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Abstract

Abstract

Purpose: A slow development of living walls in Sweden is partly due to lack of
experience and knowledge in the construction industry. Former studies point at
challenges of adapting the technique in a Swedish climate and the importance of
planning, knowledge and cooperation for the maintenance. The objective of the study
is to analyse a sustainable maintenance by technique and maintenance planning of the
system living walls in order to answer these challenges.

Method: The study is based on a qualitative approach where the methods are
document analysis, interview and observation. Document analysis gives a status
report of the implemented living walls in Sweden and introduces strategies for
maintenance planning. Interview with relevant participants contributes with
experiences concerning technique, maintenance and maintenance planning.
Observation confirms the information about the technique.

Findings: The study shows that none of the observed solutions can be considered
completely sustainable, though they do have some sustainable qualities. Living walls
have strong social and ecological benefits, where the vegetation contributes to
increase ecosystem services in urban environment. A less use of resources is
necessary for a sustainable technique where the use of stormwater, local resistant
plants, lasting construction and recycled components promotes a sustainable
environment and economy. The felt system is simpler in its design while the modular
system is more flexible. A common objective among the observed projects is to create
a maintenance-free solution as possible. Acceptance for resting plants during winter
can lower the demands of the maintenance. Technical monitoring facilitates the
maintenance but the manual handling of living walls is crucial. The frequency of the
maintenance varies from each project where the client’s choice, placement of the wall,
type of solution, size, plant choice and season affect. Therefore, it is important with
planning and constantly evaluating a walls needs. The majority of the observed
projects do not have a maintenance plan but the study shows success by a common
objective, site analysis, goal-oriented maintenance plan and experience feedback.

Implications: The conclusion of the study is that the technique of living walls needs
to be evolved to leave a smaller footprint on the environment and the economy. The
development is towards a maintenance-free solution but the manual handling can not
be replaced by advanced technique. Every projects individual conditions demands
thorough planning and continuous evaluation of the wall.

Limitations: The study discuss living walls in the Swedish urban climate, where the
result is based on experiences from projects developed in the southern part of Sweden.
Other geographical placement causes different conditions for technique and
maintenance. General assumptions can be made concerning the maintenance planning.
More interviews with maintenance staff can contribute with other aspects to the
analysis.

Keywords: Living walls, vegetation walls, vertical garden, livings walls in Swedish
climate, hydroponic system, maintenance plan for living walls, maintenance of living
walls




Sammanfattning

Sammanfattning

Syfte: En langsam utveckling av levande véggar 1 Sverige beror bland annat pa
bristande erfarenhet och kunskap inom byggbranschen. Tidigare studier visar bland
annat utmaningar gillande teknikens anpassning till ett svenskt klimat och ett
kravande underhdll beroende av kompetens, planering och samverkan. Mélet med
studien dr att analysera ett hillbart underhdll utifran teknik och underhéllsplanering av
systemet levande viggar for att kunna besvara dessa problem.

Metod: Studien dr av kvalitativ karaktdr ddr anvdnda metoder dr dokumentanalys,
intervju och observation. Dokumentanalys ger en ldgesbild av implementerade
l16sningar 1 sodra Sverige och strategier for underhdllsplanering. Intervju med
relevanta aktorer bidrar med erfarenheter om teknik, underhdll och planering.
Observation bekriftar information om teknik.

Resultat: Studien visar pd att ingen av de studerade konstruktionsldsningarna kan
anses fullstdndigt héllbara, men det finns systemldsningar som har mer eller mindre
héllbara egenskaper. Levande viggar har starka sociala och ekologiska fordelar, dér
véxtligheten bidrar till att oka ekosystemtjdnsterna i urban milj6. En mindre
resursanviandning dr nodvéndig for en hallbar teknik, dar naturlig bevattning, lokala
taliga vixter, varaktig konstruktion samt atervunna materialkomponenter framjar
héllbar milj6 och ekonomi. Filtdukssystem &r enklare i design medan modulsystem é&r
mer flexibelt. Ett gemensamt mél bland studerade projekt &r att skapa ett sa
underhéllsfritt system som mojligt dir viggen far leva pé naturlig vig. Acceptans for
vilande vixter under vinterhalvaret kan sdnka krav pd@ underhallet. Teknisk
overvakning underldttar men manuell tillsyn &r vital for vdggens Overlevnad.
Frekvensen pd underhéllet varierar fran projekt till projekt dir kundens onskemal,
placering, typ av végg, storlek, vaxtval och arstid paverkar. Darfor dr det viktigt med
planering och kontinuerlig utvirdering av behov. Majoriteten av studerade projekt har
ingen tydlig underhdllplanering, men studien visar pd framgéngar av ett tydligt
gemensamt mal, tidig involvering av driftpersonal, platsanalys, malinriktad
underhéllsplan och erfarenhetsaterkoppling.

Konsekvenser: Studiens slutsats &r att tekniken for levande viggar behover utvecklas
for att for att ldmna ett mindre fotavtryck pd miljo och ekonomi. Utvecklingen gér
mot ett sd underhéllsfritt system som mojligt, men den manuella tillsynen kan inte
ersittas helt av avancerad teknik. Varje anldggnings unika fOrutséttningar kraver
noggrann planering och kontinuerlig utvérdering av behov.

Begrinsningar: Studien behandlar levande viggar i ett svenskt urbant klimat, dér
resultatet baseras pa erfarenheter fran projekt utférda i sodra Sverige. Annan
geografisk placering skapar andra forutsdttningar for teknik och underhall. Mer
generella antaganden kan goras géllande underhéllsplanering. Fler intervjuer med
underhéllstekniker kan bidra med andra aspekter i analysen.

Nyckelord: Levande viggar, vixtviggar, vertikal trddgérd, levande viggar i svenskt
klimat, hydroponiska system, underhallsplan levande véggar, skotsel levande vaggar
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Begreppslista

Begreppslista

Ekosystemtjinster — Produkter och tjénster som naturens ekosystem ger oss
méinniskor och som bidrar till vart vilbefinnande.

Gron infrastruktur — Ett ekologiskt funktionellt ndtverk av livsmiljéer och
strukturer, naturomraden samt anlagda element som utformas, brukas och forvaltas pa
ett sétt sa att biologisk méngfald bevaras och for samhéllet viktiga ekosystemtjinster
framjas 1 hela landskapet.

Hallbar utveckling — En héllbar utveckling tillfredsstdller dagens behov utan att
dventyra kommande generationens mojligheter att tillfredsstélla sina behov.

Hydroponisk bevattning — Teknologin att odla plantor utan jord med hjélp av endast
vatten och néringstillforsel.

Levande viggar — Bendimning pa konstruktionen av en levande vertikal tradgard som
fasad eller fasadkomplement. Fran den engelska termen Living walls, kan forkortas
LWS.

Vertikal tridgird — En annan bendmning pa den levande viaggen, forknippas ofta
mot konstruktionsldsningen med filtduk da den kommer frén Patric Blancs patent Le
Mur Vegetal som just dr en sddan 16sning av filtduk.
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Inledning

1. Inledning

Kapitlet presenterar studiens bakgrund och problembeskrivning som ligger till grund
for studiens mél och fragestéillningar. Avslutningsvis beskrivs avgriansningar och
disposition.

1.1 Bakgrund

Fortitning av stdder har en central roll i klimatdebatten, dir mark exploateras pa
bekostnad av grona omréden. En studie visar att andelen gronytor har minskat i de tio
befolkningsmassigt storsta stdderna i Sverige under &ren 2000-2005. Orsakerna
bakom &r bland annat utbyggnad eller nybyggnad av hus, utdkning av industri- eller
handelsomraden, vigbygge eller expansion av ytkrdvande verksamhet (Hedeklint &
Svanstrom, 2010). Fortdtningen innebdr en hogre byggmassa med hdgre kapacitet for
viarmelagring, vilket orsakar betydligt hogre lufttemperatur och lagre luftfuktighet i
taitbebyggd miljo jimfort med omgivande landskap (Boverket, 2010; Scheweka &
Magdy, 2011). Tillimpande av gron infrastruktur dr ett sitt att minska temperaturen.
En 10 % 06kning av vegetation kan resultera i en yttemperaturséinkning pa 1°C i stader
under dagtid (Coutts & Harris, 2013). En utmaning &r var gronskan ska fa plats i
taitbebyggd miljo. Ett alternativ dr att anvdnda sig av outnyttjad yta, s& kallat
mellanrummen 1 stdderna, exempelvis byggnaders fasader i form av grona viggar
(Boverket, 2010; Scheweka & Magdy, 2011).

Vegetation hjélper till att forbéttra den lokala luftkvaliteten genom fotosyntesen
(Scheweka & Magdy, 2011). Méngden partiklar kan reduceras upp till en fjardedel
genom att plantera fler trdd i1 stdder (Boverket, 2010). Vixtligheten kan dven vara
bullerddmpande da de absorberar frekvenser hos ljudet (Shweka & Mohamed, 2012).
En gron vdgg kan hjilpa till med hantering av dagvatten genom att samla upp
vattenavrinning frdn taken. Den biologiska mangfalden &r en annan aspekt, da
véxtligheten bidrar till alternativa platser for flora och fauna att utvecklas (Scheweka
& Magdy, 2011). Vegetation skyddar byggnad mot klimatet s som kdld, vind och
UV-exponering (Shweka & Mohamed, 2012). Vixtligheten bidrar med passiv kylning
under sommarménader och kan fungera som ett vidrmeisolerande skikt under
vinterhalvaret (Boverket, 2010; Shweka & Mohamed, 2012). Gronskan har estetiska
fordelar och skapar en trevlig miljo vilket i sin tur kan hdja fastighetsvirden
(Boverket, 2010; Shweka & Mohamed, 2012). Ur social synpunkt dr gronskan viktig
och studier visar klara associationer mellan nirheten till gronomraden och minskad
psykisk ohélsa hos méanniskor i stadsmiljo. (Grahn, P. & Stigsdotter, U.A., 2003;
Nutsford, Pearson & Kingham, 2013).

Grona vaggar delas upp i tva huvudkategorier, grona fasader och levande vaggar (se
Figur 1). Grona fasader dr klittervixter som planteras i mark och véxer vertikalt upp
langs fasaden direkt eller indirekt med stdd av exempelvis vajrar. Levande viggar ér
en teknologisk 16sning uppsatt pa fasaden, didr véxternas rotsystem viéxer pa
odlingssubstrat i moduler eller kontinuerliga filtdukssystem (Manso & Castr-Gomes,
2014; Ottelé, Perini, Fraaij, Haas & Raiteri, 2011).

En fordel med levande viggar ér att de inte dr beroende av marken pé samma sitt som
grona fasader och kan léttare placeras pd olika hdjder, vilket ldmpar sig bra i ett
stadsklimat med hoghus. Vixtligheten blir d4ven mer heltdckande och fler vixtsorter
kan planteras, vilket skapar en storre biologisk mangfald samt en mer estetiskt
tilltalande fasad dar plantor kan liaggas i monster (Manso & Castr-Gomes, 2014).
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Beroende pa konstruktionslosning kan den levande vidggen bytas ut ndr véxter inte
utvecklas eller vissnar. Det har dven pdvisats att levande vidggar har bittre
energibesparande egenskaper dn grona fasader (Perini, Ottelé, Haas & Raiteri, 2011).

DIREKT
GRONA FASADER
INDIREKT
GRONA VAGGAR
MODULER
LEVANDE VAGGAR

KONTINUERLIGA

Figur 1. Kategoriindelning grona viggar (Manso & Castr-Gomes, 2014)

1.2 Problembeskrivning
I Sverige dr levande viaggar en ovanlig teknik och det &r forst runt ar 2010 och framat
som de har borjat sdttas upp i1 offentliga stadsmiljoer. En ldngsam utveckling av
levande véggar i Sverige beror bland annat pé bristande erfarenhet och kunskap béde
bland aktdrer inom bygg- och fastighetsbranschen samt bland allminheten och
potentiella kunder. Ett debatterat &mne dr den potentiella negativa paverkan pa den
bakomliggande fasaden, framst géllande fukt. Forskning visar att om fasaden dr av
god kvalité och inte dr skadad borde inte en levande véigg innebdra ett fuktproblem.
Det ar brist pa tekniska l0sningar av levande véggar 1 Sverige, dir bevattningen 4r en
stor teknikutmaning bdde vid uppforande och underhdll (Andersson & Karlsson,
2014). Vixtvalet dr begridnsat da de ska kunna &verleva den svenska vintern
(Mértensson, Wuolo, & Fransson, 2014). En annan viktig parameter dr bristande
samarbete och kommunikation mellan involverade aktorer, dar driftorganisationen
spelar en viktig roll for den levande viggens underhall (Andersson & Karlsson, 2014).
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1.3 Mal och fragestallningar
Malet med arbetet &r att analysera ett héllbart underhdll utifran teknik och
underhéllsplanering av systemet levande véiggar i ett svenskt urbant klimat.

