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Tama diplomityo kasittelee materiaalitehokkuutta monitoimikoulun rakentamisegsa.
tavoitteena on etsia materiaalitduutta Isadvia materiaaliratkaisuja, joita koulun
rakentamisessa voitaisiin hyddyntdd huomioiden myods materiaalien aiheuttamat paastot.
Tyon suorittamiseksi hyodynnetdan elinkaariarvioirjpda tutkitaan aihetta cadeohteen
avulla.Tyon teoriaosy koostuu mortoimikoulunominaisuuksiemsittelystd, tavanomaisten

ja vaihtoehtoisterrakennusmateriaaliesekarakennuksen elinkaariarvioinnin esittelysta
yleisella tasolla.

Poriin on rakenteilla kaksi ominaisuuksiltaan samanlaista kollirgkaariarvioinnincase
kohteena kaytetaan koulua, jonka suunnittelu on pidemntditikaariarvioinnintuloksia
voidaan hyddyntad seuraavaksi valmistuvamonitoimikoulun materiaaleja val#tessa.
Tutkimuksen toteuttamiseksi valitaan elinkaariarvointiin sopiva indikaattori gaoviisi
erilaista skenaariota materiaalien vertailemisgB@massa on laajalti erilaisia kiertotaloutta
edistavia materiaaleja, mutta hinta rajoittaa niiden kayttdonottoa rakentamiagekaien
valossa widaan todeta, ettd tavanomaisten rakennwsmaatien korvaamisella
vaihtoehtoisilla voidaan saavuttsekdilmastoaettakiertotalouttakoskeviahyotyja. Kaikki
vaihtoehtoiset materiaalit eivat tehosta molempia tutkittuja ndkdkulmia yhtaaikaisesti.
Vertailluista vaihtoehtoisista materiaaleista niggikin on vaahtolasimurskesilla seedisfia
kiertotaloutta ja vahentaa huomattavasti koulun elinkaaren aikaisia
kasvihuonekaasupaastoja.
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The purpose of t hi s thMamatdrial effciencyf Aneukifunstiorials t o
school. The aim of thistudy is to search material solutions for the multifunctional school,
that contributeto the material efficiency B increasingthe material circularityand alsoto
examinethe effectsthat thematerialshave on greenhouse gas emissioiifie dimate
impacts and circular economy perspectives are studied through a building life cycle
assessmentThe theoretical part ofhis study presents theharacteristicsof the
multifunctional schoolas well asthe characteristics of theonventionaland patrially
recycled building materials, that are considered as alternative materialddition, the
theoretical part includesgeneralintroductionto thelife cycle assessmenf the building

Two schools with similar characteristics are plant@de buit in Pori The life cycle
assessment is applied into tbeilding of thefirst one The results of the life cycle
assessment nahenbe useds a guidéor the materiaselection phaster the secondchool
To carry out thdife cycle assessment suitabk indicatoris selectedand five different
scenarios are createddomparematerialswith each othefmhere isawide rangeof materials
from secondary resources, but relatively higher costs limit their use in constriictiba.
light of the resud, it can be concluded thhy replaéng someof the conventional building
materials with alternativenescirculaity can be icreasedvhile also reducing thelimate
impacts. Not all alternative materials enhance botf the simultaneously studied
perspectivesThe most significant of the alternative materiaded in the comparisas the
foam glassaggregateas it promotes therculaity and smultaneouly reduces greenhouse
gas enssions during théfe cycle of the schoal
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1 INTRODUCTION

Climate changencludesa great number oénvironmental change$¥ut most ofterthe
concept is riatedto eitherglobalcooling or warmingThe indisputable fact is that thianet
Earth iswarming,and it is not known how mudind in vhat kind of timeframeAnyhow,
human activities do have an impact on how signiticdra crisis are we facing in thfeiture
when the temperature is risingt is estimated thaan increase of 81 6 °C in global
temperature can be crucial for mankind and many other species. Several effexgdotial
warming can be seen all arourne tworld but in some places, etfis are more influential,

such as othecoast, where sea levels are risi(framer 2015, 2.)

What distinguishes this climate change from the previous climate cheegams Earth is

the traceability to human actiorSlobal warming is the impact of ggnhouse effeethere
greenhouse gases (GH@sgvent heat from escapihgh e  Esarfade Bréesihouse gases
such as carbon dioxide (G methane (Ch), nitrous oxide (NO), ozone (@) and water
vapor (HO) are natural components of the atmosph@searesult of humaractions, the
amountof natural GHG have increased when industrialism spread widely around the world.
Human hagreatlyaffectedtheEar t hés nat ur al abarksaltotheman For
activities, synthetic GHGs has been created mdased to the atmospheBgnthetic GHG
compounds,perfluorocarbons (PFCskhlorofluorocarbons (CFCs)ulfur hexafluoride
(SFks) and hydrofluorocarbons (HFCsJoes not occur naturally in the atmosphdeth
synthetic andnatural compounds are releasido the atmosphere by human actions.
Especially CQ and Q have a significant effect on atmospheric procegégamer 2015,

55.)

Increasing amount of released £émissions has affected on natural carbon cydhe
burning offossil fuels, deforestattoand cement production are th&in reasonfor the
augment of the carbon dioxide emissiddsrrent constructiomdustrycontributes usingll
those high CQ@ intensve processes. (Framer 201B3.) Processing, transportation and
excavation of the constrtion materials are responsible of over 23 million tons of carbon

dioxide emissiongEales 2012)Thereforere-using and circulation of construction materials



in thelarge scalean have a great impact on redudihgenvironmental impacts related to
producing construction materials from virgin sourcésvareness of the concept of the

material efficiency is the first step towards sustainable congiructi

1.1 Background

The role of sustainability and circularity has been increasing in recent years. Sificéné9

concept of circular economy has become more familiar (Geissdoerfer et al. 2007/88)57

Also, the connection betweethe environmental problems drthe construction sector has

been substantiated (Araujo et al. 2013, 555). Buildings and construaive significant
environmental i mpacts. Approxi mately one t
about 40% of energy consumption are causechbyconstruction sector. (Kuittinen et al.

2017, 11.) Materiabelectionshave remarkable effecbn environmental impacts caused
during buildingsdé |ife cycle. Previous st
(GHG) emi ssions during bui | d¢dansummidbutiuse bfe c y ¢
construction materials comes second. (B+Hygekas et al. 2018, 17883)

With material efficiencya mo u n't of GH G 6 s white aconstriiceng a med u ¢ e d
building. Construction and demolition waste could be partly utilized as a secondary source
for raw materials. EU obliges that at least 70%aftruction and demolition (C&D) waste

must be recycled since 2020 (Euroopan parlamentin ja neuvoston direktiivi 2008/98/EY).
Some of these demolitionastematerials could be used into new building as they are, and
some materials are utilizable afteropesing Higher recycling rate of C&D waste can
provide more materials from the secondary resources back to the construction industry. In
this research, utilisation of materials from secondary resources instead of virgin materials, is
studied for the usef constructing a nevechoolb ui | di ng. This master

material evaluation of a new multifunctional school building in Pori, Finland.

Currently theras available information of environmental impafitsm several construction
materials. Als, genty of informationfrome nvi r onment al i mpacts s
by construction actionis available. However, material selections for the new buildings are

basel on experience more or lessand long supplier relationships. Therefore, some



information provided about environmental impactddferentmaterialsareleft neglected
There are no regulations in Finland that force the useatérials from secondary resources
in construction Nevertheless, there are several ecoladetstitlesthat can beachieved if
building fulfils all required criteriongEcolabel index 2020)Some of the criterions can
include implementing materials from secondary resources instead of (Krgttinen et al.
2017, 19.

In the city of Pori there are two similar schbaildings to be builtthe school oVaharauma
andthe multifunctional school d?PohjoisPori. The ganning of theschool ofVahéarauma is

a few monthsaheadthan the multifunctional school of PohjoisPori. In order to avoid
confusion betweeschoolsthetermmultifunctional school refers tatheschool of Pohjois

Pori and ternschoolrefersto the school of Vaharaumkn this research, upp-date building

data from the schoalf Vaharaumas used in the desigphase of thenultifunctionalschool

of PohjoisPoriin order to reduce environmental impact through efficient material choices.
Therefore, data of the conventional condinrcmaterials ofthe school of Vaharauma
collected and compared to the altdivea material choiceswhile the constrution and
planning continuesThese results can be utilized in the material selection phase of the

multifunctionalschool of Pohjoigori.

1.2 Obijective of the study

In this research information of the benefits of the material efficiency is provided by using
case bilding as a sourceBenefits of material efficiency are studied both theoretically and
with life cycle assessment (LCA) for the buildifthe issue is that is not known whether

the use of recycled materials is economical and worthvitnitbe constructon of a new
multifunctional schoobr not Goal of this research is to find outhat are the advantages
and disadvantagesf replacing conventional consttion materials with materials from
secondary resources from an environmental point of view. Whigstizction materials are

the best specifically from environmental and economical point of view?

This study pursues to find answers to the research qosgtesentedabove.This study

aims to guide material selection phase of constructing amdtifunctional schoofor the
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benefit of environmenand material efficiencyThe results of material evaluation can be
utilized in the design phase of other tgp buildings alsoThe client and financier of this
thesis is CIRCWASTE - Towards a circular econwy project, Resource efficient
construction and housing in the Pori regidrhe City of Pori, as a ebnancier, is
implementing a circular economy projedordinated by the Finnish Environment Institute
and funded by the EU's LIFE program.

1.3 Structure and limitations of the study

The research plan consists of a few phases. First phase is to present theoretical background
of the multifunctional schoqglits functionsand construction materials as generadllgena

life cycle assessmemnd related indicaterare presented. After thieeoretical approach

buil dingdbs material eval uagtogramandihesaddootoa, by
Building Circularity. Evaluation of the constructiamaterialsis performed by utilizindife
cycleindicators.Only those materials from secdary resources are included into life cycle
assessment that does not have significant impact dm the | ccosineffidéescy The last

step is to analyseesults in the perspective of environmental impa€tselected indicator

and circularity

Because the project of building multifunctional school is in the design pbalecore
structureswith a few exceptionare under the radar while material evaluatigafety and
health issues are highlighted in this study while bodda school foryoung children.
Therefore, uncertified alternative materials are left out of the LStApe of this researdh
school building excluding buildings located at the school.y@oshstruction materials below
the surface of the earth are ndtdna into consideratn in this researchlThe spectrunof
materials when inspectirthe case building is limited to the materials included inQhe

Click LCA program.Only materials available in Finland are included into the LCA.
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2 MULTIFUNCTIONAL SCHOOL BUILDING

In this section features of multifunctional school building are presdmefibcusing on
concepts and definitions related to multifunctional schmalding. Also, examples of
Finnish multifunctional buildings are providedhe multifunctional shool under the

examinations introduced later in this section.

