 

39 

How much time, in hours do you spend 
in your room, excluding sleeping 

hours? 

Swedish students Exchange students

Your room Living room / Kitchen

10 

23 

13 

58 

Where do you prefer to meet your friends 
at home?  

Swedish students Exchange students

 

16)   Time spend in room, excluding sleeping hours 

 

 

 

 

 

 

 

 

 

 

 

17)   Where the students prefer meet the friends in home 
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1 student 2-4 students 5-8 students 8-12 students

23 

7 
2 1 

15 

31 

23 

2 

If you share a flat, with how many 
students you would like to share? 

Swedish students Exchange students

Common areas(e.g.
living room, kitchen)

Room Both options

20 

4 
9 

38 

5 

28 

Where do you prefer to have a balcony? 

Swedish students Exchange students

 

18)   With how many students would you like to share 

 

 

 

 

 

 

 

 

 

 

 

19)   Balcony 
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3 

3 

3 

3 

3 

4 

2 

4 

3 

3 

3 

4 

4 

2 

2 

3 

1 

3 

3 

3 

Room size

Balcony

Common toilet (in addition of your
own in big shared flats)

Bike storage

Sauna

Gym

Internet everywhere

Interphone

Blind

Magnetic card to enter the building

What are you ready to pay more per month?( 1 very 
important, 2 important, 3 neutral, 4 not important, 

5 not important at all) 

Exchange students Swedish students

Totally agree Agree Neutral Disagree Totally
disagree

14 14 

4 
0 1 

19 

44 

6 
1 1 

In your day life, are you paying attention to 
environment issues? 

Swedish student Exchange students

20)   Extras 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

21)   Environmental issues 
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Environmental 
friendly building 
(heat insulation, 

healthy materials, 
renewable energy 

use…) 

Room
orientation/View

(N-E-S-W)

Sound insulation None

21 

3 
6 

3 

45 

13 

7 6 

For which of these features would you pay 
more? 

Swedish students Exchange students

0 sek 100 sek 200 sek 300 sek 450 sek 1000 sek

8 9 
4 3 

7 
2 

32 

16 

9 
4 

10 

0 

How much are you willing to pay per 
month for  " Environmentally friendly 

habitat"? (average) 

Swedish students Exchange students

22)   Features that students pay more 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

23)   How much they pay for friendly environment 
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0 sek 100 sek 300 sek 500 sek 1000 sek

20 

5 4 2 2 

35 

17 

10 9 

0 

How much are you willing to pay per 
month for "Room orientation"?(average) 

Swedish students Exchange students

0 sek 100 sek 200 sek 300 sek 500 sek 1000 sek

10 

5 

8 

3 

6 

1 

23 
25 

10 

7 
6 

0 

How much are you willing to pay per month 
for "sound insulation"?(average) 

Swedish students Exchange students

 

24)   How much they pay for room orientation 

 

 

 

 

 

 

 

 

 

 

25)   How much they pay for sound insulation 
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Appendix C-LCA TABLES 

 

 TABLE C-1: LCA results 

Environmental impact/aspect [per FU] Indicator Unit Stage I - Product Stage II - Construction 
Stage III - Use 

Stage IV - End of life 
Building Energy Water 

Climate change CO2 eq kg 6,03E+04 3,54E+04 4,89E+04 8,49E+04 5,94E+02 -2,90E+05 

Destruction of the stratospheric ozone layer CFC-11 eq kg 9,46E-03 9,93E-03 7,65E-03 8,24E-05 0,00E+00 -9,88E-01 

Acidification of land and water resources  SO2 eq kg 1,77E+03 3,29E+02 1,42E+03 3,04E+02 3,07E+00 9,27E+04 

Eutrophication PO4 eq kg 4,73E+02 1,09E+02 3,79E+02 4,60E+01 3,07E-01 -5,33E+04 

Formation of ground level ozone C2H2 eq kg 1,74E+02 5,54E+00 1,39E+02 3,76E+01 4,09E-01 -2,68E+04 

Use of nonrenewable resource (other than primary energy) TMR kg 6,31E+04 4,12E+01 5,04E+04 0,00E+00 0,00E+00 0,00E+00 

Use of renewable resource (other than primary energy) TMR kg 1,12E+02 0,00E+00 8,95E+01 0,00E+00 0,00E+00 0,00E+00 

Use of reused/recycled resources (other than primary energy) 

 

kg 3,70E+04 0,00E+00 2,96E+04 0,00E+00 0,00E+00 0,00E+00 

Use of nonrenewable primary energy 

 

MJ 9,45E+05 4,86E+04 7,69E+05 0,00E+00 0,00E+00 -6,76E+04 

Use of renewable primary energy 

 

MJ 4,56E+05 8,68E+01 3,66E+05 0,00E+00 0,00E+00 -1,21E+03 

Use of freshwater resource 

 

m3 3,15E+04 6,09E+01 2,52E+04 0,00E+00 1,02E+04 2,61E-01 

Components for reuse 

 

kg 4,44E+04 0,00E+00 3,56E+04 0,00E+00 0,00E+00 0,00E+00 

Material for recycling 

 

kg 5,40E+02 0,00E+00 4,34E+02 0,00E+00 0,00E+00 1,28E+08 

Material for energy recovery 

 

kg 1,16E-01 0,00E+00 9,26E-02 0,00E+00 0,00E+00 0,00E+00 

Nonhazardous waste to disposal 

 

kg 1,26E+04 6,99E+00 1,02E+04 0,00E+00 6,22E+04 1,28E+08 

Hazardous waste to disposal 

 

kg 8,78E+01 2,52E+00 1,05E+02 0,00E+00 5,62E+01 3,60E-02 

Radioactive waste   kg 2,65E+01 2,43E-03 2,12E+01 0,00E+00 0,00E+00 7,87E-02 
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