Fragestéllningar:

= Vilka konstruktionslosningar av levande védggar &r hallbara i ett svenskt urbant
klimat?

= Hur ska levande véggar i ett svenskt urbant klimat underhallas for att skapa ett
héllbart system?

* Hur kan planeringsprocessen av levande véggar utvecklas for att mdjliggora
ett battre underhéllsarbete?

1.4 Avgransningar

Studien avgrdnsas till att utvirdera levande véggar i sodra Sverige. Miljon ar
avgransad till utomhusinstallationer i urban miljo. Tekniken dr avgransad till levande
viggar, grona fasader behandlas inte i denna studie. Studerandet av hallbarhet
avgrinsas, dir begreppet anvdnds som en grund for slutsatstagande utan négon
djupare analys.
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1.5 Disposition
Figuren nedan (se Figur 2) ger en dverblick dver rapportens disposition.

Redovisar kvalitativ
forskningsansats
datainsamlingsmetoder,
studiens trovardighet och
hur fragestallningarna
kommer att besvaras.

Redogor relevanta teorier och
forutsattningar samt kopplingen
mellan teori och fragestallningar.

,"‘Redovisar insamlad data fran intervju,
dokumentanalys och observation som
- sedan ligger till grund fér analysen.

Besvarar fragestallningarna utifran teoretiskt
ramverk och empiri, dar sammanstallning och
jamforelser gors.

Di n Resultatet diskuteras och forslag pa fortsatt
forskning i amnet ges.
slu er

Figur 2. Disposition av rapport (Andersson & Simu, 2015)
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2. Metod och genomfdrande

Kapitlet beskriver studiens genomforande och arbetsgéng. Avslutningsvis diskuteras
arbetets trovardighet.

2.1 Undersokningsstrategi

Studien bygger pé en kvalitativ undersdkning med kartlaggning som forskningsansats.
Kvalitativ forskningsmetod anvédnds for att analysera och beskriva karaktarsdrag hos
olika fenomen till skillnad frdn kvantitativ metod dér analys av numerisk data gors
(Blomkvist & Hallin, 2015; Jakobsson, 2011). En kartliggning kan liknas med en
fallstudie, dir man studerar ett eller flera enskilda exempel for att forklara fenomenet.
Ansatsen fangar verklighetens komplexitet och gor det mgjligt att uppticka nya
dimensioner. Valet av denna forskningsdesign bygger pé ett synsétt som innebér att
det anses vara omgjligt och ointressant att finga alla aspekter av ett fenomen. Syftet ér
att samla in ett material som pd ett korrekt och réttvisande sdtt speglar det hela
fenomenet utifrdn det representerande urvalet (Blomkvist & Hallin, 2015).

2.2 Koppling mellan fragestillningar och metoder for

datainsamling
Nedan redogdrs vilka metoder som anvénds for att besvara respektive fragestéllning.

221 Fragestillning 1
Vilka konstruktionslosningar av levande viggar dr hallbar i ett skandinaviskt urbant
klimat?

Fragestdllningen besvaras genom dokumentanalys av anldggningar i sddra Sverige
samt intervju med aktorer involverade i1 projekt av levande véggar, gillande
systemlosningar som finns och utvecklas pa den svenska marknaden och hur héllbar
tekniken dr. Detta bekréftas med observation av tva olika systemldsningar av levande
véiggar.

2.2.2 Fragestillning 2
Hur ska levande viggar i ett skandinaviskt urbant klimat underhdllas for att skapa ett
hallbart system?

Fragestdllningen besvaras genom intervju med aktorer involverade i projekt av
levande viggar, géllande underhéllet. Vidare gors dokumentanalys av strategier for
underhéllsplanering av levande viggar.

2.2.3 Fragestillning 3
Hur kan planeringsprocessen av levande viggar utvecklas for att mdjliggéra ett
bdttre underhallsarbete?

Fragestdllningen besvaras genom intervju med aktorer involverade i projekt av
levande viggar, dir planeringsprocessen diskuteras utifran olika perspektiv. Vidare
gors dokumentanalys av strategier for underhéllsplanering av levande viggar.
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2.3 Valda metoder for datainsamling
Nedan redogdrs vilka datainsamlingsmetoder som anvénds i studien och hur dessa
tillampas.

2.3.1 Dokumentanalys

Dokumentanalys dr en metod for att analysera kidllmaterial i form av diverse
dokument. Dokumentens viktigaste roll dr att styrka data och beldgg som hidmtas frin
andra kéllor. Ett kritiskt forhallningssétt till innehallet 4r viktigt, med en medvetenhet
om att dokumenten har framstéllts i ett speciellt syfte och for en specifik mélgrupp
som skiljer sig frdn ansatsens syfte och mélgrupp (Yin, 2007).

2.3.2 Intervju

Intervju ldmpar sig att anvdndas nér ett intresse finns av att utveckla en djupare
forstaelse av ett fenomen eller ndr nya dimensioner ska utforskas av ett redan studerat
omrdde (Blomkvist & Hallin, 2015). Intervju kan sondera svar, g& in pd motiv och
kéanslor (Bell, 2006) och det ger goda mdjligheter till att géra ovintade upptickter,
vilket dr en viktig dimension av kvalitativ undersdkning (Blomkvist & Hallin, 2015).
Det dr en subjektiv teknik dér risk for bias dr stor. Metoden ér tidskrdvande, bade vid
forberedelse- och analysarbetet. Vid ett mindre projekt finns inte utrymme for mer én
ett fatal intervjuer men trots detta kan intervjun ge ett rikt material (Bell, 2006; Lantz,
2013).

Intervju finns 1 olika former, strukturerad till helt 6ppen, och ger olika resultat och
slutsatser. Vid strukturerad form &r svarsalternativen fasta, lika for alla respondenter,
vilket kan utgéra en grund for slutsatser om kvantiteter. En dppen intervju ger olika
definitioner av fenomenen, dédr det dr mgjligt att undersoka och med analys dra
slutsatser om kvaliteter. Om syftet &r att bidra med att utveckla modeller eller att
fordjupa forstdelse av ett fenomen, véljs en Oppnare intervjuform (Lantz, 2013). Vid
semistrukturerad intervju utformas en struktur i forvdg som fOrsdkrar att
dgmnesomrdden och teman kommer med, samtidigt som en frihet ldmnas for
respondenten att prata om det personen anser r viktigt (Bell, 2006).

Viktigt vid forberedelsearbetet dr formulerandet av fragor, att ta en friga i taget, inte
ha nagra ledande eller vdrderande frdgor och inga outtalade fOrutséttningar (Bell,
2006). Ett bra sétt kan vara att skapa en intervjuplan, en skriftlig forteckning av
fragorna uppdelade i teman, som skapar struktur och underldttar hantering av
informationsméngden senare i analysarbetet (Bell, 2006; Lantz, 2013).

2.3.3 Observationer

Observation ér en bra metod att anvdnda nér frigestdllningen dr av utforskande natur
(Blomkvist & Hallin, 2015). Observation kan vara strukturerad eller ostrukturerad, dar
den ostrukturerade formen passar sig bra ndr man har en klar uppfattning om syftet
med observationen, dven om detaljerna inte dr helt definierade. Tillrdckligt med tid
méste laggas pa fdltarbetet och att bekanta sig med insamlad data, for att en struktur
ska kunna framtrida (Bell, 2006). Dokumentation, dven kallat faltanteckningar, under
observation dr viktigt underlag for vidare analys. Dokumentationen delas in i1 forsta
och andra gradens konstruktion, dédr den forsta &r vad man ser och hor och den andra
ar ens egna reflektioner (Blomkvist & Hallin, 2015).
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2.4 Arbetsgang
Nedan f6ljer information om tillvigagangsittet for att besvara fragestdllningar och
uppna malet.

241 Dokumentanalys

Dokument av implementerade levande viggar i sodra Sverige analyseras for att styrka
teori och for att kartligga den svenska marknaden. De studerade véggarna é&r
placerade i1 Helsingborg, Malmé och Lund. Dokumentanalys av tvd underhallsplaner,
en fran Malmo och en fran Victoria 1 Australien, bekraftar underhallsaktiviteter och
hur underhéllsplanering av levande viggar kan optimeras. Materialet tillhandahalls
genom allmén internetsdkning.

24.2 Intervju

Utifran det teoretiska ramverket framstills intervjufrigor som bygger pad de valda
teorierna. Infor intervjuerna utformas en intervjuplan, se Bilaga 1. For att erhalla en
bred skildring intervjuas nio olika aktorer i levande véggar projekt i sodra Sverige;
fem projektledare, tva leverantdrer, en produktansvarig och en tekniskt ansvarig.
Intervjuerna varar i 45-60 minuter och sker under &tta olika tillfdllen, dér en av
intervjuerna sker med tva respondenter samtidigt. Intervjuerna behandlar projekt
utférda 1 Malmo, Helsingborg, Goteborg och Stockholm. Intervjuerna ér inbokade i
forvdg och genomfdrs i direktkontakt, genom videosamtal och per telefon. Ett
forberedande mail skickas ut till respondenterna veckan innan intervju. Samtalen
spelas in efter respondenternas tycke och bada forfattare ndrvarar vid samtliga
intervjuer, dir en stiller frdgor och den andra forfattar. Inspelning mojliggdr
ateruppspelning och citering for skriftlig sammanstéllning. Under tva intervjutillfidllen
medverkar endast en forfattare pd grund av sjukdom. Frinvarande forfattare lyssnar i
efterhand igenom hela intervjun och bada forfattare deltar vid sammanstillning. De
skriftliga sammanstéllningarna skickas sedan till respondenterna for godkénnande.

2.4.3 Observation

Observation av tva olika systemlosningar gors for att bekrdfta eller avvisa teori,
dokumentanalys och kommentarer fran respondenter om tekniken. Tre viggar av
typen modulsystem i1 Helsingborg och ett filtdukssystem i Goteborg observeras pa
plats. Dokumentation utfors i form av anteckningar och bilder.

2.5 Trovardighet
Virdet av ett vetenskapligt arbete &r ndra kopplat med kvaliteten, didr begreppen
validitet och reliabilitet har betydelse. Validitet handlar om att studera ritt sak medan
reliabilitet innebér att studera det pé rétt sitt (Blomkvist & Hallin, 2015).

Kritik som riktas mot en kvalitativ ansats dr att den ar subjektiv och primitiv. En
kvalitativ studie kan aldrig vara statistiskt generaliserbar men den kan ddremot vara
analytiskt generaliserbar. Det innebdr att det i analysdelen diskuteras pd vilka sitt
resultaten kan vara tillimpbara i andra liknande fall (Blomkvist & Hallin, 2015).

Reliabilitet dr ett matt i vilken utstrackning ett tillvigagéngssitt eller instrument ger
samma resultat vid olika tillfillen under i Ovrigt lika omsténdigheter (Bell, 2006;
Jakobsson, 2011). Vid intervju dr det viktigt att data speglar kdllan och det innebér att
om nagon annan genomfOr en likadan intervju ska samma svar fas fram for att
reliabiliteten ska anses vara hog. Resultatet &r beroende av forberedelsearbetet,
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samspelet under intervjun och bearbetning av svaren (Lantz, A., 2013). Det finns en
risk for bias vid en intervjustudie. Forvringning av omdomen, forutfattade
uppfattningar och otillborlig padverkan kan skapa problem vid tolkning av materialet
(Bell, 2006). For att sdkerstdlla en hog reliabilitet i studien anvénds semistrukturerad
intervjuform. Respondenterna fir svara pad samma fragor men samtidigt ges friheten
att prata fritt kring dessa. Strukturen gor det mojligt att urskilja likheter och
meningsskiljaktigheter for att finna monster. Intervjuerna spelas in i samtycke med
respondenterna. Det gor att intervjuaren kan dgna fullt fokus péd respondentens svar
samt mojligheten till att direkt citera respondenten (Bell, J., 2006). Intervjuerna
sammanstélls och skickas till respondenterna for godkdnnande och eventuella
felaktigheter korrigeras dérefter. Analysarbetet utgér fran ett kritiskt forhallningssatt
och granskning av egen praxis, for att undvika forvringning av resultatet.