2.1 School environment

The main goal of the creatirije new school environment is to prioritize safety and health
issues.The usetoriented éarning environmerdadapts @ the needs of the useTherefore,
new schools favor adaptable open premises over conventlasatoomsNot only physical
structures of the school are changing but the type of educatidrthe use of technical
equipment Growing number of robots mube consideredn the designand construction
phase ofmnew schoolbuildings, which can have effect on material selection when some
materials are easier to keep clean for exanipemises of the schools are designed for the
active use of computers, which affect mostly on furimg and placement of charging points

for electrical equipmentProject planning meeting202Q)

Nowadays work tied to exact time and place is considgssdleted. Technical development
contributes flexibility. Flexibility comes with requirements tegerve efficiency of work in

the current level or better. Multifunctional environment consists of several different premises
for different actions. Therefer there are fewer solid components than in conventional
schoolbuilding. Open concept premises ared while interaction with other students are
required. For example, open concept premises are advisable for group working. In open
concept premises groupsdifferent sizes can be formed and supervised. On the other hand,
education with the need of &trconcentration requires closed premises as does confidential
interaction. Change from conventional school premises to multifunctional may require more
rules, because use premises are determined by momentary needs. Digitalization provides
more flexibility, which is necessary to create a functioning school environment in
multifunctional building. This facilitate fluent information sharing and decrease thersamo

of paper needed for the education. Typical feature of multifunctional building is space
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efficiency and therefore less space is needed if compared to conventional building.
Multifunctional building is combination of multifunctional premises and in aoidiit

requires different methods of work. (Senaatti 2p18

2.2 Common features

Constructioris guided by many different requirements and goals. In addition to requirement
set out in laws and regulations, these include the functional and technical reqtsremen

the constructor. Sustainable development goals can be set from ecological, social and
econome perspectives. Choosing the most important perspesti@ne on a casky-case
basis.However, environmentally friendly construction does not prevent tange with

other regulations. Therefore, there is no need to compromise on safety or functvanidity
including environmental aspects into buildifiguittinen et al. 2017, 15.)

There are several examplesahfeady existingnultifunctional schools imll overFinland.

All multifunctional schools have some similarities regarding premises anditezided use
purposeThere is multifunctional school in Joensuu, which serves surrounding residents in
a more diverse way than meentional school (Myllyla 2019)n 2019constructionof two

new multifunctional schoslbegan onein Savukoskiand anotheone in Utsjoki Purpose

of multifunctionality in these schools are that thasen provide rooms for afternoon club
actions,day caie,community college and for other afternoon use in addition to high school
and primary school premises. (Lehto 2@19). Also, construction of a new concrdiased
multifunctional school has begun in Lahti (Lahti 2019). In Hameenlinna a new
multifunctional school was builtouple years agdrhere are no conventionelassooms

but education takes plagewider multifunctioral premises. (Ruonaniemi 2016).

Commonfeature ofall multifunctional schoolsnentioneds that they offemwide rangeof
serviceswhich are not limitedto the use of studestonly. They provide premises for
afternoon exercising and library for the sumding residents. As these cases proves, it is
possible to utilize premises more versatile way, which also improvesthe ho ol 6s r a

utilization. When there are no intended use of premises in educational purposes, those can



13

be utilized by other userbut when other users are not desired wandering all over the school

after school hours, lockable doors should be consitiehen designing premises.

2.3 Functionality

Finnish compulsory education consists of 9 year of education. There were 2187 schools for
compulsory education in the end of 2019. Share of comprehensive schools has been
increasingduring the last decadbut there are still a lot of schools with grades onig ar
7-9.(SVT 2020 According to Rimpel26s stRimigment
news agency Yle (2016), the utilization rate of Finnish schools is only 20%. On the other
hand, the utilization ta of gymnasiums placed into schools is considerably higher. The high
utilization rate is reached when gymnasiums are used for necr@adctivities after school

hours. In Finland, most of the school activities are executed in between August and June.
For that reason, rate of utilization is lower in summer. (Rukonen et al. 204Z1)150
increase utilization rate of conventional solsp in addition to gymnasiums, other premises

shouldbe in usdor a variety of purposes.

Difference between conventidnsachool and multifunctional school is versatilioy the
premises Spaces of multifunctional building are not built to serve an ska@upurpose,

rather they are designed to support various activities on different occasions as versatile
functional roomsDefinition of multifunctional school is a building that must primarily meet
pedagogical requirements and may also be used for vafiptyposes. Spaces are designed

for educational purposesut alsothosecan be used for other occasions in the aftemnoo
hours when spaces are exempted from educational Tuse.need of scheduling is
emphasized while utilizing premises efficientlijherfore, it is recommended to have
electronic timetable for premises. With electronic timetatilplicate bookings can be
awided Some of the main advantages of multifunctional scli®blgher utilization rate,

transformability,and space efficiency. (Mukst 2017, 1613)).

The multifunctional school, which is planned to be constructed in Pori has several features
for the use after school hours. In table 1 is presented main features of the school and number

of users. Number of users can variate betweersy®a presented itable 1, there are a lot
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of functions in the multifunctional building. Combination of features increases utilisation
rate especially after school houtsis possible that the school will be expanded later to
comprehensive schodt.is necessary to desighe building that way that expansion can be

done with minimal structural changes.

Table 1. Features of the planned multifunctional school in Re¥RIS 2020)

Number of users
Students 600
Staff 60

Featuresof multifunctional school in Pori

Day care Early childhood education
School Compulsory school grades6l
Health care Nurse & dentist

Local library Library & youth centre
Eating Restaurant & cafeteria

Sports Sport fields, exercise halqjultifunctional hall (dance & gym) and stage

In the multifunctional school there is a lot of premises for the educational use only. For
example,conservatory, art and craft premis@n the other handgremises for sports are
designed fobotheducational and recrganal activitiesThe \ersatile building serves a wide
range of users in the field of sports. Premises can be reservredrigational activitgvents
after the school hoursibrary of the shool is also in use of residents of the region. In the
vicinity of the library, youth centre is designed. As theeno access to the whole building
after school, the youth centre provides a place for young resilentshe areao acces
building traughthe library. In addition, dental services are designeavetheirown access
into the building, s®ervices can be used also after the school hbi@alth care includes
premise for magnetic resonance imaging (MRjructures in such premises arery
precisely defined, and this thesis does not editorialistiveln alternative materialswald be

utilized in these spaces.

One of the main features amultifunctionalschoolis thatpremises are designed for various
purposesTable 2 below provides examples of multifunctional premises designed for the

multifunctional school in Pori. Purpose of the table 2 is to demonstrate how flexible the
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building is designed to b&ome partsf the building are physically convertible for feifent
occasionsFor example, grandstand in the multifunctional hall is movablethereprovide
more space for activities or spectatoddso, some of the premises can be divided into
smaller entities by the foldable wall systes.presented in tab education can be done
in several premises instead of using conventional clasHele education can not be carried
out in wide spaces like squares and therefore conventional classeds@reeeded
Advantage of some of the designed clasisesersatlity for smallgroup areas when

education requires more concentration

Table 2. Flexibility of the multifunctional schodh Pori. (PRIS 2020)

Flexibility of premises
Premises Main purpose Alternative purpose
Classeswesides dining Area for education Cabinets
area

Provide space for .
Grandstand spectatos Area fa education
Multipurpose hall Hall for dance and gym | Area for education (health information
Class near library Area for education Club room andtudent union room
s Wide area for educationg Multiple smallgroup areas for

quares ) :

use educational usegahering space
Sport fields School exercise Recreational activities
Educatlon_class for Education of mathematia Multlpl_e smalkgroup areas for
mathematics educational use

Cells and the division of functions into different floors enable the creatiemaftscale
subassemblies and implementation of modern learning premises. In the multifunctional
school these floors are used to divide premises bgttlgentage groupsThe school yard

is also divided so that different age groups has their own pattie ofutdoor areas. One of

the matters which needaareful plannings the use of motor vehicles in yard areas. Once

again safety iparamount, and practicality comes second.
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3 OVERVIEW OF THE CONSTRUCTION MATERIALS

Selection of materials play an impartaole in designing a new buildingthe effects of
material selection cover the whole life cycle. Globally 3 million tons of materials are used
annually for construction activities (Eales 2012). The constructionrizata@re selected
primarily on the bsis of the experience and not scientific means. (Kanniyapan et al. 2019,
652) . According to EU6s Raw Materi al Scor
grown significantly in past 10 years and source extragrerassumed to increase 119% in
between of years 2015 and 2050. The largest share comes from extractionroktaiinc
minerals. The rapid growth in material needs is direct consequence of growing economies,
construction and manufacturing industries. tlee unit of mass, minerals used for
constructing forms a large share of the material consumption. Constructions stock materials
for a long time due to long life cycle of buildings. There are always some material losses
during the circulation. ThereforesWwer losses occur when constructiortenals are bound

to buildings for a long period of time resulting slower circulatidfter the use phase,
significant amount of demolition waste ends up disposal instead of recycling it back to the
circulation. (RawMaterial Scoreboard 2018, 12, 2@Jaterial circulation is presented more

comprehensively in the chapter 3.2.

Most of the pollutants related to construction materials are dysouction of them
Materials with the highest environmental impacts aterothose with the highest energy
consuumption during the productionEnergyintensive building materials also have high
carbon dioxide emissions which is the reason of several environmental impacts.

Nevertheless, relation between energy consumption amemental impacts is not linear.

Corcrete is highly used construction material and the most importanTbaedemand of
concrete has only increased during recent yeResnforced concrete is often used for
upholding structuredue to its strength propgees There are several concrete puots on
the market, some of which are prefabricated elements and others are castBaditceo
Torgal et al. 2013, 19) Concrete includes approximately -12% cement, whichs
responsible of mosdf the environmertl impactscaused by the production obncrete

Cement has one of the highest £#nissions due to significant energy need during the
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production.Rest of the relevant environmental impactpmiduction ofconcrete are caused
by transportation and extraction of aggregate. Globally, the usenecfete is twice as high
as the use of other building materietsnbinedaltogether (Petkar 2014, 342.)

Another very commonly used construction materiateel,which is used for example to
reinforce concretdn addition, $eel hamumerous uses constructionAs well as cement,
steelhas high energy demand which increase its environmental impacts. Globally, 4,1% of
the total consumed energy is usedramiand steel industriedletals such agon and steel
requirea lot of water during the pduction. Environmental issues related to iron and steel
industries are not limited into high energy and water consumption. It is proven that
production of the iromnd steel creates noise pollution, hazardous contamindtishand

toxic waste. (Petkar@®4, 3742.) Anyway, one of the advantages of steel asrastruction

materialis the recyclability.

Wood is one of the oldest and traditional building materialse to engineering wooden
products are adapting new properties to maintain the compeéiiseof the material.
(Zillacus 2016.) Wood as a construction material provides opportunity for both economic
and environmental benefits when the production oflssbod product provides direct jobs

and contributes to the maintenance of a diverse ecosygtewd is renewable source for
construction materials which means that production of wooden products does not generate
massive amount of greenhouse gases. Reasdhd low quantity of generated greenhouse
gases of wooden products are based on the caytobe, wood sequesters carbon when it is
grown and releases it after it is cut. However, the wooden construction products are not
recyclable. (Ritter et al. 201159.)