Validiteten talar om giltigheten for ett resultat eller médtmetod, det vill sdga i vilken
grad en mitning verkligen méter det den avser att méta (Bell, 2006; Jakobsson, 2011).
Intervju &r en subjektiv metod dér risken for bias &r stor och ér for den som intervjuar
svar att paverka. For att forstirka validiteten i studien backas intervju upp av
dokumentanalys och observation.
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3. Teoretiskt ramverk

Kapitlet redovisar de teorier och forutsittningar som ligger till grund for att besvara
fragestéllningarna.

3.1 Koppling mellan fragestallningar och teori
Figuren nedan (se Figur 3) ger en schematisk bild av koppling mellan fragestdllningar
och teorier. Teori om hallbarhet agerar som ett grundande tink medan de andra
teorierna direkt angriper fragestéillningarna.

TEKNIK FOR LEVANDE VAGGAR
SystemlGsningar i nuldget pa

marknaden FRAGESTALLNING 1

Vaxter i ett svenskt klimat

UNDERHALL AV LEVANDE
VAGGAR

FRAGESTALLNING 2
levande vaggar

-
i
I
(-4
<<
(2]
|
|
<T
I

Erfarenheter utifran svenska projekt

UNDERHALLSPLANERING AV
LEVANDE VAGGAR

Aktorer och ansvarsfordelning

FRAGESTALLNING 3

Strategier for underhallsplanering

Figur 3. Koppling mellan fragestdllningar och teorier (Andersson & Simu,
2015)

3.2 Hallbarhet
Ett sigande om hur hallbarhet definieras lyder, “En hallbar utveckling tillfredsstdller
dagens behov utan att dventyra kommande generationens mojligheter att
tillfredsstdlla sina behov” (Dahlin, 2014; Lozano, 2008). Lange har den ekonomiska
hallbarheten prioriterats och undersokts utan att ligga foga eftertanke pa den
ekologiska och sociala hallbarheten. Det har pdvisats ha negativa effekter med att bara
tdnka fran ett perspektiv, ett exempel ar klimatfordndringarna (Todorov & Marinova,
2011). Ett forsta steg for en bittre héllbarhet &r att utjimna gapen mellan de tre
aspekterna ekonomi, socialt och ekologi. Den ekonomiska aspekten ska vara likvérdig
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gentemot den ekologiska och sociala (Lozano, 2008). Den ekologiska héllbarheten
handlar om att inte exploatera naturen i storre utstrickning &n naturen hinner
aterskapa de tagna resurserna. Den ekonomiska hallbarheten handlar om att anvédnda
befintliga resurser for att generera ett virde utan att dventyra tillgdngen péd dessa under
lang sikt. Den sociala héllbarheten inkluderar aspekter i bland annat haélsa,
arbetsmiljo, frihet och demokrati. For att uppnd hallbarhet maste det studerade
objektet vara hallbart i var och en av de tre olika dimensionerna. Ofta gar det inte
fullstdndigt dela upp ett objekt i dessa tre dimensioner da de i verkligheten gar ihop
med varandra och péverkar varandra (Dahlin, 2014).

3.3 Tekniken bakom levande vaggar
I levande véggar véxer plantor vertikalt i en stddkonstruktion fist mot fasadytan med
en luftspalt och vattentét skikt emellan (Dunnet & Kingsbury, 2010). For att uppna en
varaktig konstruktion &r det flera aspekter som behover tas i beaktning. Bland dessa
ar:

= (Qdlingssubstrat, dér trog och icke komposterbart substrat dr att foredra for att
minimalisera risk for ominstallation

» Medel i konstruktion for att véxter ska fa nddvéndig niring och vatten

= Stdd for att viaxter och substrat ska héllas pd plats

Levande vdggar delas upp i tvéa kategorier dir 16sningarna baseras pa moduler eller
filtduk. Vid filtdukssystemet utvecklas vixterna dver en kontinuerlig yta baserat pa en
bakomliggande stodstruktur. Moduler &r av fyra varianter; lador, flexibla fickor,
planteringslddor ~ och  forvaringskdrl. =~ Modulsystemen  har  individuella
forvaringsbehillare med planterade véxter utmed viggens yta (Manso & Castr-
Gomes, 2014). Moduler har en lidngre livslangd én filtduk. Filtduken har en berdknad
livslingd pé cirka 10 ar och modulsystemet 50 ar (Ottelé, Perini, Fraaij, Haas &
Raiteri, 2011; Perini, Ottel¢, Haas, & Raiteri, 2011). Det rdder en brist p4 marknaden
av tekniska l0sningar med levande véggar for utomhusbruk som ir anpassade for det
nordiska klimatet (Andersson & Karlsson, 2014).

3.3.1 Moduler
Vid moduler krivs en viss selektion med odlingssubstratet, annars blir systemet ofta
for tungt for den bakomliggande fasaden (Manso & Castr-Gomes, 2014).

Lador

Modullddor &r sammankopplade laddor gjorda av ldtta material sasom plast eller
metallplatar (se Figur 4). Varje individuell lada &r ofta forsedd med ett lassystem vid
sidan for sammankoppling. Ladorna kan forses med ett rutnit pd framsidan som
forhindrar vixter fran att trilla ut. Lidorna &r uppsatta mot ett vertikalt och/eller

horisontellt rutndt mot fasad genom krokar, fasten och liknande (Manso & Castr-
Gomes, 2014).
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Figur 4. Modullador for levande viggar (Taber, 2011)

Flexibla Fickor
Flexibla fickor, dven kallat expanderande pasar, fylls med odlingssubstrat och ir av

ett flexibelt polymert material som skdrs for att plantera varje vixt (se Figur 5)
(Manso & Castr-Gomes, 2014).

Figur 5. Flexibla fickor som losning (Fukuzumi. 1996)
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Forvaringskiirl

Forvaringskirl fasts mot fasadyta genom ett vertikalt och/eller horisontellt ramverk
(se Figur 6). Fistningen av dessa kirl sker via krokar eller fasten. Forvaringskarl
tillter installation av flera plantor i varje element utmed samma rad (Manso & Castr-

Gomes, 2014).

Figur 6. Forvaringskdrl for levande viiggar (Sichello, 2010)

Planteringslador

Planteringslador dr sammankopplade med juxtaposition, en slags sammanlénkning.
Losningen har ofta en platt rygg som dr fixerad mot fasadens yta och ett utrymme for
véxter att bli planterade (se Figur 7). Pordsa material som plast eller keramik anvinds
for att halla ner vikten. Planteringsladdor fasts mot fasad med lim eller fasten (Manso
& Castr-Gomes, 2014).
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Figur 7. Planteringslador for levande viggar (Taber, 2011)
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3.3.2 Filtduk

Filtdukens bas bestdr av en installation av stilram fast mot fasad. Mot stdlramen fésts
sedan en panel, vanligtvis av hédrd plast. En luftspalt skapas mellan fasad och
konstruktion som skyddar fasadytan mot fukt (se Figur 8) (Bell, 2014; Blanc, 2011;
Dunnet & Kingsbury, 2010). Patrick Blanc foresprédkar anvindning av expanderad
PVC som dr latt utan att bilda sprickor vid héftning. Plastskivan stodjer sedan nista
lager som ér filtduken. Filtduken kan besta av bland annat konstfiber och ull da det
har visat sig vara det material som vixterna trivs bédst att vistas i (Bell, 2014; Blanc,
2011). Filtduken fdsts mot panelen genom héftning. Efter ett fOrsta lager installeras
sedan vattenledningar, sedan héftas ytterligare ett lager av filtduk. Dérefter skirs
fickor ut for planterandet av vixter. Vixterna planteras individuellt utan jord och

fickorna hiftas igen titt sa vixterna inte kan trilla ut (Bell, 2014; Manso & Castr-
Gomes, 2014).

Figur 8. Filtdukslosning for levande viggar (Corradi, 2009)

3.3.3 Odlingssubstrat

Odlingssubstraten bestdr vanligtvis av organiska och icke organiska substrat.
Odlingssubstratet dr ofta en mix av ett ldtt substrat med ett grynigt material,
expanderad eller poros for god vattenhdllande forméga. Substraten forbéttras med
ndringsdmnen som hjélper véxters tillvixt (Manso & Castr-Gomes, 2014).

Hydroponiska system &r dven vanligt och definieras som teknologin att odla véxter
utan jord med anvéndandet av ndringsdmnen och vatten (Dunnet & Kingsbury, 2010).

3.3.4 Bevattningssystem

Béda konstruktionslosningarna av levande vaggar kriver ett kontinuerligt fungerande
vattensystem for att véxterna ska kunna Gverleva. Vattnet kan ofta vara berikat med
de niringsimnen som plantor nddvindigtvis behover for att de ska kunna véxa.
Bevattningssystem &r uppbyggt genom installation av vattenrdr vid toppen av
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systemet. Hos kontinuerliga levande viggar tillits vattnet trdnga igenom filten i ett
jamt flode utmed den vertikala ytan. P& toppen hos vissa modullddor finns ett
utrymme for vattenrér och har dven flera hal sd att vattnet kan floda ner till ladan
undertill med hjdlp av gravitation (Manso & Castr-Gomes, 2014).

Vattenror finns tillgéngligt 1 olika material. Bland annat gummi, plast och silikon som
alla har en typ av utmatning av vattnen sasom dropp, sprinkler, hal eller pipor. Dessa
utformas och distribueras efter vixternas olika vattenbehov (Dunnet & Kingsbury,
2010; Manso & Castr-Gomes, 2014).

Bevattningstekniken orsakar ofta problem i det nordiskt kalla klimatet d& systemet
kan frysa och gé sonder vid ldga temperaturer (Andersson & Karlsson, 2014).

3.3.5 Vaxter for det svenska klimatet

Hydroponiska system gor det mdjligt for ett storre urval av véxter och tillater dven
plantering av véxter i olika tillvéxtstadier jimfort med system som har ndgon typ av
odlingssubstrat (Manso & Castr-Gomes, 2014).

Vixtvalet dr en viktig aspekt som behdver vidgas noggrant utefter klimat. I
Skandinavien dr valet begrdnsat pd grund av de kalla klimatet som rader (Andersson
& Karlsson, 2014). Vixterna méste klara av klimatpafrestningarna som uppstar och
véxlingar mellan arstider (Fransson et. al, 2014).

Hur véxtvdaggen ser ut under vinterhalvér och att ménga arter géar i vila kan paverka
det estetiska utseendet negativt (Andersson & Karlsson, 2014).

3.4 Underhall av levande vaggar

3.4.1 Skotsel

Omfattningen pé underhallet av levande véggar ar olika beroende pa vilket system
som anviands (Andersson & Karlsson, 2014). Moduler anses vara enklare utifrdn
underhéllsaspekten. Dels for att de ofta gér att installera om enskilda delar, forflytta
eller byta ut dem. Hydroponiska system kréver en mer omfattande skotsel da védxterna
inte har nigot odlingssubstrat och kriver en stindig tillforsel av wvatten och
ndringsdmnen genom andra medel (Manso & Castr-Gomes, 2014).

Levande véggar kraver kompetent och engagerad driftpersonal som haller systemet
levande. En tydlig ansvarsfordelning géllande vem som skdter viaggen dr viktig
(Andersson & Karlsson, 2014).

Inspektioner krivs varje r. Rekommendationen &r en inspektion var tredje ménad for
exteriora levande viggar (Blanc, 2011). Inspektioner sker bland annat for att se till att
den bakomliggande fasaden inte har blivit pdverkad (Andersson & Karlsson, 2014).

System som dr placerade nagra meter upp pé fasader blir tillgéingliga {or driftpersonal
genom stege, men vaggar hogre dn 10 meter och upp till 30 meter kraver lyftkran eller
liknande. Levande védggar som dr hogre dn 30 meter och dér utrymmen for lyftkran ér
begrinsat, blir installationerna tillgéngliga genom en sdkerhetslina frdn en mobil
plattform dér skotaren sedan hissas ner (Blanc, 2011). Underhéllet paverkas direkt av
designvalet utifran val av h6jd och plats. Arbetsinsatsen blir storre ju hogre viggen ér.
Dock ér det storre risk for skadegorelse hos en vdgg som é&r placerad lagt och
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lattillgéngligt for allménheten. Andra faktorer som paverkar underhallet av levande
véggar dr vaderstreck, vider och arstid (Andersson & Karlsson, 2014).

3.4.2 Vaxter

Buskar behdver ansas for att forhindra en alltfor stor tillvéxt av langa grenar. Detta
dels pa grund av viktfrigan men ocksd det estetiska utseendet. Olika sorters véxter
kraver mer underhall och klippning &n andra (Blanc, 2011).

3.4.3 Bevattningssystem

Det é&r viktigt att bevattningssystemet fungerar dygnet runt, speciellt under
hogsommar sd att vixter inte star utan vatten under flera dagar, vilket kan orsaka
omfattande omplantering (Blanc, 2011; Andersson & Karlsson, 2014).

Automatiska bevattningssystem till levande vidggar kan behova bli utbytta var 7,5 ar
pa grund av kristalliseringar som orsakats av salter (Ottel¢ et. al, 2011). Det
automatiska bevattningssystemet dr inget som kan forlitas pa till blindo utan manuella
justeringar och tillsyn av driftansvarig &r behovligt. Den automatiserade
bevattningstekniken underléttar dock underhillet av levande viggar (Andersson &
Karlsson, 2014).

Néringsamnen och andelen vatten som ska tillférse de levande véggar blir ofta
distribuerade via sensorer och en dator. Systemet med filtduk berdknas ha en
vattenkonsumtion pa tre liter per dag. Planteringslddor har en konsumtion av en liter
per dag (Ottelé et. al, 2011).

3.5 Underhallsplanering av levande vaggar
"Nycklarna till en framgdngsrik planprocess finns i ett bra samarbete mellan de olika
aktorerna i processen. Och nycklarna till ett bra samarbete finns i forstdelse for
varandras olika roller, en aktiv processledning, framforhallning, gemensamma madl,
kompromissvilja och koll pa riskerna”, (Boverket & Tillvixtverket, 2015).

Vid projektledning beskrivs det viktigt med framtagandet av delmdl, utdver
huvudmalet, for att f4 fram hur omfattande projektet blir. Delmalen beskrivs som tid,
kvalitet och kostnad och dr beroende av varandra (Persson, 2012). Mal utgér en
huvudbild av processens steg vid projektering (Stintzing, 2005).

Planeringsstadiet for levande véggar dr viktigt for att uppna ett héllbart system i
underhéllssyfte. Ett kontinuerligt och bra underhdll dr vésentligt eftersom viggen &r
just levande och bestdr av vixter som stindigt behdver skotas och vattnas.
Underhallsaspekten borde vara en stor del att ta hinsyn till vid projekteringen. Det
finns minga osékra faktorer vid projekterandet av levande viggar. Projektering med
nya grona losningar, sdsom levande vdggar, dr svédrare att genomfora pa grund av
lagar och incitament som bromsar upp och hindrar intressenter frin att bygga. Vidare
kréavs diskussion under projekteringsprocessen mellan alla aktorer for att fi en samsyn
kring slutresultatet till projektet (Andersson & Karlsson, 2014).

3.5.1 Aktorer

Att samarbeta tidigt och genomgripande i planeringsstadiet vid uppfOrandet av
levande vdggar dr viktigt for att uppna ett lyckat projekt (Andersson & Karlsson,
2014; Persson, 2012). En planeringsgrupp vid generella byggprojekt kan bestd utav
arbetschef, arbetsledare, lagbas och montorer som véljer och informerar om metod
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och resurser vid olika arbeten (Persson, 2012). Hos levande viggar dr det visentligt
att planerad driftpersonal dven samverkar i denna planeringsgrupp. Vid vissa svenska
projekt har det upplevts att driften forsvarats pa grund av att projekteringen skett utan
driftpersonals ndrvaro (Andersson & Karlsson, 2014).

3.5.2 Underhallsplan

En underhillsplan maste alltid vara anpassad utifrdn ett projekts speciella
forutsattningar. En underhéllsplan fran ett annat projekt med liknande forutsattningar
kan anvindas som inspiration, dir det &r viktigt att studera negativa och positiva
erfarenheter som uppstétt. Ofta forekommer en underhdllsplan frén leverantorer
tillsammans med produkt men dessa har ofta lite eller ingen kunskap om lokala
forhallanden som rdder pa den plats produkten ska verka. Problem med onddiga

reparationer och atgdrder kan uppstd om endast leverantdrens beskrivning anvinds
(Lind & Muyingo, 2011).

Det dr inte optimerande med en underhéllsplan som ska hélla under hela systemets
livsldngd. Skotselbeskrivningen maéste uppdateras kontinuerligt. En Oversiktlig 20-
arsplan ar rekommenderat som identifierar risker av att olika underhéllsaktioner inte
ska ske samtidigt. Det gor det mgjligt att sprida ut kostnader dver en langre period.
Vidare kan en mer detaljerad 3-5-arsplan utgdras for storre renoveringar eller
liknande. Till sist &r en arsplan for det kommande é&ret att foredra. Denna ska
uppdateras kontinuerligt och efter behov pd grund av osdkra faktorer som kan uppsta.
3-5-arsplan ska uppdateras varje ar. Det kan vara aktuellt med ett forvaltningssystem
som jobbar med detta (Lind & Muyingo, 2011).
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3.6 Sammanfattning av valda teorier

Samtliga teorier kan kopplas till varandra (se Figur 9). Underhéllet &r direkt beroende
av vilken systemlosning som véljs och hur omfattande skdtseln behover vara.
Planeringsprocessen dr ocksa starkt kopplat till underhéllet eftersom det finns
mdjlighet i planeringsprocessen att paverka och planera underhéllet. Visst samband
finns mellan teknik och planeringsprocess men kopplingen ér inte lika tydlig da teknik
vanligen dr framtagen av en tredje part. En starkare koppling finns om tekniken tas
fram under planeringen, exempelvis ett forskningsprojekt. Teori om hallbarhet agerar
som ett grundande tdnk och kopplas samman med dvriga teorier.

Figur 9. Koppling teorier (Andersson & Simu, 2015)
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4. Empiri
Kapitlet redovisar insamlad empirisk data, uppdelat pd metodvalen dokumentanalys,
intervju och observation.

4.1 Dokumentanalys: Anlaggningar av levande vaggar
Sex levande viggar i sdodra Sverige studeras utifrdn dokument. En anldggning i
Helsingborg, en i Lund och fyra i Malmo. Omrddena i Malmd dr Augustenborg,
Varvsstaden och Seved. For utforligare beskrivning av anldggningarna, se Bilaga 2.

411 Teknik

Samtliga sex systemlosningar dr av huvudkategorin modul, dér tre dr av typen lador
och tre dr av typen flexibla fickor. Viggen i1 Helsingborg &r placerad pa ett pumphus
och dr ett hydroponiskt lddsystem, likasd vdggen 1 Augustenborg placerad pd en
kontorsfasad. Tva viggar dr uppsatta 1 Varvsstaden i forskningssyfte, ett 1ddsystem
och ett ficksystem. Viggen 1 Lund &ar ett ficksystem placerat pa en
badanldggningsfasad gjort av atervunna PET-flaskor. Viéggen 1 Seved éar ett
ficksystem med dtbara véxter placerat pd ett bostadshus. Fem anldggningar ir av

utlindsk leverantdr och ficksystemet i Varvsstaden dr egentillverkad. (Andersson &
Karlsson, 2014).

Typ av substrat som anvdnds dr mineralull. organiskt material liknande frigolit,
pimpsten och kompost, coarse och specialblandad jord samt kravmirkt jord for
viggen med dtbara véxter (Andersson & Karlsson, 2014).

Samtliga védggar innehar ett hért skikt av plast, plywoodskiva eller liknande for att
hindra fukt fran att nd den bakomliggande fasaden (Fransson et. al, 2014; Helsingborg
stad, 2013; Helsingborgs stad, 2014b).

Kostnadsuppgifter finns for fyra av vdggarna. Anldggningen i Helsingborg dr den
dyraste och kostar 18750 kr/m’, anliggningen i Lund kostar 6600-7700 kr/m* och
anlidggningarna i Varvsstaden kostar 5000 kr/m* och 3800 kr/m* dér ficksystemet ir
den billigaste. Inga uppgifter finns for berdknad livsléngd. Livsldngden anses antingen
vara utan tidsbegridnsning, &nnu inte bestimd alternativt beroende av framtida
finansiering. Bakomliggande konstruktion for viggen i Lund beréknas halla 10-15 &r.
Materialen for vdaggen i Helsingborg berdknas halla i 25 &r (Andersson & Karlsson,
2014).

41.2 Bevattningssystem

Bevattningssystemen &r automatiska, dér droppbevattningssystem anvénds i fem av
sex fall. Bevattningssystemet i Helsingborg &r helautomatiskt med termostat och
fuktighetsindikator. Ledningarna spolas ut fran vatten vid temperatur ldgre dn 3 grader
(Andersson & Karlsson, 2014). Systemen i Varvsstaden har en liknande bevattning
dér information loggas och kontrolleras kontinuerligt med en vippmaétare (Fransson et.
al, 2014). Dricksvatten dr den vanligaste typen av bevattning. Kombination med
dagvatten anvénds i Varvsstaden samt i Lund dér dricksvatten endast anvinds som
reserv (Andersson & Karlsson, 2014). Forskningsprojektet i Varvsstaden har visat att
ladsystemet har en hdgre vattenlagringskapacitet &dn ficksystemet (Fransson et. al,
2014; Martensson, Wuolo & Fransson, 2014).
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4.1.3 Underhall

Viggarna forvaltas vanligen av byggherre, byggentreprendr eller byggnadsigare for
projektet (Andersson & Karlsson, 2014; Hagmann, 2014). Tillsynsfrekvensen for
anldggningarna ligger pa ett spann mellan en vecka till en manad. I Varvsstaden sker
dven en vixtutvirdering tre ganger per ar (Andersson & Karlsson, 2014). Viggen med
dtbara vixter ses Over mer frekvent, som mest tre ganger i veckan under
sommarsdsong (Odla i Stan, 2014). Tillsyn innefattar kontrollering av bevattning,
vixter samt ndringstillforsel. Bevattning och néringstillforsel &r varierande efter
klimatet och sidsong och regleras darefter (Andersson & Karlsson, 2014; Fransson et.
al, 2014; Helsingborg stad, 2013). Néring tillsdtts under véxtsdsong via
bevattningssystemet alternativt manuellt. En omfattande klippning av vigg sker en
géng per ar for vidggarna i Helsingborg och Lund (Andersson & Karlsson, 2014;
Hagmann, 2014). En omfattande plantering sker tvd génger per ar infor sdsongsbyte
for viggen 1 Seved sa att den forblir dtbar (Odla i Stan, 2014). Utrusning som anvénds
for skotseln dr bland annat stegar, skylift och vinsch (Hagmann, 2014; Odla i Stan,
2014).

Viggen 1 Helsingborg &r kopplat till ett driftcenter och varnar vid fel samt loggar data,
liknande system anvénds i vdggarna i Varvsstaden (Andersson & Karlsson, 2014;
Fransson et. al, 2014; Helsingborg stad, 2013). Vdggarna i Lund och Augustenborg
har inga sensorer i systemet, kontrollering sker manuellt (Hagmann, 2014; Andersson
& Karlsson, 2014). Véggen i Seved har en kombination av automatiskt system och
manuell kontrollering (Andersson & Karlsson, 2014).

Uppgifter om driftkostnad finns for anlédggningen i Helsingborg och dr berdknad till
30 000 kronor per ar, samt en omplantering av véxter pd 7500 kronor (Helsingborg
stad, 2014a).

41.4 Vaxter

Ett antal véxtarter har pdvisat klara sig i det svenska klimatet dér de framtradande
arterna ar backnejlika, blatdtel, hjirtbergenia, kantnepeta, kattfot, rodfibbla, rolleka,
stappsalvia, trift, vinteriberis och vdrdlvixning (Fransson et. al, 2014). For fullstindig
sammanstéllning av vixter som anpassar sig bra i det svenska klimatet, se Bilaga 3.

4.2 Dokumentanalys: Underhallsplanering

Tva underhallsplaner har studerats. Den ena framtagen av State of Victoria i
Australien kallat Growing Green Guide och den andra av Malmo stad kallat
Biodivercity.

421 Growing Green Guide

Growing Green Guide sammanstéller stegen i processen i framtagandet av ett levande
vigg system med rekommendationer om tillvigagangssitt gillande design, planering,
installation och underhdll. Vikten av planeringsstadiet beskrivs och hur valet av
design paverkar omfattning av installation och underhdll. Designvalen behdver vara
noga utvirderade och vidgda gentemot vad det ger for underhallskonsekvenser. En
vérdering av underhéallskostnader bor goras. For att avgora hur omfattande underhallet
och kostnader blir rekommenderas en konsult med tidigare erfarenhet, dir rdd kan
hidmtas om designval och vad det far konsekvenser for underhéllet (State of Victoria,
the Department of Environment and Primary Industries 2014).
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Mal
Det forsta steget och det som sedan sitter ramar for hur de levande viggarna kommer
utfalla &r mélet med projektet.