Glass is most used material for transparent elements of the building, such as vandows
glass doors (Zillacug016). Benefit of transparent elements are that those provides openings
for natural light to come through, which not only illuminate the room but also decreases the
amount of energy needed for lighting. Glass can also be useatrstdancrease the feelf

a spaciousippearance.
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Bricks are also one of the most common construction materials. Bricks are rigid and shaped
as rectangular, which makes them easy to use. However, bricks are not one of the essential
construction materialin western countriesather those are one option among oth®tker

building materials, such as plastic, textiles, and stone building materials, are often
incorporated into a building to some extéaitlacus 2016) In Finland thermalinsulation is

very important in a buildig, and itcan beproduced from several materials

A share of 20% of the furan and dioxin emissions are related to the production of the
following construction materials: cement, bricks, lime, glass, steel, iron and other non
ferrous metals. In additionhére are wide range of other materials used in construction such

as paint, plastic, sealants, wood preservatives. Even if the quantities of those materials might
seem irrelevant, production of those materials requires chlorinehwlve environmental
impacts of its own. Both concrete and cer
substantial. Wastage means the amount of materials that never end up being used. However,
all of the environmental impacts of the construction seater not consequence ofeth
material production and use, due to construction activitesl ofenergy, transportation of

thematerials equipment and maintenanisaotable (Petkar 2014, 342.)

The choice of material has an impact on the energy efégiefithe buildingMaterals have
defined value fothermalconductance which indicates how heat flux passes through the
building material The thermal conductivity value of energy efficient materials is low while
the value of permeable materials is highgenerally, aergy cosumption of buildings is
high when compared with other sectors of economic. Tiserariation between countries,
but globally 3640% of the energy demand is caused by functions of buildings. Especially
commercial building, schoad and other public buildings has the highest energy
consumptionHigh energy consumptiorelated to heat loss can be avoided by careful
building design. (Gul et al. 261155156) Choosing right materials is one of the ways to
avoid unnecessary energgnsumptionSpace heating is responsible of 26% of all energy
consumption in Finlan@OSF 2019)Space heatmrequirement includes heat losses through

the building envelope.
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The choice of equipment, the behaviour ofititeabitantsand the weather conains affect

the energy consumption along with the selected building matefislshown in figure 2
below, pace heatindorms the greatest share of buildings energy consumpkon.that
reason, designing phase with careful material selectbopsing é@veloped building
techniques and exceeding the minimum requirements is important. High quality buildings
andequipment can reduce energy need of the build(®gl et al. 2015, 15856.)

12%

Industry

D Transport

0,
26% Space heating

Other

17%

Figure 1. Energy consumption of househafdFinland 2018. (OSF 2018).

3.1 Quality of the materials

Lifetime of building can be increased by using high quality matefifsigher the lifetime

is the less solid waste will be generated. (Huang et al. 2023291 While building the
multifunctional school which estimated lifetime is 100 years, selecfamaterials should

be emphasized to ensure longevity of the buildDareful selection of materials for the
multifunctional school camlsoenhance energy efficiency, indoor environment, material
efficiency and can reduce health issues. Students spesanvkoage 125 hours per week in
school. Students can be exposed to indoor air pollutants, which are originate from building
materials,upholstery,and indoor activities. In addition to indoorrolate, safety in case of

fire should be taken into accour{GarciaGonzalezet al. 2015 Especially when the

building is designed for children, safety and healthiness is emphasized.
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In 2018 latest indoor climate classification wpsblished,and it is $ed as an aid while
designing and constructing a new building (Sisailmayhdistys 202®jle deciding
materialsfor the multifunctionakchool,indoor climate classification can be useful tfmi
assessing the safety and healthiness of therrakst In table 3arepresented indoor climate
classifications existing in Finlan&-category classification are used to define the quality
indoor environmentvhile M-category is specified for the emissions related to materials
(Sisailmayhdistys 20205 nce 2018 tkre has been only one acceptable category to describe
cleanliness of construction works, because lower quality implementations are not allowed
(Sisailmayhdistys 2020)2 classification is no more vdliandtherefore P1 requirements

must be me

Table 3. Indoor climate classifications in Finlan@hola et al.2019)

Indoor environment category Quality
S1 Individual indoor environment
S2 Good indoor environment
S3 Satisfactory indoor environment
Emissionclassification of building materials ~ Quality
M1 Good
M2 Satisfactory
M3 Low
Cleanliness classification of construction Quality
works
P1 Good
P2 Expired in 2018

In the newest release there are more than 4500 product and constnatgaal which have
M1 classificationThe target level for fine particles in indoor climate is set at a maximum of
50-70% of fine particles in outdoor air. (Sisdilmayhdistys 2D20

3.2 Materials recycling

Concept of circular economy consists of stages of the production and consumption system
including reuse, repair and remanufacturing products. The circular economy seeks to
separate economic growth from the consumption of limresburces whemconomic

growth can also be achieved in a sustainable Wascularity indicators can be seen as
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bené i ci al tools to achieve the target of
measured by one indicator because of the scale of the concept. Thereforéjrsteatars

have been created to measure circular economy for each purpose. Indicatdesguiding
information to contribute development in the area of circular economy. (European

commission 2020 b.)

The European commission adopted Circular EconoroiyoA Plan, which purpose is to
reach more competitive and cleaner Europe by increasstaisability and having resources

kept in EU great period of time (European commission 2020he European commission

has also initiative of raw materials, whichncerns on relying on materials from secondary
resources (European commission 2008). Irgirgpwaste recycling, minimizing disposal of
recoverable waste and improving product design are ways to enhance utilization of materials
(Raw Material Scoreboard 20181) Simplified material circulatiorrouteis presented in

the figure 2.

Exploration ' Mining q Processing ’ Raw

materials

Recycling Diezign

Final destination h Collection Production

TS Use, rensze

Figure 2. Material circulation (EIT RawMaterials 2019)
Unlike the linear economypresented in the figurecircular economy includes recycling

process, which returns some of the materials back to the circulation. The linear economy is

known from the take, make and waste mindset, which is a huge burden on planetary
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boundaries as the human population has ise@aver the year3he linear economy is
responsible for the rapid depletion of natural resources, which makes companies vulnerable
to supply chain disruptiond.inear economy also contributes isstiestare dangerous for

our future such as climate changnd loss of biodiversityBecause of the issues related to
linear economy, circular economy has become more attractive alternatavete{éf 2018,

1.) However,not all materials can be recoveréd each stage shown in the figure, material

loss occursand waste is generateout the most significant material loss ocowigen the
materials are directed to final destination such as ilhnBinal destinatiorprocessf the
figureincludes materials directed to energy recover and lang8jilincreasing the recycling

rate, less materials are directed to final destination and more materials are processed for new

purpose(Raw Material Scazboard 2018, 71.)

In Figure 3 is presented the shares of construction waste generated globally.t@hthpar
construction materialsupplied to the construction site end up as waste without being used
(Eales 2012). This can be consequence of poomgimieather conditions or failed
estimation of the amount of needed materils not possible to retn all materials back
to cycle by recycling because it might not be profitable or way of recovering them are not

yet known.
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Wood

Plastic

0003 0,12

Metals
0,02

Cables and wires
0,08

Glass
B 0,02

Ceramic
0,09

Bricks and clay products

0,04
Concrete,cement and
plaster

0.25 = Aggregate

Coatings and adhesives

Figure 3. Construction and demolition waste shafgsles 2012)

Material recycling isconsidered as an important factor for sustainabdiig it advances
material securityRecycling rate variates between matenaleremetalshavethe highest
recycling rate.(Raw Material Scoreboard 2018, 66, 70.) One of the very commonly used
constructbn materials is aggregate which recycling rate is assumed to be around 80%
(Saarinen 2018, 95)n Finland 45% of thd u i | dcoren @D svaste is recycled or-re
used.In many countries the share is much less than that, but the share could also be greater
as Netherlands has proven with its 90% recycling rate. (P2tkat, 44) Replacing virgin
materials with materials from secondary resources would contribute ciechaomy.
Quantity of available raw materials from secondary resources does not coverdehwnd

and most of the resources are still needed from virgin souRexs/cling rate can be
estimatedlifferently by thepoints in the recycling chaiin the begiming of the chaims the
endof-life point, which mean recycling before further treatment. Recycling carmatso

duringrecycling proces{Raw Material Scoreboard 2018, 66,)70
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Globally, C&D waste forms one of the greatest waste fl&xsavation ofvirgin materials,
significantenergy demand of producing steel and cement and pollution has major impacts
on environmentOn the other handecycling C&D waste has multiplbenefits sincet
reduces the need of virgin materials and amount of virsteted to disposal(Huang et al.
201391-92)

3.3 Alternative material choices

Buildings consists of multiple architectural structures. Materials from secondary resources
can be included into constructidn.the designing phase abuilding, preliminary plandr
guantities ofmaterials from secondary resour@ese made. Preliminanglan must be done
when choosing structure types and fillings. Preliminary plan is used as a base of
procurements durintipeconstruction phase. Because of the differences in thiabvigy of
materials from secondary resourcdsring construction andrgcurement phasmaterial
flexibility should be accepted. However, the minimum requirement for the quantities of
materials from secondary resoursésuld not be passed underneAinong other criterions

10% of materials should be renewable or recycledmiiglding a lowcarbon building.
(Kuittinen et al. 2017, 42.)n the case of a multifunctional school designed in Pori, the

percentage can be lower when the building does not ptirsuile of lowcarbon building.

Materials from secondary resources highly different in their origin and properti€ome

of these materials are close to natural materials in terms of technical and construction
propertiesThus, the use purposeds not differsubstantiallyfrom conventional construction
materials. (UUMA 3 2020.) Renewable and recycled materials, industriatpbyduct
materials, reused produascomponentsre defined as materials from secondary resources
In case of material is botrecycled and renewable, like thermal insulation from recycled
newspaperit must be counted in one category otdyavoid duplications when calculating
the real amount of materials from secondary resouResycledmaterials must be from
sustainable antesponsible sourceSafety,healthinessand suitability must be taken into
account and implementations ensured 4gsease. Utilization of structures and products
which areused athe constructiorsite without processingre not considered as a reaal

For example, som&tructureof anold building can be left in operation and these structures
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are not counted as a recychletlile constructing a new building around the old structures
(Kuittinen et al. 2017, 42.)