Platsanalys

En platsanalys dr nddvindig eftersom faktorer pé platsen paverkar kostnader och val.
En platsanalys skildrar forhéllanden om klimat och sdsongsfaktorer, den lokala
omgivningen, analys av den bakomliggande konstruktionen och dess forméga att
uppta vikt, dridnering, bevattning samt tillgénglighet till platsen.

Underhallsplan

Underhallsplanen beskriver prestandakrav, aktiviteter som ska utforas och vilka
resurser som ska anvdndas for att uppné dessa. Underhéllsplanen ska ses dver arligen,
utvérderas och eventuellt korrigeras efter behov.

Underhallsplanen ska innehdlla en tydlig skildring av  underhallsmél,
presentationsmaél, ansvarsfordelning, utbildningskrav och tillgdngliga resurser. I
underhdllsmaélet beskrivs vilket objekt som avses, basinformation samt ursprungliga
avsikter med projektet. Presentationsmélet beskriver till exempel tidsramen for att
uppna ett visst mal med objektet. Ansvarsfordelningen beskriver involverad personal i
underhéllsarbetet, deras uppgifter samt omfattning och varaktigheten utav dessa.
Utover detta bor planen omfatta riskhantering for att minska, alternativt eliminera,
risken for skador som kan uppstd pa byggnad eller personal.

Underhallsuppgifterna kan vara att rensa ogrds, bibehdlla och skota vixtligheten,
utvdrdera véxters prestanda, skotsel av substrat, undersdkning av bevattningen och
dess system samt se dver att den bakomliggande fasaden inte tagit skada.

Det rekommenderas att ett anstillningsavtal framtas ifall en tredje part anstélls for
underhéllet. Viktigt dr att det tydligt framgar varaktigheten och omfattningen av tredje
partens underhallsarbete.

For overvakandet av dvergripande underhallsaktiviteter, vigledning for personal och
bedomning av underhéllsarbete kan en handledare utses. Denne har dd i uppgift att
utfora schemauppldggning av underhdll, kontraktsskrivning for underhélls-
entreprendrer, se till att personal dr utbildad och gér efter sékerhetsregler samt
informera personal vem som gor vad i underhéllsarbetet.

4.2.2 Skotselbeskrivningsmall Biodivercity

Biodivercity ér ett forskningsprojekt i Malmo stad som pagick mellan aren 2012-
2014, med mélet om en gronare utemiljd6 1 Malmo. Framtagen
skotselbeskrivningsmall har syftet att forhindra felaktig skotsel av vegetationsytor (se
Figur 10). Det dr svért att forutse hur en frivixande yta utvecklas dver tid och déarfor
kriavs en malbaserad skotselplan, till skillnad frén traditionell skdtselplan som ofta
beskriver atgarder med ett tidsintervall. Mallen delas upp 1 olika rubriker dér de tva
forsta, projektet och delomrdden, ar till {for att beskriva projektets olika delar. Desto
storre ytor och detaljerade projekt ju mer omfattande blir beskrivningen. Den tredje
rubriken kallas skdtselprodukter dér utforandet av skotseln beskrivs for olika vixter
som ytan innehéller (Slagstedt, Hammer, Emilsson & Stalhamre, 2014).
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PROJEKTET DELOMRADEN SKOTSEL-PRODUKTER
e Ursprungsbeskrivning e Ursprungsbeskrivning e Malbeskrivning
e Nuldgesbeskrivning for delomradet e Metod
e Malbeskrivning * Nulagesbeskrivning

for delomradet

e Malbeskrivning for
delomradet

Figur 10. Enkel illustration av  Biodivercitys  skotselbeskrivningsmall
(Slagstedt, Hammer, Emilsson & Stalhamre, 2014)
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4.3 Intervju

Kapitlet presenterar en sammanfattning av atta intervjuer med nio aktdrer inom
levande véggar projekt i sddra Sverige. Respondenterna presenteras nedan. For
utforligare presentation av respondenter och deras projekt samt komplett
sammanstéllning av varje enskild intervju, se Bilaga 4.

Bell, Daniel Leverantor, Goteborg (for enskilt projekt)

Bergsten, Malin Projektledare, Vasakronan, Goteborg

Hoglund, Lars Leverantor, Butong, Stockholm

Johansson, Peter Tekniskt ansvarig, serviceforetag Ambius, Helsingborg
Koutny S, Veronica Projektledare, NCC, Stockholm

Kruuse, Annika Projektledare, Malmo stad

Nerhagen, Alfred Projektledare, Helsingborg stad

Philipson, Kristina Projektledare, White Arkitekter, Stockholm

Wastrell, Christina Produktansvarig, serviceforetag Ambius, Helsingborg

4.3.1 Tekniken bakom systemet levande vaggar

Systemlosningar

Anldggningarna i projekten dr av modulsystem i form av lador och flexibla fickor
eller filtdukssystem av latt skdrmfasad. Systemen &r frén befintliga leverantdrer och
egen designade. Anlidggningar i Helsingborg, Augustenborg och en i Varvsstaden ér
av typen lador och samtliga dr av utldndsk leverantdr. Anldggningen i Goteborg ir av
en litt skdrmfasad designad av Daniel Bell, en svensk leverantdr. Projekten i
Varvsstaden och Stockholm dr forskningsprojekt ddr egna prototyper av levande
viggar tagits fram. En av anldggningarna 1 Varvsstaden &r ett egen designat
fickviggsystem. Projektet mellan White och NCC i Stockholm testar tre olika
16sningar, tva 1adtyper av vitlackerade pldtkassetter och en tredje av typen gron fasad.
Forskningsprojekten utvirderar biologisk mangfald, teknisk prestanda och ekonomi.
Béda projekten utvdrderar hur fukten paverkar underliggande fasad samt
energieffektiviseringen av systemet, dér projektet i Varvsstaden har visat resultat av
inga fuktskador och minimal energipaverkan pa byggnadens energiprestanda.

Vasakronan i Goteborg ser deras forsta levande vdgg som ett testprojekt, dar fragor
kring teknik, utseende, underhdll och forvaltning ska utvdrderas. Anldggningarna i
Helsingborg utvirderas stindigt av ansvarig underleverantor, ett foretag inom grona
16sningar. Respondenterna talar om betydelsen av forskning och fler implementerade
16sningar for att utveckla systemet till en mer hallbar produkt. Pé sikt kan det leda till
fler jobb och eventuella exporter for Sverige.

”Vi hoppas att vara projekt fungerar lite som tester och att de forhoppningsvis ska
kunna generera billigare och bdttre gréna losningar i framtiden sd att ldttare kan
appliceras i den befintliga staden”, berittar Kruuse.

Leverantorerna Hoglund och Bell anser att deras produkter har ldmnat
utvecklingsstadiet och véntar pa att marknaden ska mogna med konceptet levande
vaggar.

Tva respondenter pratar om miljofotavtrycket av levande véggar som en negativ
parameter hos systemet. Systemet dr beroende av fungerande teknik, el och skdtsel
och kréver fler resurser i jamforelse med gronska pa mark eller grona tak. Nerhagen
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tror att frimsta motivet till att installera en levande vdgg i dagsldget ar for att
uppmaérksamma ett arbete med grona l6sningar, men 16sningen i sig sjélv ser han inte
som héllbar. Koutny ndmner det krivande underhéllet. Wastrell berittar att deras
underleverantérer av levande vdggar arbetar med ett helhetstink kring miljé och
jobbar stindigt for att utveckla deras produkter att bli mer héllbara. Att anvédnda
atervunnet material dr ett sitt att skapa en mer hallbar produkt. Filtdukssystemet
designat av Bell innehdller plastskivor gjorda av &tervunnen pressad plast och
filtmaterial av atervunna kléader.

Bell, leverantor av filtdukssystem, kritiserar modulsystem och tror inte att det dr en
héllbar 16sning i langden péd grund av dyr teknik och drift. Han ser filtlosningen som
ett mer hallbart koncept med en enkel design med mindre antal komponenter och
mindre krdavande underhall. H6glund och Philipsson ndmner tung vikt som en nackdel
for modulsystemet, med komponenter gjord av stdl och betong som forsvarar
montering och underhall. Mélet med Whites platkassetter ar att enheterna ska goras
mindre vid en mer etablerad produkt for att underlétta hantering.

Pris och livsléingd

Ingen av respondenterna har uppgifter pé livslangd for anldggningarna. Manga uppger
att det ar for tidigt att dra slutsatser om livslingd dd tekniken inte ar tillrackligt
beprovad. Osédkerhet finns kring hur anldggningarna ska klara av ett svenskt klimat.
Respondenterna ndmner den bakomliggande konstruktionen som en faktor som
paverkar livsldngden, exempelvis stdl som kan rosta. Bell uppskattar livsldngden pé
sitt filtdukssystem till 30 &r men uppger att det kan vara hogre och refererar till Blancs
systemlOsning.

Priset dr svaruppskattat enligt respondenterna. Priset &r beroende av manga faktorer
sasom storlek, placering och véxtval och manga uppger att de &r i ett for tidigt stadie
an for att kunna gora en prisuppskattning.

"Priset beror pd hur stor yta som ska projekteras och materialet. Viixter och froer dr
billiga. Men tanken dr att vart system med levande viigg ska vara precis lika
Jjdmforbart prismdssigt som en vanlig fasadlosning ”, beréttar Philipson.

De respondenter som har prisuppgifter dr leverantdrerna. Bells system startar vid 3000
kr/m” och Butongs system ligger vanligen pa en kostnad pa 5000 kr/m?.

Bevattningssystem

Samtliga vdggar anvdnder sig av ett automatiskt konstbevattningssystem.
Anldggningarna 1 Varvsstaden och Helsingborg &r utrustade med ett datastyrt
bevattningssystem med inbyggda sensorer direkt kopplat till ett larmsystem.

Tre respondenter ndmner ojdmn bevattningsdistribuering som ett problem. Vissa delar
av viggen blir torrare och skapar samre forutsdttningar for vixterna att vixa. Framtida
problem gillande kalkbildning i bevattningsroren beaktas for anldggningarna i
Helsingborg och 16sningsforslag haller pa att utredas.

Tva respondenter berdttar om utvecklingsarbetet mot ett mindre energikrdvande
bevattningssystem. Bevattningssystemet i Whites och NCC:s forskningsprojekt &r
endast tinkt for dagar med hdga temperaturer och avsaknad av regn. Malet ar att
utnyttja dagvatten, ddr en av prototyperna dr utformad med en veckad plit som ska
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mdjliggéra upptagning av dagvatten. Philipson beréttar att de efter installation
upptickte att bevattningsslangen i mittersta partiet av viggen inte fungerade. Det gick
inte att atgdrda 1 efterhand vilket medfort att den delen av védggen inte har
konstbevattnats alls men har frodats pd samma sitt som de Ovriga viggarna.
Philipsson papekar att det &r stor chans att vdggen kan klarar sig utan
bevattningssystem. Butong har ett padgaende projekt ddr kunden inte vill ha nagon
vattenpump utan endast anvinda sig av dagvatten for bevattning. Foretaget dr i gng
med att utveckla en prototyp med mossa och naturlig bevattning.

“Utvecklingen i framtiden av systemet dr att jobba mer med l6sningar som dr helt
utan bevattningssystem dd det finns en stor efterfragan pa marknaden efter just
sddana”, berittar Hoglund.

Vixter

Vixtvalet har enligt respondenterna en stor betydelse for det estetiska uttrycket och
overlevnad av védggen. Vixterna viljs med utgangspunkt for att klara av det svenska
vinterklimatet, med anvéndning av lokala och tdliga véxter. Vintergrona véxter &r
vanligt forekommande. Respondenterna papekar att det dr viktigt att viggen ser bra ut
under vintertid samtidigt som systemet ska tillitas folja &rstidsvéxlingar med
blomning under var och vila under vinter.

Kunskap om vilka vaxter som klarar det svenska klimatet har respondenterna fétt frdn
eget experimenterande. I Helsingborg har olika arter testas med viss hjélp av deras
hollandska underleverantorer med bred kunskap om vaxtviggar.

”Hur vdxterna fungerar ihop dr ocksa viktigt, for viljer du vixter med olika typer av
ndringsbehov sda kommer dem inte att funka ihop for att det dr vdildigt svdrt att fixa en
vdgg som skickar ut olika ndring till olika vixter.” berattar Nerhagen.