In the following table 4, constructiomn materials from secondary resources aesgnted.
Table4 includes only those construction materiabkich are available in Finlandlable4

does not include all materials from secondary resources rather the most feasible solutions
for the Multifunctiond school building in Poriare provided Most of the products and
materials are not purely from secondary resoureeauséhere are added virgin ingredients
during processing. Sharef recycledcontent of the alternative materialsealso presented

in thetable. Share of recyclembntentcan vaiate significantlybetween producertherefore

given percentages anet absolute for materials presented.
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26

Materials from secondary
resources

Share of
recycled materials

Source

Re-used components
Beams

Bricks

Paving stones

Pillars

Recycled nflatable wool
Fillings

Artificial stone/casted stone
Concrete

Foam glass

Insulation

Cellulose wool (woodibre)
Glass wool

Mineral wool
Upholstery

Ceramic products
Plasterboard
Polyestefiibre products
Woodplastic composite
Furnishing

Solid surface (plastic)
Decoration

Crushed bricks

Other

Aluminium

Bottomslag from waste
incineration

Crushed asphalt
Crushed tires

Fly ash

Natural stone paving
Recycled plastiproducts
Steel

100%
100%
100%
100%
100%

varies
up to 15%
99%

80%

80%

85%

varies
10-30%

up to 100%
60%

30%

100% (includes impurities)

84%

Blast furnace sand and gravel industrial waste streams

industrial waste streams

up to 100%

100%

industrial waste streams
0%

up to 100%

84%

Saarinen 2018, 95
Saarinen 2018, 95
Saarinen 2018, 95
Saarinen 2018, 95
Eko-Expert 2020

Suomen erityisjate 2020
Nieminen 2015, 68
Foamit 2020, 3

Isocell 2019
Isover SainiGobain 2020
Ruukki 2020

ABL laatat 2017, 5
Wallenius 2015, 14
Ewona Finland 2020
Suomela 2020

Durat 2020

Latti 2016, 101

Kingspan 2017
UUMA 3 2020

UUMA 3 2020
Erikoismedia Oy 2012

UUMA 3 2020
UUMA 3 2020
Kivitori 2020
Uusiomateriaati2020
Kingspan 2017

Concrete is commonly used construction matetiedrefore public buildings in Finland are
oftenconcrete base®hile demolition of buildings has become more common, amount of
concrete waste has been increasing. In Fthlaecycled concreteaste isoftenutilized in

a crushed fornm construction below the surfaoéthe earthlit is possible to process crushed
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concrete further than that like secondary material for new coné¢teteever, strength of
concrete icompromigdwhen there is recycled aggregate among raw materials. Quality of
concrete made of recycled materials is deterthibg the quality of recycled concrete.
Concrete can include materials from secondary resources, such as recycled aggregate and
fly ash, up ® 15%.(Nieminen 205, 7-19). Cement contained in concrete has the greatest
environmental impact in concrete prodant Betolar has developadlution forcement free
concrete, which is made from 95% recycled matenetséch reaches t60% reduction into
COhemi ssions. Li ke i n ma nsplutionofor prodecingconerete d u ¢
is based on replacing cemavith industrial side streams such as bfashace slagBetolar

does not produce products itself but offers the solutions for firmshwdnmduces concrete.
(Betolar 2020

For sme of the materials presentedhetable 4have been given completatgew purpose.
For instance, Foamit produces foam gkaggregatérom the recyclegheefglass and glass
bottles. Foam glass can be usednultiple ways in construction. The technical projes
change completely while processing foam glass ftamhed recycledlass.The benefit of
utilizing foam glass over some materials from virgin sources isfoarbon footprint (0,31
kgCO2/kg) and a lightnessof the material It is the lightest crustmaterial available on
markets. Foam glass aggregate has Al fire classificalioanks to the foamed cellular
structure, the thermal insulation of the foam glass crumb is excedfeain glass can be
used smilarly than crushed stone materials and it &sslfied to be lightweight aggregate.
(Foamit2020Q)

The ecycling rate of steel armluminiumis high in Finlandoecause those can be recycled
repeatedly without them losing their strengtiqualityproperties It is assumed that 84% of
the steel anédluminiumused in construction sector are recycled. (Kingspan 2&bihe
construction materials, such as bricks, begnigrs, and inflatable wool can be «esed
without processing. Unfortunately, there aot many materials which could be used directly
again in different construction site and available amount-ofesl materials does not cover
the demand. (Saarinen 2018,)95
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Cellulose wool presented in the table are made out of wood fibres. Cellutzdeis
manufactured from wood fibres which is already processed once as a paper. Then, from the
recycled paper is manufactured cellulose Wwéisocell 2019.)This method prologs the
circulation of materialswhich could be directed straight to the energcovery (EIT
RawMaterials 2019.)

Some of the materials are new on market, whadgdes question whether they are safe to use

in such building as a schodllassification ofmaterials from secondary resources can be
inspected. Many materials from secdary resourcespresented in table das M1
classification. Therefore, those materials can be conceived safe for the use of the

multifunctional school.
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4 LIFE CYCLE ASSESSMENTIN GENERAL

LCA is systematic method to recognize and evaluate environmenpalcisrelated to
producing and consuming product or service. LCA was developed in 1960s, but the method
has evolved significantly since then. To ensure the consjsteetween different LCA
studies, the method has been standardized. Global standardse imetudred phases,
principles, and framework of LCA. Valid standards which guide L@8earchare ISO

14044 and 1SO 14044. Therefore, conducted studies are compagdnidless where they

are carried oufHauschild et al. 2018, 187.)

According to 1SO14044 standard, LCA consist of four main phasdsch are goal and
scope definition, inventory analysis, impact assessment and interpretation. All four phases
are caried out by following the standar@oal and scope definitiaqguidethe LCA study to

the desired direction by setting specific objective and limitations. The life cycle inventory
analysis(LCI) phase consists inventory of input and output data. On thes b#nd, life

cycle impact assessmefitCIA) phase is conducted to help to understand mgaend
significanceof the resultsln the last phase of LCA results of LCl and LCIA are summarized
and analyzed based on the frame defined in the goal and scopgaephase(SFS EN

ISO 14040: 2006,-11.)

LCA takes into consideration the wholeelifycle of the product. The method focuses on the
used resources and methods during the prod
of the life cycle, whib has the greatest environmental impacts or the greatest possibility to
make improvementgfficiency of the use of resources, such as energy and raw materials,
are highlighted when searching for the possible improvements. In addition to product
developmet) LCA can be utilized to support decision making and marketitauschild et

al. 2018, 8-27.)

4.1 Conducting life cycle assessment in construction

Life cycle approach can be applied to buildingsvironmental performance of the studied
building can be cmpared with other buildings when the LCA is performed according to the
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standardIn fact, it can be useful tool to help with material selection decisibifie.cycle
assessment of buildings differs from the basic LCA and therefore SFS EN dta@dard
was created?urpose of the standard isdefine rules for th& CA calculations of new and
already existing buildingdSFS EN 15978,5.)

According to SS-EN 15804 (2012, 262) standard environmental impacts of the
construction materials can be evaluated with life cycle assessment. LCA of construction
materias consists of evaluation of thesed resources both material and enefgigh LCA,
quantity of tle harmful greenhouse gases (G§jGan be studiedmong other substances
that have impact on the environmegdust like any other products, production of the
construction materials causes waig environmental impacts. Environmental impacts can be
categoried into few groups by the impact aredimate change, photochemical ozone
formation, ozone depletion, acidification, eutrophication, water use and depletion of
resources. In addition, theaeea few more categories presented in SH$15804 standard
which concerns particulate matter emissions, ionization radiationfogaty, human

toxicity and land use related impacts.

Stageof theLCA are presented in the figure 4 beldvine figure cepics thebuilding level
system boundary provided in the SFS Ep78 standardAssessment off buildings can be
divided into four mainstages product, construction process, use and end of life stages.
Stages are divided into precise construction phdsesmodules are marked with the letters

A, B and C to prevent mixing processes between the stages. Therefore, tracking
environmental impacts back to the origin is effortless, even if the stages involle s
processes such as transportation. In additioh, B and C modules there are fourth module

D, which is implemented when there is available information on recycling, energy recovery
and reuse(SFS EN 15978, 181)
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Figure 4. The stages of the building life cycle assessm@&@HS EN 15978, 21)

One Click LCA is one of the several software tools created for the assessment environmental

performance of building Database of the program includes over088 construction

materals. Program is complied with EN and ISO standardsviging consistent and

comparable results. Program is automatized to calculate whole life cycle impacts. With the

add on tool, Building Circularity, One Click LCA provides shares of circulated materials

among the life cycle assessment calculation.

4.2 Life cycle impact assessmemdicators

Information provided withnventory flows, such as GOCHs, N.O and CFCs, can be

transferred into more understandable form by using indicdt®ig\ indicators are used to

help understanding the results of the LCA. Ehare broad selection of indicators describing
different environmental impactsCIA is carried out in five steps, where indicators play an
important role At first, impact categorycategory indicators and characterization models

must be choser®ne or moe i

ndi

cators

can

be

sel ected

needsThen classificatiosof the result@recompleted into selected impact categoridstd

step comprise categoimdicator result calculatignvhich is known as characterization. The

fourth step is normalizatigriollowed bythe last stepweighting.(Hauschild et al. 2014 -3

9.) By selecting right impact category, useful information can be provided by, LCA

regardess of the operation sector under the inspectimahctorsused in life cgle impact

f

o
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assessment ibustrateenvironmental impacts are introduced in tablBrevided indicators
are presented using EN 15804 characterization fa¢®FS EN 15978, 43.)

Table 5. Indicatorsof environmentalife cycleimpactassessmen{SFS EN 15978 2011, 43)

Ozone depletion potential (ODP)

Photochemical ozongreation potential (POCP)

Indicator Unit

Abiotic resource depletion potential for elements (AR kg Sb equiv
Abiotic resource depletion potential fofssil fuels (ADRssil fuels) MJ
Acidification potential (AP) kg SG" equiv
Eutrophication potential (EP) kg (PQ)* equiv
Global warming potential (GWP) kg CQ:equiv

kg CFC 11 equiv
kg Ethene equiv

The ndicatorsdescribesffectsof elementary flowsn different impact categoriesdicators

presented in table 5 are impact categookthe midpoint methadContrary to midpoint

method, endpoint modelling focuses ondlaenagesit theend of the path of influence. Such

indicators as ecosystem qualityrhan health and resource scarcity describes these endpoint

impacts.Endpoint indicators gives particular imfation of thecauseddamagesn the area

of protectionof the product systemHowever, more scientifically proven informatias

available of thendicator categories of the midpoint meth8eéveral studies substantiate that

inventoly flows have impacts o midpoint indicators, Wile the direct relations between

impacts and endpoint indicators can albtaysbe proven(Hauschild et al. 2014 -3, 23)

In addition to indicatorpresented in table 5, SFS EN 15978 standard includes indicators

describing resarce use, waste quality and output flowstable 6 are provided indicators,

which are used to describe the use of resouFegkwing table is gnplified version of the

list of indicators presented in SFS EN 15978.
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Table 6. Resource use indicatoSFS EN 15978 2011, 43)

Indicator Unit
Fresh water consumption m?
Non-renewable secondary fuel consumption MJ
Primaryenergy consumption (renewable) MJ
Primary energy consumptignonrenewable) MJ
Renewable secondary fuel consumption MJ
Secondary material consumption kg

Disposed waste can be divided into three categaspsesented in table Different sort of
waste hasdifferentenvironmentalmpacts and thereforeis important to categorize waste
streams correctlyluring the life cycle assessmenindicators inthe table are describing
categories of waste and output flows exceeding system bouhudinator d disposed non
hazardous waste covers generated wastetdddanto permanent storage such as landfill.
(SFS EN 15978 2011, 44Not all of the waste can be accommodated under the indicators

presented ithetable Some of the waste can be utilized aftexyt leave the system.

Table 7. Disposed waste indicatorby the quality (SFS EN 15978 2011, 44)

Indicator Unit
Disposed hazardous waste kg
Disposed nothazardous waste kg
Disposed radioactive waste kg

In addition towaste steams for disposathere are also other output flows, whiehves the
system Indicators for these flows are presented in tabledicators in the table describes
those productwith furtherpurpose butvhichare leaving the system under the resedfoh.
example, material for energy recovery indicator describes C&D waste directed to energy

recovery.

Table 8. Output flows exceeding the system boundé®FS EN 15978 2011, 44)

Indicator Unit
Components for reise kg
Energy forexportation MJ
Materials for recycling kg
Materials br energy recovery kg
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4.3 Selection of the indicator forthe material evaluation of the school in

Pori

This study uses the midpoint method for the life cycle assessment of environmental
performance othe construction materials. Selection of midpoint metbedr endpoint
method § basecdn reliability. In the midpoint methodesults are presented by uiitig
indicators describing caused environmental impacts. Tiegreat amount of research data

to support the reliability of these indicato@n the other hand, indicators of the endpoint
method are also based on research data. Howiev@more conflicted to prove that these
impactswould alwaysoccur when direct connection can not be verifigthuschild 2014,

3-9.) Figure 5 below is provided to help understanding the impact pathviag simplified

form. Contrary to the illustrating figureinstead 6 just one, there wide range of

environmental impacts and thus impacts on the areas of protection.

Inventory flows Area of protection
Atmospheric
.. Extreme .
Released emissions temperature Loss of human life
. weather events
increase
Midpoint Endpoint

Figure 5. Simplified impact pathway for the chosen indicator, global warming poteftialischild et ak014,
8)

Despite the fact that the aim of the research is to study the material efficiency of the school
building, the tiosen indicator is global warming potel. Seletion of the indicator from

the table 5 is based on finding the most informative indicator to evaluate environmental
performance of the buildingiongside of building circularityThe reason for choosing GWP

as an indicator for this LCA is theegh er al objective of t he
programme. LIFE programme is an instrument supporting climate and environmental actions
(The European parliament and the council of the European 2@b8) As an indicato

GWP provides information, whichcdame used to contri bute con.
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performance considering the climate perspectMaterial efficiency is therefore also
examined from a climate perspective by compa@GWgP indicator results

The tem of global warming originateflom the warming of climate system which is caused
by human activitieBoth terms, climate change and global warmargcomparable to each
other when the temperature is risifgHG emissionsare thereasonfor the increasen
radiative forcing and the only climatéorcing agentpresently taken into account in LCIA
methodologiesGlobal warming has extensive range of impacts and many impacts spreads
far from their origins, makinghe tracing of the impactathway challengig. However, at

the endpoint of the pathway there are several damage tnaasre related tglobal
warming. The direct ramification of GHG emissions is rising temperature of oceans and
atmospheravhich isfollowed by severatypes of immctssuch as melg of land ice, sea
level rise and extreme weather eventat the endpoint, these impacts can cause loss of
human lives and damage the ecosystsrdiversity (Hauschild 20148, 22, 39)

In the case aheschoolof VaharaumaGWPindicator is suitald for the assessme@lobal
warming potential as an indicator measures greenhouse potential of emiSd\dRgakes

i nto account greenhouse gases such as carhb
global warming. GWHs calcubated inCOzeq. (Euro pool system 2015 Elobal warming
potential is based on the global warming potential of each greenhouse asegobal
warming potential of a gas refers to the cumulative exposure from the emission of one unit
of that gas to globabarming compared tone unit of the reference g&30,, given a value

of 1. When the carbon dioxide is 1, values assigned to methane and nitrous oxide are 21 and
296. Value of fluorocarbons variates between 120 and 12000, whereas chlorofluorocarbons
variaies between 5700 ardd 900. Value assigned to sulphur hexafluoride is 22200. (IPCC
TAR 2001, 47.) These values describes the global warming potential in a relation to carbon
dioxide and enable global warming potential to be studied as an entity consalethmey

greenhouseages influencing on it.

It is essential to know how the information of the results can be utiPzeperly utilized
information obtained from the environmental performance assessment of the building can

contributeto the maintenance of the balance & #tosystem. In addition to the wb#ing
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of the ecosystem, large scale improvements in materiatehmay promote human health
and even save liveshe effects of the one or a few construction sites may no¢toeptible
but they are relevant in th®gger pictureGlobal warming is a global problem and GHGs
behind the climate changeenot just afecting the place they origin, but all over the world
(Hauschild 2014, 41)When LCA is implemented in the construction of the sclafol
Véaharaumait may have an influence on other cities and workaasendsetteof raising

environmental awareness
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5 MATERIAL EVALUATION OF THE SCHOOL BUILDING

There are two very similar schools to be built, where the other project is few moths further
than the otherAccordng to the size, the space progtaitme number of userand core
structuresthe school of Vaharauma is quite similar than the multifunctional due to which
they are suitable for comparison with each otBeth schools are designed to be concrete
based, with supports the idea of comparing the with each othan if the subject of this
research is the multifunctional schoblCA is conducted for the school of Vah&rauma
because there are more available data to comply the assesEme&ntethodallows up-to-

date research dat® be utilized to contribute envirorental performance of the new
multifunctional school buildingThe research results are thus obtained in time to be used to

make material choices for the mtuictional schoobuilding.

The subjetof the LCA research is the school of Vaharaartheconstruction of which is
scheduled to begin on March 1, 20Zhe school is being buiib Vaharaumantie 91, 28600
Pori. According to project plan the school will be completed on July 1, Z0#2grosarea

of the threestoreyschool is 6660Mmwhich is designed for 60&lementary schoatudents

and 60members of staffThe designed service life of the school is 100 years for the core
structures. Some structures such as yard structures, HPAC equiprdeitamatics are
expected to be outdated sooner,these structures are left out of the inspecfidrerefore,

it is assumed that all construction materials included into LCA last for 100 years without
maintenance requirememtigure 6 demonstrate thertstruction area and its neighborhood.
In addition tothe building itself, the yard area is also presented in the figjlhexe were two
other planswhere construction washaped andbcated differently in the are®ther two
plans were rejected by the use
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Figure 6. Locationplanof the school of Vaharauma retrieved from geject information syster¢2020)

The construction is located in the vicinity of kindergaséere the old school of Vaharauma
was placed before denitddn. New school is being built at the same logatibut there are
not any of the old structures left to be utilizéthe areais surrounded by detached house
settlement Traffic around the school area is quite restrawél the exception of school
busses and escort traffic, which makes way to schat# $or the young childre(PRIS
2020.)

5.1 Premises& functions of the case school

The school of Vaharauma consists of thmegn units which are divided by the classes. In
addition to conventional classmms, each unit has open premises which are cajiearss,
small group premises, storages and toilets. Squares are located in the middleSofuamnés
are used for gathering spaces &saching premises. In addition to small group premises
there are evesmaller spaces for the especially sensitive siisdehich can also be used to

separate students to smaller groups.
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The Finnish education system includes subjects such as art andhschirequires special
premises. For the handcraft education treeetwo units, one for soft materials and other
one for hard materials. Music education also requires its own space. Music premise has

special need for the materials since it must be sound insulated.

Gym is sized for fullsize basketball court that cae 8ivided into two equal sized areas with

a heavy curtainStoragesiear by the gym are essential for stospgrtequipmentAlso, a

stage isbeingbuilt, which is mobile by the situatiohen therearefour dressing rooms

with showerghatmust be impmented next to gym. External clients are also using the gym
after the school hours so access to changing room must be effortless from the outside.
Afternoon users are not allowed to wander elsewhesehool which supports the neef of
effortless dress gssing to the dressing roonEhere are more spaces for the physical

education outside, but those are left out of the inspection.

Dining area for 200 people is located in the middle of the schooti&mequirements for

the materials in dining area @®ncerning acoustics. Next to dining area is kitchen which
must be spacey enough to providachfor 600 studentand the staff membeesach day

There is one entry to the kitchen where food supplieslalivered to school. Kitchen staff

has premises fdoreaks and social interaction. Materials of the kitchen must be selected
taking into account sanitation need of the premise. In addition to main kitchen administrative

premises includes small kitchefus the use of staff.

Administrative premises suctsa pr i nci pal 6s office and stuc
in the vicinity of each other. Communication between these two must be effortless. Student
health care are in use for the students and eadtelients. Administrative premisésclude

offices, ghone booths and room for breaks and social interadti@uditioral to compulsory

element of student health care, the school has dentateaneeswhich is also in use of
external clients as welkastudents. Dental care with th@ay does require sgial materials

to be used.

Library of the school is in the use of all citizens as well as students. In the library, acoustics

must be taken account in material choices. In addition to all above mentioned premises there
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must be enough space for techniegliipmentcleaning toolsandone Siclassified air raid

shelter

Premises are not onlysed bystudents, but alsby othercitizens therefore increasinthe
rate of use of the school. Therefore, the building services multiple users and putpsses.
also beneficial to user wheseveral services can be found centralized at the one plaise.

feature is indeed similavith themultifunctional school

Figure 7 is the floorplan of the school of Vaharauma. Floorplan illustrates the functions and
premiss determined in the space prograhme first floor has the most complex space
program, includingclassroomssquars, dining area, gymdressing roomdpilets, student

health care including dental services, offioéthe teacherand several storages.

Figure 7. Floomplan of the first floor retrieved from the project bank 2020.

The figure 8 is the floorplan of the second flo&s.can be seen from the figuthe area of
the second fl oor i s s ntlaelhighespaces ¢f thenfirst flooe. Gymi r s t

and dining areawhich are locatednt he f i rst fl oor , reaches u,
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Figure 8. Floorplan of he second floor retrieved from the project bank 2020.
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The figure 9 pesents the floorplan of the third floor. As the figure illustrates, third floor does
not include any premises for the education purposes. Even if the third floor is not in active
use, there is an entrance in it for the sfélfffe premise ofhe third floa is designed for the

use of buildingechnology equipment.

P

-

L

Figure 9. Floorplan of be third floor retrieved from the project bank 2020.
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5.2 Structures & materials of the case school

The school is designed to beMenergy builthg. The scop@f anearly zereenergy building

requires zero net energy consumptiorvelfie of the school building mubt under 120

kWh/m? without utilizing renewable seBupporting energy system. The selection of the

main structures and materials aslked on the life cycle costs perspectiviecularity and low

carbon alternatives ataken into account in design and implementatiithey don 6t af f e c
the costeffectivenessThe ore of the school of Vaharauma is conciiedsed where load

bearing stuctures are made witleinforced concretpillars, beams and slabs.

5.2.1 Core structures

Core structures of the case school jaresented brieflyn this chapterOnly the common
elements mentioned in the project plan are inclulfene comprehensive defininsof the

materials used for each structure included into evaluation are presented in the chapter 5.2.2.

The inner layer bthe external wallds made of reinforced concrete elements which is
enlivened with grooved and graphic concrete laybe U-value of the structure must meet
the thermal insulation requirement of 0,17 \fmThe most relevant element ajad
bearing and stiffening partitions reinforced concrete, but structui@$en includes other
materials alsdo fulfill the requirements forhtermal insulation and acoustidsootings are
also made from reinforced concrete by castifige plinths are mde ofreadymadeplinth

elements.

Base element of thergund floorstructuress load-bearing hollow slabsOther common
elements arensulation and fiber leveling layer or concrete layétowever, the floor
structures differ in different parts of the schdue to some speciedquirements of some
premisesThe U-value of the structure must meet the required 0,16 /s well as
ground floor theintermediate floagaremade out of loadbearing hollow slabgntermediate

floorsdo not have bralue.
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Atti ¢ f | -catlue ndust belat least 0,09Wnto meet requirements. Structures includes
hollow slabs and roof elements. As an insulation, attiorfhasinflatablerock wool. Tin

roof is mechanically seamedsulting thevaterto bedirected to eaves and rawater wells.