Projektet i Malmd har haft ett samarbete med SLU, Sveriges Lantbruksuniversitet,
som testat olika arter. Leverantéren Bell har utfort experiment privat i norra Skane.
Tva kalla vintrar med néstan 20 minusgrader 1ag till grund for utvérdering av plantor
som tdl kyla och vintersol. Bell pdpekar att Sveriges klimat inte &r optimalt for
vixterna da det dr svart for plantorna att vixa och Overleva. Plantskolor och
véxtleverantorer med bred kunskap om vixter for levande viggar och ett driv att
utforska dr ndagot han tycker saknas i Sverige. Projektet i Stockholm experimenterar
ocksa med olika véxter. I forsoksprojektet har kassetterna fyllts med bade fréer och
fardiga plantor. Vid en mer etablerad produkt dr tanken att kassetterna endast ska
fyllas med froer. Det mojliggor lagring av modulerna pd byggplatsen i flera veckor.
De vattnas forst efter installation, vilket kan underlitta logistik och hantering innan
och under installation. Nerhagen papekar forodling av véxter som en framgangsfaktor
for anldggningarna i Helsingborg. Viéxterna forvarades i véxthus i 8-10 veckor innan
installation for att géra dem starkare. Ju senare plantering av vixter pa dret desto
viktigare att de fatt tid att vixa till sig inomhus.

En frodigt vdxande vdgg kan under vintersdsong pédverka det estetiska uttrycket
negativt med vilande vixter. Darfor valde White och NCC ett modulsystem framfor
en filtdukssystem, med mojligheten att ha en estetiskt tilltalande bakomliggande
konstruktion i form av vita platkassetter som kan trdda fram vid vinterhalvéret nér
véxterna gar i vila. Butongs grundidé dr densamma, dir betongstrukturen bakom é&r ett
estetiskt tilltalande element utdver vaxterna. Filtdukslosningen &r helt utan jord. Nér
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véxterna vil sitter pa plats rotar de sig fast i viggen, dér vixterna kopplas ithop med
varandras rotter och skapar pd sé sitt ett stabilt system med mindre risk for hél i
plantering.

Att arbeta for acceptansen hos allmédnheten av vilande véxter under vintersdsong kan
vara ett sdtt att skapa ett mer hallbart system, enligt Nerhagen. Anldggningar som
forvintas vara grona aret runt stdller hga krav pa underhéllet.

”Da sdtter man den standarden och forvintar sig inte en vdgg som vissnar pd vintern

och blir gron pd sommaren. Man hamnar i fillan ddr viggen blir en hogskotselvigg

och som dd far ett storre fotavtryck dn en vigg som faktiskt foljer arstiden”, berittar
Nerhagen.

4.3.2 Underhall av systemet levande vaggar

Driftansvarig

Driftansvarig skiljer sig at mellan projekten. Vid forskningsprojekt skots driften
vanligen av forskarteamet, dir underhillet ses mer som kontinuerlig utvardering och
kunskapsinsamling. Vid mer traditionella projekt anstills en driftansvarig externt eller
internt. I Helsingborg ansvarar ett externt serviceforetaget, i Augustenborg ar ett
kommunalt bostadsbolag och i Géteborg ér forvaltningssidan pa foretaget Vasakronan
ansvariga.

Leverantorsforetaget Butong inkluderar underhdll for ett &r i1 priset. Dérefter
bestimmer kunden om Butong ska fortsdtta med underhallet eller om de sjdlva eller
ett annat foretag ska ta dver. Det finns en efterfragan bland Butongs kunderna om en
extern underhdllsansvarig vilket genererar ytterligare vinst for foretaget. Som
driftansvarig kan de dven paverka vdggens utseende och védrna om sitt varumaérke.
Leverantoren Bell har alltid kontinuerlig kontakt med kund efter installation.
Viggarna dr hans konstverk och han vill forsékra sig om att de haller sig i fint skick.
Kontakten skiljer sig mellan projekt. I Vasakronans fall har ett ettdrskontrakt skrivits
dér Bell ansvarar att se over vidggen vid behov utdver driftansvarig och exempelvis
byta ut véxter.

Skotselbehov och aktiviteter

Skotselbehovet for samtliga viggar foljer ett liknande monster. Skdtselbehovet styrs
utifrdn kundens 6nskemal, placering, typ av vigg, storlek, viixtval och arstid. Arlig
driftkostnad dr dérfor svér att uppskatta, dir ingen av respondenterna kan ge en direkt
siffra.

Kontinuerlig tillsyn gors inom ett spann mellan en vecka till en ménad, med ett titare
intervall under sommar och var. Framst kontrolleras fuktmingd. I Ovrigt rensas
viggen pa ogris och fula blad, tekniken ses dver och eventuella plantbyten gors.
Leverantoren Bell liknar underhéllet med ett traditionellt trddgérdsarbete, dér det &r
viktigt att titta och kdnna pé viggen regelbundet. Tekniken kan aldrig helt ersétta den
manuella justeringen. Vid en 14gt placerad vigg ar risken for skadegdrelse hogre.
Anldggningarna i Helsingborg har haft betydligt mindre skadegorelse &n véntat i
jamforelse med traditionella rabatter. En hogt placerad vdgg fOrsvérar
underhéllsarbetet dédr hjéalpredskap som exempelvis lyftkran behdvs. Viggar med
monsterdesign dr en aning mer svarskotta enligt serviceforetaget Ambius, da sektioner
av arter kan véxa olika mycket och kraver pa sa sitt mer underhdll for att behalla
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designen. En vigg utan direkt monster anses mer lattskott dar véaxter kan vixa mer vilt
och omplanteringen blir med flexibel.

Bevattningen skiljer sig mellan arstider. Under sommartid bevattnas viggen dagligen.
Under vintertid stangs bevattningen av helt for att 1ta véixterna gd i vila, vilket sker
manuellt eller automatiskt. Vid ett datastyrt system bldses vattnet automatiskt ut ur
systemet vid 14dga temperaturer, for att undvika springning. Anldggningarna i
Varvsstaden och Helsingborg dr utrustade med ett datastyrt system med sensorer,
vilket mojliggdér en Overvakning dygnet runt. Dataloggning ger statistisk data dver
skotselbehovet, dir exempelvis vattendtgang eller temperaturdandringar kan f6ljas upp.
Sensorerna &dr direktkopplade till ett larmsystem. Under ett ar skedde fyra
stromavbrott i en av anldggningarna i Helsingborg, dir larm gick ut direkt att
bevattningssystemet var ur funktion. En begrinsning med sensorerna dr att de endast
kan kénna av lokalt hur viggen mar.

Arliga kontroller sker vanligen vid hdst och vér, da storre aktiviteter genomfors sdsom
omplantering och klippning. Behovet av klippning ar beroende av placering och det
estetiska uttrycket. En lagt placerad vdgg behdver ses 6ver mer dn en hogt placerad
vigg. Majoriteten av respondenterna har ett mal om en sa underhdllsfri vigg som
mdjligt, dar véixterna ska fé leva naturlig och frodas vilt. Klippbehovet ar dé 14gt och
sker endast vid behov for att inte ticka fonster eller liknande. Vdlvuxna véxter kan
fungera som ett skyddande lager Gver de svagare véxterna under vintersdsong.
Klippning kan &ven vara aktuellt for att minimera brandrisk av doda vixter.

4.3.3 Underhallsplanering av levande vaggar

Projektteamet

Projektteamen dr mellan 5-10 personer. I teamen ingér alltifrdn projektledare,
forskare, arkitekt, landskapsarkitekt, konstruktdr, ekonomiansvarig, byggherre,
byggnadsentreprendr, landskapsdesigner och stadstrddgardsmistare. Experthjilp
kopplas in vid behov. Tydligare ansvarsomraden finns bland inblandade aktorer i mer
traditionella projekt jimfort med forskningsprojekt. I ett av projekteten var ett
serviceforetag med ansvar for framtida drift med vid projektstart, vilket sdgs som en
framgangsfaktor.

“Det dr viktigt att det finns en tydlig link mellan de som bygger viggen och de som
skoter viiggen. I vart fall dr det driftforetaget Ambius som bdde har statt som
huvudman for byggandet och som idag skéter viggen. Sa det ligger i deras intresse
att den ser bra ut for att de ska kunna bygga fler viggar och skota dem”, berittar
Nerhagen.

Underhallsplanering och éverlimning

Ingen av respondenterna har ndgon underhéllsplan uppréttad. Philipson anser att det &r
svért 1 ett forskningsprojekt att ta fram en underhallsplan nir underhéllsbehovet &r
under utredning, men vid en mer etablerad produkt anser hon att det dr viktigt med en
tydlig plan for att fa vdggen att overleva. En framtida underhallsplan tror Philipson
kommer vara beroende av byggnad och fastighetségare. En av respondenterna nimner
platsanalys som en del av planeringen.

Respondenterna nimner kommunikation som en vital del under planeringsprocessen.
Kruuse papekar att kommunikationen mellan inblandade aktorer har varit en utmaning
under planeringsstadiet samtidigt som det ar viktigt. Att ta fram ett gemensamt mal

32



Empiri

som alla aktorer 1 arbetsgruppen strivar efter dr ocksa viktigt. Byggnadsentreprendren
ska ha samma maéal som driftpersonalen, didr kommunikationen vid dverlamnandet &r
en viktig del for att lyckas.

”Det dr viktigt att faststdlla varfor vi vill ha den levande viggen och vad vi vill att den
ska leverera. Mdlsdttningen ska vara tydlig och vara med i nésta steg i
overldmnandet”, menar Kruuse.

Att ha utlindska underleverantorer tycker en av respondenterna har varit en utmaning.
Kommunikationen bestod till storsta del av mailkontakt vilket fordrojde
informationshantering och beslut.

Serviceforetaget Ambius ansvarar bade for byggnation och underhdll av
anldggningarna i Helsingborg. Vid deras forsta projekt fick de indikationer fran deras
underleverantérer om skotselbehovet och har sedan utifrdn erfarenhet lart sig
skotselbehovet for viggen. Vid dverlamningen for projektet i Goteborg instruerade
leverantoren for driftansvarig pa plats, gillande systemets funktion och
underhéllsaktiviteter. Leverantoren skickade sedan skriftliga instruktioner till
driftansvarig for fortydligande.

Erfarenhetsiaterkoppling

Manga av respondenterna talar om vikten av erfarenhetsiterkoppling for att sprida
vidare kunskap och erfarenheter. Malmo stad 4r igdng med att ta fram en handbok och
en digital utbildning om grona losningar, dér levande véiggar ingar. Helsingborg stad
arbetade fram en informationsfolder efter deras forsta projekt ar 2013 och anordnade
ett seminarium om levande viggar ar 2014. Nerhagen tror att kunskap och erfarenhet
om levande viggar behdver goras mer lattillginglig i form av en hemsida dit
intresserade kan vénda sig for information.

4.4 Observation

Observationer har gjorts pa tvd olika systemldsningar av levande véggar, ett
modulsystem och ett filtdukssystem. For en mer ingdende beskrivning och bilder, se
Bilaga 5. Observationerna genomfordes 26 november 2015 i Helsingborg pa tre
modulvéiggar och 24 oktober 2015 pé ett filtdukssystem i Goteborg. Viggarna ér
grona trots host och sticker ut frdn den annars gria kala miljon, se Figur 11. Bada
systemen frodas fint och &r estetiskt tilltalande. Véxterna &r i tre av fyra fall placerade
1 monster. Viaggen i Goteborg dr hogt placerad och gick inte att kdnna pd. Viggarna i
Helsingborg ligger i marknivd och var fuktiga vid kinning. En av véggarna i
Helsingborg ar placerad under tak och var lite mer glesbevuxen an de andra. Samtliga
modulsystem hade hal i plantering. Visst skrdp hittades i tvd av modulviggarna.
Skillnad mérktes pa véxtlighet beroende pa vaderstreck, dédr soder och vést var mer
vélbevuxna. Insekter hade bosatt sig i modulviggarna och smultron fanns fortfarande
att plocka.
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Figur 11. Offentlig toalett pd Konsul Olssons plats, Helsingborg (Andersson &
Simu, 20135).

4.5 Sammanfattning av insamlad empiri
Levande véggar dr beroende av fungerande teknik och underhall, vilket leder till hog
resursanvdndning. Majoriteten anvdnder konstbevattning vilket dr energikrdvande,
men utvecklingen gar mot dagvattenanvdndning. Anvindning av dtervunnet material
ar en annan resursforbattring. Filtdukssystem har mindre materialkomponenter men
modulsystem dr mer flexibelt. Filtdukssystem dr mer heltickande men modulsystemet
kan med ett estetiskt tilltalande skal tilldta 1ag véxtlighet. Majoriteten av studerade
projekt dr av typen modulsystem. God kunskap om passande véxtlighet finns men &r
begridnsad till f4 experter och drivna aktdrer. Vintergrona véxter &ar vanligt
forekommande. Mossa ér en tdlig art som utforskas. Forodling skapar starka vaxter
medan frokassetter kan underlitta logistik vid installation.