5.2.2 The construction materials

In this chapter construction materials of the core structures are prederttezifollowing

tabes 9, 10 and 11, materials and elements of the school of Vaharauma are présented.
elements and materiafgesented in the tables are often repeated in several parts of the
structure. For example, the surface material may be implemented on bothf sfckesvall
structuresDepending on the location there may be several surface maitenals structure.
Surface materials are chosen for each premises by the room description. Provided tables
gives an overview of each structure without specific supgéta. More detailed data is used

to compile LCA

The Uvalues of each structures areegefinedby the architectand presented in the
following tables.U-values are used to descritee thermal insulation of the structuteaw
U-values indicates good instion of building.A well-insulated building is comfortable to

be in and some of thesht losses can be avoidsalving energy and costglore important

than the Uvalue of an individual structure is the overall energy efficiency of the building.
(Energiaghokas koti 2020.) In addition to the structures presented in tables 9, 10 and 11, U
values forexternalwindows and doors are sett®/m?K. As seen from the tables 9 and 11

all structures do not have-talues.Thermal insulation of the internal struatgris not

required when the temperature is the sameathside of the structure.

In the table 9 is presented materials and elements used in each horizontal structures of the
school. As mentioned, the school Hhsee floors where first and second areuse of
studentsGround floor of the school variates depending on the premises. In general ground
floor is made from surface material, reinforced concrete slabs, EPSirfkadationand

crushed stone aggrega®the bottom layer. However, wet floorsngyandair-raid shelter

special requirements for the materialsv&lues of the ground floor can variate between 0,15

W/m?K and 0,1IW/m?K. Structure of the intermediate floor is the simptefghe horizontal
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structuresas there is no need for thermal ilagion. Attic floor with the smallest Walue of
all the structures has the most complicated material requirements. Attic floor is

homogeneous throughout the school, except for the gym, where the hollow slaipécaed

by TT-slabs.

Table 9. The nmaterialsand elementef the horizontal structures of the school of Vaharauma.

Structure

Elements

U-value

Attic floor

surface material
sheetmetal, steel
bitumen felt

under boardingwood
air passage
inflatablerock wool
hollow slab/TFslab

0,09V/m?K

Intermediate floor

surface material
surface concrete
hollow slab

Intermediate floor,
air-raid shelter

surface material
reinforced concrete slab

Groundfloor

surface material
reinforcedconcrete slab
EPS floorinsulation
crushed stone aggregate

0,15V/m?K - 0,1IW/m?K

Ground floor,
wet room

tiling

mortar

waterproofing system
reinforced concrete slab
EPS floorinsulation
crushed stone aggregate

0,15V/m?K - 0,1IW/m?K

Ground floor,
gym

suface material

flexible surface floor
filler

reinforced concrete slab
EPS floorinsulation
crushed stone aggregate

0,15V/m?K - 0,1IW/m2K

Ground floor,
air-raid shelter

surface material
reinforced concrete slab
EPS floorinsulation
crushed stone aggregate

0,15V/m?K - 0,1IW/m?K

External wall structures are aggregated in the table 10. AHeoexternal walls are load

bearing structures, so they need heavy materials. Tdaeldaof the building differs in
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different sections of theuidding. Facade consists of both concrete and boarded surface
materials However, reinforced concreténsulation and surface materials are common

featuresin all partsof the external wall.

Table 10. The materials and elementsthé external wall structures of the school of Vaharauma.

Structure Elements U-value
Ext L wall reinforced concrete

xternal wall, . 2
precast mineral wool 0,1W/m<K

surface material
reinforced concrete

External wall, air passage
shell precast insulation

surface material
surface material
weatherboard
External wall, wall frame
weatherboard windshield wool
mineral wool
reinforced concrete

0,1 W/m2K

0,16/N/m2K

Internal wall structures are presented in table 11. Some of the structureadabeéoing

while other are not. For example, light partition walls are used to divide the premises, but
they do not affect the stability of the buildings can be seen frorhe table, there are also
differences in acoustieequirementdetween the wall sictures.In these light structures,

less materia areneededAs seen from the table, insulation is not mandatory element for
the partition walls. In this casesulation § added only in those structures where thermal
transmittance must be avoideshyhow, internal partition wallslo not require Uvalue to

be consideredCommon feature of the partition walls is plasterboard, which is used broadly

on the walls of the school.
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Table 11. The materials and elements of the pantitiwall structures of the school of Vaharauma.

Structure Elements U-value

Partition wall, surface material

load bearing reinforced concrete )
surface material

Partition wall, plasterboard, hard

classroonm#4db/ 48db plasterboard, regular )
mineral wool

surface material
plasterboard, hard

Partition wall, lasterboard, regular -
classroon60db p. €9

mineral wool

air passage

5.2.3 The alternative construction materials

The choice of alternative materials was influenced by cost efficiendtgbgity by the
thermal transmittance @Jalue) circularity and environmental performancalternative
materials to be added into a structure with a defined value for thermal transmittance shall
not impair the Wvalue of the structurét the end, threeonstruction materials were selected

for further inspectionSome materials such as wood wést out of the comparison of
alternative materials because it would require dramatic changes to the structure types and
was not approved by the builder of betthools. Only those materials could be studied which

are found from the calculation toahdavailable in Finland

Economic comparison is made cdmsecase for the alternative materials presented in the
table 4.Numeric values can not be presented wHiféerent materialgleviatefrom each
other enormoushResults of economic comparison aredxhon rough estimations of overall
costs. Not only priceof the produd, but installation and transportation methods alss

taken into consideration

Seleted alternative materials are foam glass aggrendietablecellulose wool and natural
store. Both foam glass aggregate and cellulose wool are made from recycled materials.
Natural stones were chosen to represent the benefits of using natural resmteees of

processed ondll selected materials descrilgkfferently the categoryof materia from
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secondary resourceBhere are several criteria for material selection, the most important of

which is the possibility to use in a mélinctionalschool

Cellulose wool can directly replace rock or mineral wool, when thalue, application
method and the costs are same. In this e¢aiatablecellulose wool can be used to replace
theinflatablerock wool insulation of the attic floor. Application ofltéose wool does not
have effecon U-valueof the structure as long as the selected product has the saaiadJ
than rock woolU-value of the structure is not compromiselten the replacement material
is added in the same amount with respect to theetn of heat flow which is in this case

upwards

On the other hand, concrete paving can be directly replaced with natural stones, because the
U-value does not need to be taken into account. Paving does not have any defined quality
requirements for wish natural stone is assumed to be a suitable alteen@his material
produced directly from natural stone directly affects the resources Naadal stones are
produced from virgin material, buhe low requirementfor processing can produce

significant reductions irthe generation ajreenhouse gas.

On the other handmplementation of foam glasequiresstructural changesvhich means

that Uvalues can not be compared between individual materials, but the comparison must
be made for the wholerstture.Following figure 10 presents structures af tiround floor

of the school. On the other hand, figure 11 presents structures of the ground floor when
insulation and crushed stones are replaced with foam glass aggiégste structure types

have similar U-values, and the Walue can be increased byding more foam glass

aggregate if needed.
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Figure 10. Structure type ofite ground floor(PRIS 2020.)

The list below presents the materials for the structure in figure 10.

1. Surface material

2. Reinforced concrete slabs, 120 mm

3. EPS 100 insulation, 100 mm + 100 mm (0,036 W/mK)

4. Crushed stones, 300 mm (size: 8¢é32
5. Soil

Materials of the ground floor structure are listed above. EPS 100 insulation and crushed
stone aggregate amciuded into all ground floor structures and cowdddplaced with foam

glass. Thickness of the materials varieties in different parts of the floor. For example, ground
floor of the civil protection area is thicker than elsewhere in the school, #tsee of the
reinforced concrete slabs are to be uséf@mint materials. Howevematerials above of
concrete slabs does not influence on the capability to use foam glass aggregate as an

replacement for the EPS and crushed stones.
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Figure 11. Structure type ofround floor with foanglass aggregatéf-oamit, 2016.)

The list below presents the materials for the structure in figure 11.

Surface material

Reinforced concrete slabs, 80 mm

N-type geotextile

Foam glassiggregate500 mm(size:4 € 2 0 mm)
N-type geotextile

Soill

o gk wbdE

Materials of the ground floor structures with foam glass aggregate are listed above. Adding
foam glass aggregate into the schgebtextile shall be added as well. As can be seen from
the figure 11 reinforced corete slabs are now added directly on tépgh® foam glass
aggregate and geotextile. With the thicknesses defined at the list height of the floor stays
unscathed. Therefore, addingedle extra elements does not influence other structures

changing the existg plans.



50

All of the presented alternae materials are affordable and thus would not incur significant
additional costs for the project. Even if there are some deviation in the castpiofng the
materials, installation methods can variate sigaifily, levelling the gap. For example,

foam glass aggregate can be a little more expensive material than EPS insulation and crushed
stone butequires much less installation workforce and time. In addition, the lightness of the
material saves transportati costs.One of the aspects which influesd the selection of
alternative materials for the assessment was diversity. Because of that, all three of the chosen
materials could be applied to the building at the same time to increase environmental benefits
of the building.All alternative material&ulfil quality requirementpresentedh this stage of

the project planning. All alternative materiaee selected on the basis of that they would
improve circularity of the building and decreasing generated hoerse gases during the

life cycle.

Even f the alternative materials presented in this chapter are partly made out of recycled
products or unprocessed resources the real benefits of implementing these raatenials
known.These materials will be indlied in the life cycle assessment alongsieventional
materials in order to assess their potential if they were later used to build a multifunctional
school.To conducthe comparison of théde cycle assessmeaotf the construction materials,
several senarios must be createficenarios are presented comprehensively in the chapter
5.3.1.

5.3 Life cycle assessment

Life cycle assessment of the school of Vaharauma is carried out by the standard 15804,
which is based on ISO 14040 series on L@A.presented eker, used calculatiorobl is

One Click LCA with an additional tool Building Circularity. One Click LCA is verified to

be congruent with EN 15978 standahta of products and materials are based on EPDs
consistent with the standard EN 158Bionova D18)

The Life cycle assssment is conducted in four previously presented steps considering only
the global warming potential of the construction mateoaturred during the product stage,

construction stage, use stage and end of life staigecycleaspect of the researchfismed
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when thewhole life cycle of the building i;ispectedvith the exception of the inputs given
in use phasdn the goal and scope definitiamapterthe frameworkand objective®f the

LCA is presented more comprehensively.

5.3.1 Goal and scope definibn

Goal of this research is to calculate climate impactthe construction materials of the
school of Vaharauman the perspective of GWRInd determine if environmental
performance could be improvdsy replacing some materialwith the alternative ones
Comparison is made by creating several scenarios where some of the construction materials
would be replaced with otheFhe research igaried out in such a way that the alternative
scenarios consider only those possibilities ath are rational and practical for the
multifunctional school in PohjoiBori, for which the results are then us&WP of the

building is calculated in C&equivalens.

Life cycle assessment of the school of Vaharauma is completedtadieto-grave
assesmentIn the absence of the informatjarse stage is assumed to have zero influence

on building.Evaluation of alternative materials can be conducted withoutdmgwse stage

into the assessmemiCA includesinputs to the following stagepgroduct sage, construction

process stage and end of life stagkerefore,system boundary of the research includes
modules ATA3, A4, A5 and CiC4. Selected functional unior the assessment is ttogal

building areeof the main buildingn the square meters.sAhe building does not yet exist,

the data used to produce the study is based on assumptions and estimates of the designing
teamincludinga r ¢ h i drawings, @efiitions of the structure types and other project

related documents

The scenarios are plemented in such way that the first scenamnbich is also known as
baseline scenaripresentshe building as it is intended to be built. The scendrjesenario

2 and scenario 8re similar to the firseéxceptfor replacing one construction matenaith

an alternative one. Alternative materiaisluded into LCAare presented in chapter 5.2.3.
At last, scenarid is presented in which all thre¢the alternativeonstruction materials are

utilized simultaneously. In case of the environmental perforce of an alternative building
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material is worse than in baseline scenario it is left outefdbt scenarid-ollowing table
12 shows the building materials that will be replaced by alternatiasin each scenario.
The table also includes the ma#dsi used to replace tlewnventionalones.The basline

scenario is not presented in the tabléhasscenario presents the schoal &sdesigned

Table 12. Conventional construction materialsthe school of Vaharauma to eptaced with alternative ones.