Underhallsfrekvens styrs utifran kundens 6nskemal, kunnig personal, placering, typ
av vagg, storlek, véxtval och arstid. Dirav dr en generell driftkostnad svar att
uppskatta. Kontinuerlig tillsyn utférs inom ett spann mellan en vecka till en ménad,
beroende av érstid. Tillsyn innebér framst kontrollering av fukt, teknik och véxter.
Storre aktiviteter sker &rligen, sdsom omplantering, klippning och kontroll av
bakomliggande fasad. Ett gemensamt mal &r att skapa ett s& underhallsfritt system
som mojligt, men en manuell tillsyn &r vital. Teknisk 6vervakning underléttar skotsel
och kan forlinga livslingden. Acceptans for Aarstidsvdxlingar sidnker krav pa
underhéllet.

Tydligt mal och kommunikation &r viktigt i planeringsstadiet, dér involvering av
driftansvarig fran start forbattrar resultat. Majoriteten av studerade projekt har ingen
tydlig underhallsplanering. Platsanalys och malbaserad underhallsplan identifierar
risker och mdjligheter 1 ett tidigt stadie. Kontinuerlig utvdrdering och
erfarenhetséaterkoppling forbéttrar planering av framtida underhallsarbete.
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5. Analys och resultat

I kapitlet analyseras den insamlade empirin kopplat till teorin for att sedan besvara
fragestéllningarna. Data presenteras i tabellform och text.

5.1 Analys

De tre hallbarhetsaspekterna miljé (M), ekonomi (E) och socialt (S) vigs in 1 analysen
for att mojliggora ett slutsatstagande om hallbarheten. Darefter hinvisas var
informationen framkommer i studien: T- Teori, D- dokumentanalys, I-intervju och O-
observation. Slutligen foljer en resulterande text som lyfter fram de viktigaste
aspekterna.

5.1.1 Hallbar teknik for levande vaggar
Nedan presenteras i tabellform (se Tabell 1) mojligheter och utmaningar med tekniken

for en héllbar levande végg i Sverige.

Tabell 1.

Hallbar teknik for levande viggar (Andersson & Simu, 2016)

HALLBAR TEKNIK: Levande viggar

MODULER

Kommentarer: Livslangd
enligt teori ligger pa 50 ar
men respondenterna vet i
de flesta fall inte hur
lange deras produkter kan
tankas halla.

MOJLIGHETER

Modulsystem med lador har
visat ha nagot hogre
vattenkapacitet gentemot
ficksystem (M)(E)D

Flexibilitet vid reparation och
montering (S)(E)TI

Frokassetter mojliggor lagring pa

byggplats innan installation
(M)(E)(S)I

Skalet i sig kan vara estetiskt

tilltalande, beroende pa design

(S

Langre livslangd an filtduk
(M)(E)T

UTMANINGAR

Tung konstruktion kan
paverka montering och
bakomliggande fasad,
beroende pa materialval
och storlek (S)(E)TI

Manga systemldsningar
importeras vilket skapar
langa transporter (M)(E)TDI

Sensorer i [6sningarna har
pavisats att ge endast lokal
utlasning i vissa fall (E)I

Ofta en dyrare
tillverkningskostnad med
fler materialkomponenter
(M)(E)TI

Eventuell risk for rost av
plat (M)(E)I
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FILTDUK MOJLIGHETER UTMANINGAR
Kommentarer: Enligt teori
ar livslangd beraknad till
cirka 15 ar, enligt

Enklare och billigare design med

. . Kortare livslangd an
mindre materialkomponenter

modullésning (M)(E)TI

o (M)(E)(S)TI

respondent ar livslangden

cirka 30 ar. . . . . Vattenkonsumtionen &r
Vaxter lever i symbios, rotar sig naeot héere iEmfért med
fast i varandra (M)(S)TI ASORIDaIE SO e

planteringslador (M)(E)T

Stor estetisk potential forutsatt ~ Sjalva filtduken ar inte sa
att vaxter ar heltackande (S)TOIl estetisk tilltalande (S)I

ALLMANT MOJLIGHETER UTMANINGAR

Kommentarer:

Framjar ekosystemstjanster
(biologisk mangfald, gronytor,

anses allmant vara mer psykisk halsa) (M)(E)(S)TI
skotselkravande an vid
substratanvandning. Hydroponiskt system: tillater en

storre mangfald av vaxter och Hog kostnad i jamforelse
generera i billigare och vaxter fran olika tillvaxtstadier = med fasad (E)I

battre I6sningar vilket (M)(S)T

langsiktigt kan leda till fler Automatiserad teknik, sensorer,

Beroende av standig
skotsel (S)(E)TDI

Hydroponiska system

Forskningsprojekt kan

Beroende av ett

jobb och eventuella termostat och fuktighets- - it :
exporter. indikator forebygger risker O:t muertlg Ejl\r;lf(eEr)?rrlljle
(S)(E)TDI vattensystem

Dataloggning ger statistisk data  Konstgjord bevattningen
om vaggen och pa savis kunskap Overskrider den naturliga

(S)DI (M)(E)DI

Mojlighet till anvandning av Fa leverantorer av system
atervunnet material for fran den svenska
framstallning av produkt marknaden, manga i
(M)(E)DI utvecklingsfas (M)(E)(S)TDI

Eventuell omplantering av
vaxter (M)(E)(S)DI

Beroende av el (M)(E)TDI

Substratblandning, ger
extra vikt (E)(S)T
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BEVATTNING
Kommentarer: Flera av
respondenterna ar i ett
utvecklingsarbete for ett
bevattningssystem som
endast anvander sig av
dagvatten.

VAXTER

Kommentarer: Att forodla
vaxter inomhus har visat
sig vara en framgangs-
faktor infor planteringen i
system da plantorna far
storre chans for
overlevnad. Ekonomiskt
sett kostar det pengar att
forodla plantor och
leverera dom vid ratt
tillfalle. NCC och White
utforskar mojligheten att
anvanda sig av enbart
froer. Butong utforskar
mojligheten till att
anvanda mossa i
systemet.

MOJLIGHETER

Sensorer forebygger uttorkade

och dvervattnade vaxter
(M)(E)(S)TDI

Mojlighet till anvandning av
dagvatten (M)(E)DI

Automatiserad

bevattningsteknik forenklar drift

och utvardering (S)(E)TDI

MOJLIGHETER

Anvandning av lokala vaxter,
manga av dom vintergrona
(M)(E)(S)DI

Forodla vaxter i vaxthus innan

installation (M)ID

Mojlighet till odling (M)(E)(S)DO

Lata vaxterna i systemet folja det

svenska klimatet - blomma
under var och sommar, vila

under host och vinter (M)(E)(S)I

UTMANINGAR

Avancerad teknik med
manga komponenter
(M)(E)(S)TDIO

Konstbevattning:
Kontinuerligt vattenflode
(M)(E)TDI

7,5 ar beraknat ombyte av
vattenledningar (M)(E)(S)T

Kraver naringstillforsel
(M)(E)(S)TDI

Eventuell kalkbildning i ror
(M)(E)(S)TI

Kanslighet mot snabba
temperaturvaxlingar (E)TDI

Ojamn distribuering av
vatten- och naringstillforsel
(M)(E)I

UTMANINGAR

Fa leverantorer av vaxter i
Sverige (M)(E)TID

Forodla vaxter i vaxthus
innan installation (E)D

Klimatets paverkan pa
vaxter och dess overlevnad
(M)(E)(S)TDI

Kunskap om urval av vaxter
ar begransad till fa
experter och drivna aktorer
(E)(S)TI

Vissna vaxter och hal i
planteringar (S)Ol
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For att uppnd héllbarhet méste det studerade objektet vara héllbart i var och en av de
tre olika dimensionerna enligt teori. Levande vdggar har manga sociala och
miljoméssiga fordelar, ddr det bidrar till en trivsam stadsmiljo och framjar
ekosystemtjanster. Ekonomiska och miljoméssiga utmaningar finns med systemet.
Avancerad teknik leder till hog resursanvéindning och hoga kostnader. Utvecklingen
gér mot att kombinera konstgjord bevattning med dagvatten eller att helt anvdnda
dagvatten. Att anvdnda atervunnet material dr en resursforbittring miljomassigt.
Filtdukssystem innehdller farre materialkomponenter men modulsystemet dr mer
flexibelt. Livsldngden dr oklar for de bada systemen vilket gor det svérare att avgora
héllbarheten. Estetiskt sé har filtdukssystemet storre potential for ett heltdckande lager
med vixter men modulsystemet kan tillata 1ag vaxtlighet med ett estetiskt tilltalande
skal, vilket kan vara till fordel under vintersdsong. Det finns god kunskap och
erfarenhet om vilka véxter som anpassar sig bra efter det svenska klimatet. Kunskapen
ar dock begransad till fa experter och drivna aktorer. Mossa dr en talig vaxtart som &r
under utredning i kombination med naturlig bevattning. Framtida mdjlighet att
anvénda sig av frokassetter kan forenkla forarbete och logistisk vilket kan frimja den
ekonomiska hallbarheten. Forvédntningar pd att den levande vdggen stindigt ska vara
gron sdtter krav pa tekniken. Acceptans for drstidsvéxlingar sédnker krav och skapar en
hallbarare produkt.
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5.1.2 Hallbart underhall fér den levande viaggen

Nedan presenteras i tabellform framgangsfaktorer och utmaningar med underhallet av

levande viggar.

Tabell 2.

Hallbart underhdll for den levande viggen (Andersson & Simu, 2016)

HALLBART UNDERHALL: Levande viggar

Kommentarer:
Respondenter papekar att
det ar generellt ett hogt
underhallsbehov for en
levande vagg men nar
systemet val fungerar
anses det i sig vara
lattskott. Allmant finns
det ett stort intresse pa
den svenska marknaden
att skapa ett sa underhalls-
fritt system som mojligt.
Underhallsaktiviteter kan
vara att rensa ogras,
bibehalla och skota
vaxtligheten, utvardera
vaxters prestanda, skotsel
av substrat, undersdékning
av bevattningen och dess
system samt se over att
den bakomliggande
fasaden inte tagit skada.

FRAMGANSFAKTORER

Underhall bor ske pa ett spann
fran varje vecka till varje manad

(M)(S)DI

Utfoéra och identifiera

underhallsaktiviteter skriftligt i

underhallsplan (E)(S)TDI

Okej underhallsbehov i

jamforelse med rabatt (M)(E)(S)!

Lagt klippbehov, sker efter
behov, vanligen arligen
(M)(E)(S)TDI

Kan generera jobb och
inkomstmaijligheter (E)(S)DI

Engagerad och kunnig personal
genererar ett battre underhall

(E)(S)TI

Avancerat bevattningssystem

underlattar underhallandet
(E)(S)TDI

Acceptans for arstidsvaxlingar

kan minska underhallet
(M)(E)(S)I

System som larmar vid fel
underlattar underhallet
(M)(E)(S)TDI

UTMANINGAR
Klimat och sasongs-
relaterade faktorer

paverkar underhallet
(E)(S)TDI

Manuell tillsyn ar vasentlig
utover det automatiska
(E)(S)TDI

Hog underhallsbehov i
jamforelse med fasad
(M)(E)(S)!

Oklippt vagg med doda
vaxter kan utgora brandrisk
(M)(E)(S)DI

Svaratkomlig placering
forsvarar underhallet
(E)(S)TDI

Lag placering utgor risk for
skadegorelse och
nedskrapning (E)(S)TD

Vid atbar odling kan det
kravas omfattande
omplanteringar efter
sasong (M)(E)D
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Underhallsaktiviteter och frekvens styrs av kundens Onskemadl, kunnig personal,
placering, typ av végg, storlek, védxtval och arstid. Kontinuerlig tillsyn utfors inom ett
spann mellan en vecka till en ménad. Framsta aktiviteter dr kontrollering av fukt,
teknik och vixter. Storre aktiviteter sker drligen, sdsom omplantering, klippning och
kontroll av bakomliggande fasad. Teknisk dvervakning underléttar skotsel. Acceptans
for arstidsvixlingar sdnker krav pa underhdll. Utvecklingen gér mot ett sa
underhdllsfritt system som mojligt, men manuell tillsyn dr vital. Underhéllet ses inte
som héllbart i1 jimforelse med en traditionell fasadlosning men vid jimforelse med en
horisontell rabatt dr underhéllet likvardigt. Eftersom vdggen innehéller levande vaxter
kanske det vore mer korrekt att se den levande viggen som en rabatt istéllet for en
fasad, vilket kan éndra instdllningen kring ett krivande underhall.