Scenario Conventional materials | Alternative materials
, Crushed stone aggregatg Foam glass aggregal
Scenario 1 EPS insulation Geotextile
) Inflatablecellulose
Scenario 2
Inflatablerockwool wool
Scenario 3 Concrete paving Natural rock paving

Foam glass aggregat
Crushed stone aggregatgq geotextile,

Scenario 4 EPS insulation, Inflatablecellulose
inflatablerockwool, wool,
concrete paving natural rock paving

When the environmental performance of the building with iffe construction materials

are assessed the perspective of GWP, construction products for the multifunctional school
can be selected by utilizing research results. In addition to environmental performance,
economic has high impact on material selectanichinfluences orthe range of alteative
materials. The aim is to compare conventional construction materials with the affordable
alternative material€ven if the energy consumption of the school is not included into LCA
U-values of the alternativstructures must be at leastaslowdse conventi onal
because the overall energy efficiency of the buildiag notsuffer from the proposed

alternative materials.

The calculation tool One Click LCA calculates life cycle impacts of the $dbesed on
entered inputsBecause the yppose of the LCA in this research is to evaluate material
efficiency the only prominent categories in the calculation tool are about construction
materials and building areBuilding circularity are assessed witietadd on tool Building

Circularity. Results of building circularity are based on the entered inputs.
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5.3.2 Life cycle inventory analysis

Life cycle analysis is conducted for teehoolbuilding, which is already designed but not

build. The processes withihé system boundaries ar@nufacturing and transporting the
construction materials to the construction site, construction of the school building and the
generation and transportation of tt@nstruction wastdJse phase is also included but it is
assumedda have no impact on lifeycle when the purpose of the assessment is to evaluate
environmental performance of the materiélge to the lack of specific data, materials that

do not belong to the previously presented core structures are not consideessl/aldlation

to preven@aberrationData used in assessment is retrieved from project information system
(PRIS). Calculation data is based on the area of structures when the quantities to be ordered
are not yet known. Therefore, some assumptions are noadenipile comprehensive

assessment within the system boundaries.

All assumptions are based on descriptions of thecwire types to ensusecuracyof the
assessmenbDefinition of the $ructure types was presented in chapter 5.2 Zase of
descripton of the structure tygedoes not definexact material to be usethe average
results of the calculation tool are used for Finnish materials prim&aly example, the
supplier of the reinforced concrete slabs has not been defined, so calculatiodusted

by choosing tymial Finnish reinforced concrete slabs specified by the calculation tool.
Typical materialon aEuropean Union scale Y& alsobeen useavhenthe calculation tool

lacks suitablé-innishinformation Some individual products have alseen selected dhe

basis that they best match the description, even though no specific supplier has been
mentioned Construction material inputs for the life cycle assessment are presented by the

category in table3
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Table 13. Material inputdor the life cycle assessment.

, Data source
Materials , .
Quantity Supplier
Concrete PRIS Calculation tool (typical)
Steel and other metals PRIS Calculation tool (typical)
Insulation PRIS PRIS
Wood PRIS Calculation tool (typical)
Gypsum, gypsum board and plaster PRIS Calculation tool (typical)
Plastic, films and covers PRIS Calculation tool (typical)
Soil, paving PRIS Calculation tool (typical)
Floor coverings PRIS PRIS
Surface materials arehemicals Assumed Calculation tooltypical)
ceramic tiles PRIS Calculation tool (typical)
doors,widowsand assembly parts PRIS Calculation tool (typical)
Foam glass aggregate Additional Uusiomateiraalit Oy

The materials presented in the tableloapresent in several different puatls. For example,
building includes several types of concrete for different structure types of the Sotioal.
inputs considered in an assessment are transporntéditios materials to the construction site
construdon process impactand assessmenepod Transportatiorprocessncludes both
distance to the site and transportation vehikctgacts of the transportatiggrocessesare

based orthose two inputsFor each material and product, the Nordic average digiedrby

the calculation tool for thelistance and the transportation vehicle was used for the
calculation.Therefore, transportation distances variates between 20 km to 180 km and all

the materials are transported along the road network.

Construction s& impacts have been estimated bydhleulation tool based on overall area.

Site impacts of the used input are based on Nordics average including various types of waste,
used fuels and electricitAssessment period is 100 years, which is the assumadhéfef

the school. Default all matels will last the entire period without replacingnd

maintenance

Building technology, furnishing, foundation, energy, and water consumption are left out of
the assessment due to lacking information. This data wbakk provided more
comprehensivéfe cycleassessment for the buildiiggoverall environmental performance.
However, when assessirenvironmental performance of constructioraterials for the

schoo] that information is not necessdnyprovide reliableesults
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Construction material inpsitof the assessment are based on the anebthicknessesf the
structures. Areas used for the calculations are presented in the4aBkeds are based on

a r c¢ h idtawirgs aldsdefinitions of the structure types. However, calculations of the areas
are roughwhich can induce slight aberration to the real results. Some of the stristtomes

in the tablearepresented in the unit @blume because area does notatdse them well

Table 14. Areasand volume®f the schoobf Vaharauma by the structure tygERIS 2020)

Structure type Area of the structure [m?]
Attic floor 3850 + 4712
Intermediate floor 2504
Intermediate floor, airaid shelter 126

Horizontal structures| Groundfloor 3261
Ground floor, wet room 44
Ground floor, gym 539
Ground floor, aitraid shelter 110
External wall, precast 31
External wall, shell precast 1538
External wall weatherboard 974
External wall, concrete 72

. Partition wall, load bearing 500

Vertical structures Partition wal, classroom 44db 27
Partition wall, classroom 48db 5496
Partition wall,classroon60db 131
Partition wall, foldable (glass) 56
Partition wall, foldable (opaque) 86
Paving 341
Foldable wallsystem (glass) 56
Foldable wall system 86

Other structures Doors external 63
Doors internal 643
Windows external 308
Windows internal 186

Structure type Volume of the structure [n]
Pillars 47

Other structures Stair structures 13

The height of the first two flooris four meterdo which the areas have been calculated. The
height of the third floor is 4,3 meters on eage when the roof is incline@ihe gross area of

the first floor is 3954 rhand the gross area of the second fisd?385 m. The grossfloor

area of the third floor is considerable smaller than the first two, because it is not in use of the
students anstaff. Area of the third floor is 213,5#iThe area of the attic floor is represented

by two values. 3850 fiis the area of the horizontal section of the attic floor structure, when
4712 nt is the area of inclined section of the structure including e@Jss, areas of the
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high premises, such as the gym, are considered separately in the calculations. Occasional
loweringof the room heights not taken intaconsiderationn the calculation.

Material inputs considers only the main buildir@ther constraits related to life cycle
assessment are mainly due to lack of knowledge at this stage of the [@ojeetmeerials

and fixed furniture are decided later, as the project prodéattrials below the surface of
ground are left out of thinspection. Pilng is one of the core structures of the building, but
piling elements are not taken into consideration iniftbecycle assessmerther relevant
components not considered in the life cycle assessment are toilets, sinks, showers and other

furnishing prodicts.

The biggest difference between a multifunctional school and a conventional school from a
life cycle assessment perspective is the specific material needs of a multifunctional school.
As the table shows there are 56ahtransferable glass structures and friransferable
norttransparent structures. These special features are not present in a ooal/entiool,
which in turn contains more solid structures. In general, the quantity of materials used for
partition walls in multifunctional school is smaller, as more open premises are preferred in

the multifunctional schools.

5.3.3 Life cycle impact assessment

Resultsof the life assessmenalculationsare presented in this chaptérput based results

are obtained from the calculation tool. Selected indicator for this assessment is GWP, so the
results are presented in theittkgCO,eqor kg tCOzeq This section focuses on assessing
generated greenhouse gaskdifferent entitiesn various scenario®lso, circularity aspect

is presented in the end of this chapter.

There ardive different scenarigswhere the first one ibaseline scenario, presenting the
results of the school dfaharauma based on data inputs of the defined structure types.
Scenario 1, scenario 2 and scenario 3 are the same as the baseline scenario, but with an
exception. Each one of those three scen&ids one material or structure replaced with an

alternativematerialsuch as presented in the chapter 5.3denario lpresents result of
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ground fl oor 6s c¢r us h ereplacemeant withieam aylasd aggdéy&e i n s
and geotextileScenario 2 nglacesinflatablerock wool insulation with cellulose woaind

the results entity created with alternative material are presented scenarioresults
indicatethe difference betweeroncrete pavingindnatural stone paving. Finally, the last
scenario epresentgesults whenall alternative materials implementedto the school

together as an entirety.

Figure 12 presents thglobal warming potentiatiuring the life cycle of the school of
Véaharauma. In the figurgeneratedyreenhouse gasesntributingthe global warmingare
divided by the stages of the life ¢gavithin the system boundariResults presented in the

figure are concerning only the core structures presented in the life cycle inventory analysis.

Greenhouse gasebaseline scenario
1800

1600
1400

1200
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400
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0 m— ] I

Al-A3 Ad A5 C1-C4 Total

Figure 12. Greenlbuse gasesf the schoobf Vaharaumdy the life cycle s&ages.

As can be seen from the figure, product stageA8lhas the most significant influence on

the life cycle. Raw material supply, transport and manufacturing together forms 1388tCO

of total 1612 tCQeq (84.2%).In the product tage the amount of generated GHGs is
significant when compared to other stages. Therefore, it provides perfect opportunity to
reduce large amount of greenhouse gases by comparing and selecting less carbon dioxide

intensve construction materials.
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Constriction stage includes modules A4 and A5. In the table module A4 represents
generated greenhouse gases during the transportation of construction materials to the site.
Transportation to the site by using typical Nordiansportation distances and vehicles
generates 43.1 tG@Oq of greenhouse gasdsansportation to the construction site might
seem significant proce$sr the projectn the cost perspective depending on the location and
used materials. However, transpddatdoes not require marine cargos@s or air freight,

when the materials are acquired from Finland leaving the shampatt on global warming
potential Global warming potential of the staget is only 2,7%.Module A5 (installation

of the materialsqre responsible of thgeneration of 123.5 tG@q which is 7.7% of the total

global warming potential. Installation process includes disposal of surplus and waste
materials generated in the site and energy requirement during the construction.

End of life stage including module€1-C4 generates 86.9 tG€&y (5.4%) of the total
greenhouse gases causing the global warming potential. End of life stage results are also
based on typical Nordic values of demolition operations. Influences of the construction
process stage and the end Igé stage are insignificant when compared to product stage

where materials for the school are produced.

Once the most relevant stage of the life cycle has been discavénegerspective of global
warming potentiglcan be defed into ts details. Product stage is responsible of 84.3% of
t he | i d globakwanning potentialmeaning that the production of construction
materials is in the key role of generated GHEigure 13 presents where ttwal 162

tCOzeq are formed.
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Global warming, kg CO2e - Resource types

Concrete - 47 1% Insulation - 13.3%

@ Netals - 10.5% @ Gypsum, plaster & cement - 9.8%
Construction site - 7.7% @ Doors & windows - 7.4%
Plastics, membranes & roofing - 1.6% @ Wood- 1.5%

@ Masses - 0.7% Oither resource types - 0.6%

Figure 13. Impact of resource types theglobal warming potential.

As the figure shows, the most relevant material in the perspective of global warming
potential is concrete. Various types of concrete used for buildiregtoml genextes 47.1%
of the total generated GHGs, which means 758#&Q0The reinforced concrete slabs are in

major role of that percentage share by generating 339.8tC0O

Another relevant element is insulation. In the Nordic countries the impormntsulaton

is huge, when the four seasons causes substantial variation on the outside temperature. As
can be seen from the figure, 13.3% of the
production, transportation and the end of life treatmetiie@isulatbon materials. There are

five insulation types included into building: rock wool, EPS, PUR and glass wool. Rock
wool is responsible of 136tC0O,eq which forms 63.9% of global warming potential. Share

of EPS insulation is 18.8#nd PUR insulatio is 13.8% bthe global warming potential of

the thermal insulation included into the school

The role of metalss almost invaluable in construction theschod, metals are used for
reinforcing structures especially concrete ones. Therefore, 10f.58€ GWP are formed

from the operations related to processing metals. 60.9% of those greenhouse gases comes
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from rebar and 32% comes from the galvanized steel used faptieeyer of attic floarAs
the figureshows other resource types forms greenlogsases fronthe share of 0.6% to
9.8%.

Figure 14illustratesthe importance of each materfal contributingthe global warming.
The larger the bubble,ishe greaterthe impactsare for the climatein the perspective of
GWP. The figure is formed frorthevalues offigure 13 but the resource types are separated

into smaller entitieso reveal major factors

Concrete slabs

Mortar
Concrete

Specialty gypsum board Steel and other metals

Structural steer' @ Insulation
© Wood
Gypsum, plaster and cement
Galvanized Stgilncrete structure Plastics, membranes and roofing
Glass doors, Earth, masses and stones
Rock woal _) Flooring
) Coatings and pastes
Concrele products Bricks and ceramics
wi ﬂﬁ" W‘"ﬂ J5 Other @ Doors, windows and parts
Soil & gravel Construction site operations
Bitumen & roofing Utilities

Gypsum board Plywuod I

Ready-mix, walls & floors

Rebar

Figure 14. Bubble chart representingtal life cycle impacof materials and products the perspective of
GWP.

Oncethe baseline scenario is reviewed comprehensivedylts of the other scenarios can
be compared with it. Figure JBesentghe global warming potentiaf eachscenaridoy the
life cycle stagesBaseline scenario is algmresented in the table so thesuks can be

compared with each other.
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Figure 15. Greenhouse gase$each scenario presented in f8Q.

As the figure shows life cycle of the school in the baseline scenario generates the most
greenhouse gases, whereas thenado 4 generates leadn all scenarios where
conventional building materialare replaced with an alternativeng the total global
warming potential of the life cycles reduced.The largest change for single exchanges
material occurs in scenario ®@here inflatable rock wool is replaced with cellulose wool.
Almost as huge impact is obtained in scenario 1. On the other hand, scenario 3 does not
provide significant improvements whe€ompared with the baseline scenario. Anyhow, the

alterative materialaplacement is done for the smallest gross floor area.

The largest changes between scenarios occur in product stag8, BY replacing some of

the conventional construction matesialp to 62 tC@eq greenhouse gases can be saved from
the production stagalone as the scenario 2 shows. Cellulose wool is partly made from
recycled materials, which is why thetal global warming potential islecreased when
compared to baseline scenarReduction of GHGs are due pyoduction stagebecause

lesser processinis needed for recycled materials than the virgin one

Foam glass aggregate used in the scenario 1 is classified as a recycled material and thus has

a reducing effect on greenhowugses, even if the processing of recycled glass products into
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the aggregte requires plenty of processi@nceagain,the most meaningful stage for the
reduction of GHG is product stage.

Scenario 3 deviates only 2 t@£9 from the baseline scenario, whits directly due to
production requirements of natural stone pavinguh#é stone paving does not require as
carbon intensive procedures as conventional concrete paviagediuctionmight not seem
substantial when compared to other scenariost bbbuld be noted that the tiling has only
been changefbr thearea of341 n¥.

Impacts of construction installation process (A5) stays the same in each scenariothecause
changes are ntdrgeenough to destabilize greenhouse gas emissions by thousa®@s o
equivalents Construction installation process is tbecond most influencing, in terms of
global warming potentialproducing 123,6 tCtq despite the scenario. Construction
installation process is calculated with typical Nordic values which isdbase the

construction area of the school.

There are minochanges in mdules A4 and GC4 betweendifferent scenarios. When
compared to baseline scenarimpacts of transporting construction materials to the site
decrease only in scenario 1 and scenario 4. In the scenario 1 crushed stone and EPS insulation
was eplaced with foam glass aggregate and geotextile. As an input of baseline scenario
crushed stonaggregate is transported by dumber truck from a distance of 20 km. EPS
insulation is transported by trailer combination from a distance of 180 km. Datadsdrase
typical Nordic values and transportation methods. In scenageaciextile is transportday

trailer combination from a distance of 110 km. Foam géaggegateomes from Finnish
producer from a distance of a 130 km with a dumber truck. Becauke bflitness of the

foam glass aggregate, more material can be transported with one vehiolgt wikbeeding

the weight limits. Fewer transportation vehicle requirements reduce not only GHGs
contributing the global warmingyut also the cost of transpditm. Global warming
potentialof the scenario 4 in module A4 is directly dueingprovements daeved with
implementation offoam glass aggregat@ther alternative materials, cellulose wool and
natural rock paving have increasing effectgbobal warmingpotentialof the module A4.

Meaning that the inflatable cellulose wool and stone paving reqgoioge carbon intensive
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transportation methods. Yet, the changses particularly insignificant resulting the global
warming potential increase only 0Q@.eq.

In the next figure is presented generated greenhouse gases of the scenaaiea per
Therefoe, results of the figure are presented in the unit of kgG@n2. Purpose oftte

figureis tovisualizes the benefits of alternative materials.

Greenhouse gases

220
215
210
205
200
195
190

Baseline Scenario 1 Scenario 2 Scenario 3 Scenario 4
scenario

kgCO2eq./m2

Figure 16. Greenhouse gases of each scenario of the school per square meter.

As the table showsthe amount of greenhouse gases generated per square meter is 223
kgCQeeq./nt, which is the same quantity as in scenario 3. In scenario 2 gresngas
reduction when compared to baseline scenario is as muctkg€0geq./nt. In the scen@o

1 the amount of generated greenhouse gases per area is 21£&4g@Owhich is almost

as low asn the scenario 2. As mentioned earlier the greatest imp@vis occur in the
scenario 4, when multiple materials are replaced with alternative ondsal ®larming

potential per square meters of the scenario 4 is therefore only 204éqG®.

The table 15 presents the togbbal warming potentiabf each sceario. In the table
reductions of scenarios 1, 2, 3 and 4 are calculated in relatlms&dine scenario. Results
are presented ithree different formsFirst the results are presented in the functional unit
tCO2eq which is the reduction in the totaloglal warming potentiallhen the reductions in
the results are expressed as percentagesake the effectiveness of the results easier to

detect Finally, reductions are presentek@CO2eq/Mreplaced material T his form of presenting
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results elucidatethe real impact of each alternative material regardless of the area to which
they are inplemented in the LCA.

Table 15. CQ%quivalentreduction achieved by replacing conventional materials with alternative ones.

Scenario Total quantity |Reduction |Reduction Reduction
[tcozeq.] [tCO Zeq-] [%] [kgCOZeq/mzreplaced materiaﬂ
Baseline scenari| 1612 - - -
Scenario 1 1552 60 3.8 15.2
Scenario 2 147 65 4 13.8
Scenario 3 1610 2 0.1 5.9
Scenario 4 148 126 7.8 14.1

As mentioned ea#dr the reduction in scenario 2 is the most significant ofAgtonishing

65 tCQeq can be reduced just by replacing inflatable rock wool of the roof structures with
cellulose woolMeaning 4% reduction when compared to the whole school building with
the conventional construction materialce®ario 1 provide8.8%reduction ofgreenhouse
gaseswith the 60 tCQeq reductionEven the replacement of paving in the scenario 3 saves
2 tCOzeq If all alternative materials would be implemented into the schooheg the

reduction would be 126 tG€q, which is 7.8% of thtal quantity of greenhouse gases.

As the table shows foam glass aggregate is the most influencing material when those are in
the same scal&caled reduction of the foam glass aggregats.’ kgCQeq/NFreplaced material

Cel |l ul ose wo alpefamaace s the second besttcausing the scaled reduction
of 13.8tCO2edm?eplacednaterias Natural stone paving provides k§COxeq/Nfreplaced material
reduction, which reflects that plementing that material on greater scale would dispense

improvement possibility.

Next the embodied carbon of thehool buildingcan be scrutinised. Embodied carbon means
the carbon footprintFigure 17 presents the shares of embodied carbon by theydike

stages.
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Figure 17. Share of embodied carbon by the life cycle stage.

As presented in the figure 91% of the embodied carbon are related to materials in the
production stage ARA3. Material supply, transportation of raw reaals and manufacturing
processes are increasing carbon footprint the most9Rest the carbon footnt consists

of the processes of A4 and {€C#4 modulesHorizontal structures are responsible of 60% of
carbon footprint, whereas vertical structures31Remaining 10% consists of other

structures and materials.

One Click LCA pr ogrmgreocslarity ¢ designad tad optonize tleu i | ¢
circulation of the materials. Building Circularity tool is used to guide the construction action
from the lirear economy towards circular economy. Basic concept of linear economy
includes three phases: take, makel dump. On the other hand, circular economy process
consists of three principles: reduceuse and recycle. (Bionova Ltd 2Q)Blext the results

of the circulation of the building is presented for different scenarios.

One of the most valuable thingsfluencing on the selection of examined alternative
materials was circularityfSome of the alternative materials increased the circularity while
otherswere irrelevant to itBuilding circularity takes into account also the transportation
during the lifecycle stagesFigure 18 presents the building circularity of the baseline

scenaridbased on the mass values
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Figure 18. Building circularity of the baseline scenario.

As thefigure shows, 95.6% of the materials usedtild the school come from virgin
source. Only 1.1% of the materials are renewable and 3.3% recycled. Renewable materials
of the baseline scenario are modtlym wooden products such as plywoodheTstructure

type descriptions containamhly little quanity of wood explaining the share of renewable
materials. The share of recycled materials of the baseline scenario are mostly due to
insulation type of the inteal wall structures, where there is mineral wool insulation.
Selected mineral wool type includescycled materials. The building circularity score of
22% represents the total material circularity, which is based on data of both materials in use
and end blife treatment of those. 5.8% of the used materials end up recycling, but none of

them could beeused6.6% of the materials are guiddulectly to the disposal

As the building circularity of the baseline scenario is already presented, the reshés of
other scenarios can be inspected as Wéjlure 19 presents the building circularity of leac
scenario.Baseline scenario is also presented in the figure to elucidate the differences

between other scenarios compared with it.