For ingdende forklaring av relevanta underhéllsaktiviteter, se Bilaga 6.
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5.1.3 Utveckling av planeringsprocess for ett battre underhallsarbete
Nedan presenteras i tabellform framgéngsfaktorer och utmaningar med underhélls-
planering av levande véggar.

Tabell 3. Utveckling av planeringsprocessen for ett bdttre underhdllsarbete
(Andersson & Simu, 2016)

UTVECKLING AV PLANERINGSPROCESS FOR ETT BATTRE UNDERHALLSARBETE

Kommentar:
Platsanalysen kan
innehalla beskrivning av
lokal omgivning,
beskrivning av klimat- och
sasongsrelaterade
faktorer, analys av vikt
och barformaga,
utvardering av dranerings-
och bevattnings-
mojligheter, beskrivning
av existerande struktur
samt tillganglighet till
platsen. Oversiktligare
planer rekommenderas
att uppforas for att
identifiera risker av storre
underhallsaktioner och se
till sa att de inte krockar.

FRAMGANGSFAKTORER

Framta en tydlig och gemensam
malbild TDI

Kommunikation inom teamet ar
flodande och individerna ar
engangerade i fragan TDI

Driftansvarig ar involverad redan
i planeringsprocessen TDI

Utfora platsanalys DI

Identifiera underhallsaktiviteter
och vaxtarter skriftligt i
underhallsplan (E)(S)TDI

Underhallsplanen ska ses over
varje ar och andras efter behov
D

Forvaltningssystem som arbetar
med underhallsplan,
schemaldggning och
anstallningsavtal TD

Driftforetag har ett
helhetsatagande, ansvarar for
design, installation och underhall
DI

Tydlig 6verlamning vid tredje
part, instruerande pa plats och
skriftlig dokumentation DI
Anstallningsavtal framstalls D

Erfarenhetsaterkoppling Tl

UTMANINGAR

Forkunskap och erfarenhet
saknas hos involverade
aktorer Tl

Generell kunskapsbrist pa
den svenska marknaden TI

Svarare kommunikation vid
distans (utlandska
underleverantorer) |

Fa projekt har en tydlig
skotselplan |

Tekniska manualer for
fardigstalld produkt maste
korrigeras utefter lokala
forhallanden T
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Malet med projektet avgdér omfang och riktning. Mélet maste ddrmed vara tydligt och
kommuniceras ut till samtliga aktorer for att skapa engagemang och forstielse.
Fysiska moten underldttar kommunikation. Att involvera driftansvarig redan i
planeringsstadiet fOrbadttrar resultat gentemot malbild. Varje anldggnings unika
forutséttningar kriver en noggrann planering och kontinuerlig utvdrdering av behov.
Platsanalys dr nodvéndig eftersom faktorerna péd platsen paverkar kostnader och val
och dirmed underhéllsarbetet. En malbaserad underhéllsplan mdjliggor ett hallbart
underhéllsarbete, déir risker identifieras 1 ett tidigt stadie. Viktigt &ar att
underhéllsplanen kontinuerligt uppdateras och korrigeras efter lokala forhallanden. Ett
driftféretag med ett helhetsdtagande forenklar kommunikation. Vid anstillande av
tredje part &ar informationsoverforingen viktig vid Overldmning. Erfarenhets-
aterkoppling kan generera en bittre planering av framtida underhallsarbete.

Vidare presenteras en framtagen underhallsplan som resultat i Bilaga 6.

5.2 Fragestallning 1

Vilka konstruktionslésningar av levande véiggar dr hallbar i ett svenskt urbant klimat?

I dagsldget anses ingen av de studerade konstruktionsldsningarna vara fullstindigt
héllbar. Dock finns systemldsningar som har mer eller mindre héllbara egenskaper.
En héllbar systemlosning bor ldmna ett sd litet ekologiskt fotavtryck som mojligt
samtidigt som den uppnar de estetiska och sociala fordelarna med en levande végg.
Filtduksystem innehdller fdrre materialkomponenter medan modulsystem ar mer
flexibelt. Anvédndning av naturlig bevattning, lokala taliga védxter, varaktig
konstruktion samt atervunna materialkomponenter framjar héllbarheten miljomassigt
och ekonomiskt. Alla dessa aspekter behdver en systemlosning inneha for att anses
vara fullstindigt héllbar.

5.3 Fragestallning 2
Hur ska levande viggar i ett svenskt urbant klimat underhallas for att skapa ett
hallbart system?

En levande vigg kriver ett kontinuerligt underhall dér tillsyn utférs inom ett spann
mellan en vecka till en manad. Frimsta aktiviteter dr kontrollering av fukt, teknik och
véxter. Storre aktiviteter sker arligen. Underhallsfrekvens styrs av kundens 6nskemal,
kunnig personal, placering, typ av vigg, storlek, vixtval och arstid. En manuell tillsyn
ar vital utdver den tekniska vervakningen.

5.4 Fragestallning 3
Hur kan planeringsprocessen av levande viggar utvecklas for att mdjliggéra ett
bdttre underhdllsarbete?

En tydlig gemensam malbild med projektet dr vésentligt for att uppnd det forvéntade
resultatet av en levande vidgg. Involvering av driftpersonal i tidigt skede skapar goda
forutsdttningar mot ett lyckat underhallsarbete. Platsanalys och malbaserad
underhallsplan mojliggor ett hallbart underhallsarbete, dér risker identifieras och kan
korrigeras 1 ett tidigt stadie. Underhéllsplanen ska kontinuerligt uppdateras. Ett
driftféretag med ett helhetsdtagande dr att foredra men vid anstillande av tredje part ér
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tydlig informationsoverforingen viktig. Erfarenhetsaterkoppling kan generera i ett
bittre framtida underhallsarbete.

5.5 Koppling till malet

Studien visar att ett sa litet ekologiskt fotavtryck som mdjligt behovs for en hallbar
teknik dér de ekonomiska och miljoméssiga aspekterna ér de storsta utmaningarna hos
levande véggar 1 ett svenskt urbant klimat. En héllbar teknik med mindre
resursanviandning dr vésentligt. Vidare kravs en anpassad underhallsplanering med en
tydlig malbild, kommunikation med driftpersonal, platsanalys och malbaserad
underhéllsplan. Alla dessa aspekter, utifran teknik och planering, behdver riknas med
for att frimja ett héllbart underhall for levande viggar. Mélet med studien ses ddrmed
som uppnatt.
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6. Diskussion och slutsatser

Kapitlet diskuterar studiens resultat och valda metoder. Vidare diskuteras studiens
avgransningar, slutsatser och rekommendationer samt forslag pa vidare forskning.

6.1 Resultatdiskussion
Studiens validitet 4r god d4 den anses midta vad som avsags. Studien &r inte statistiskt
generaliserbar men daremot analytiskt generaliserbar, dér resultaten som diskuteras kan vara
tillimpbara 1 andra liknande fall. Validiteten styrks da problemet valts att studeras utifran
flera synvinklar, dir dokumentanalys och observationer backar upp huvudmetoden intervjuer.

Det ar svart att uppna god reliabilitet for en kvalitativ studie. Vid intervju finns risk for bias
och det dr mojligt att andra svar och resultat fs om ndgon annan genomfor studien. For att
forstirka reliabiliteten har semistrukturerad intervjuform anvénts. En intervjuplan med fragor
1 teman framstdlldes innan for att skapa struktur och underlitta informationshantering. Under
intervju fick respondenterna svara pd samma fragor och samtidigt friheten att prata fritt kring
dessa. For att ytterligare stdrka reliabiliteten har samtliga intervjuer spelats in, vilket
mdjliggor att i1 efterhand kunna ga tillbaka i samtalet och citera. Slutligen har intervjuerna
sammanstéllts och skickats till respektive respondent for korrigering och godkinnande for att
sakerstdlla att svaren tolkats pa ritt stt.

Teori och insamlad data leder till svar pd fragestéllningar. Studiens resultat vore mer
troviardigt om samma antal personer fran varje yrkesgrupp intervjuats. Eventuella skilda
asikter hade da tydligare framtrétt. Ett djupare perspektiv pa underhallet hade mdjliggjorts om
fler underhallstekniker hade intervjuats. Majoriteten av intervjuade projektledare har ingen
direkt erfarenhet av underhall av levande véiggar. Samtliga respondenter dr foresprakare for
levande véggar vilket dven kan vinkla resultatet och detta har funnits i atanke under
analysarbetet. Syftet var frdn borjan att ha en jamnare fordelning mellan de olika
yrkesgrupperna men mojliga respondenter var svéra att komma i kontakt med eller tackade
nej till intervju. For att ytterligare forbdttra studien hade en avsmalning av dmnet kunnat
goras, med enbart fokus pd teknik alternativt planering. Férre antal projekt hade kunnat
studeras for att hitta ett tydligare samband och goéra en mer djupgdende analys. Trots att
studien hade gynnats av en jdmnare fOrdelning mellan yrkesgrupper och ett smalare
perspektiv anses studien ge ett anvéndbart resultat.

6.2 Metoddiskussion

Ett kvalitativt angreppssitt anses lampligt da studien bygger pé erfarenheter. Sammanlagt har
atta intervjuer med nio olika aktorer genomforts vilket ger ett brett perspektiv. Vid ett
intervjutillfélle intervjuades tva personer samtidigt, vilket kan ha paverkat respondenternas
svar och det gor det svarare att skilja asikter at vid bearbetning av material. Inspelning av
telefonintervju gav sdmre ljudkvalité samt forsvarade bearbetning av material. Resultatet hade
kunnat forbéttras om samtliga intervjuer utforts i direktkontakt. P& grund av tidsbegriansning
och geografiskt lige togs beslutet att genomféra majoriteten av intervjuerna per telefon eller
videosamtal. Bada foOrfattarna har nérvarat vid samtliga intervjutillfillen fOrutom tva.
Franvarande forfattare har 1 efterhand lyssnat igenom hela intervjun och bada forfattare har
deltagit vid sammanstillning for att stirka ett kritisk forhallningssitt till material. Intervjuerna
hade gynnats av provintervjuer. Vissa fragor modifierades under insamling av empiri,
beroende pd hur frdgorna tolkades vid intervju och med tiden blev det lattare att styra
samtalen och stélla bra foljdfragor.
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Dokumentanalys har gjorts fortlopande under studiens gang och gett studien en bred faktabas
om implementerade levande vdggar i Sverige samt om strategier for underhéllplanering.
Observation har skett pa tvé olika system frdn huvudgrupperna, modul och filtduk vilket har
forstirkt intervjumaterialet.

6.3 Begransningar
Studien baseras péd erfarenheter av levande viggar i sodra Sverige i utomhusmiljé. Resultat
géllande teknik och vixtarter antas inte vara generellt applicerbart da val av systemet och dess
forutséttningar dr beroende av klimat. Strategier for underhallsplanering anses ddremot vara
anvéndbart i ett mer generellt syfte, da planering erfordras oavsett klimat.

6.4 Slutsatser och rekommendationer

1. Studien ger kunskap hur levande védggar ska underhallas mot ett hallbart tink. Varje
anldggnings unika fOrutsdttningar kréver noggrann planering och kontinuerlig
utvdrdering av behov. Framgangsfaktorer &r tydligt mél, kommunikation, platsanalys
och malbaserad underhallsplan.

2. Levande véggar integrerar gronska i staden och framjar ekosystemtjdnster och ir ett
satt att effektivt utnyttja mellanrummen i stdderna. De estetiska och miljomissiga
fordelarna med levande vaggar dr dess starka sida.

3. Det finns befintliga systemlosningar pa den svenska marknaden som har mer eller
mindre héllbara egenskaper men ingen utav dessa kan én sa linge anses fullstdndigt
héllbara. En mindre resursanvindning ar nddvéindig for en héllbar teknik, dar naturlig
bevattning, lokala taliga véxter, varaktig konstruktion samt datervunna
materialkomponenter frdmjar miljé och ekonomi.

4. Utvecklingsarbetet behover fortgd framforallt gillande bevattningssystemen med
ambition mot dagvattenanvindning. Resultatet av studien visar att utveckling av
tekniken gar just mot detta.

5. Utvecklingen gar mot ett sa underhallsfritt system som mojligt dir systemet kan leva
naturligt med acceptans for arstidsvéxlingar. Teknisk Overvakning underlédttar men
manuell tillsyn &r vital for viggens overlevnad.

6.5 Forslag till vidare forskning

Studien visar pd en bristande underhdllsplanering bland levande véggar projekt i sddra
Sverige idag. Utveckling och implementering av framtagen underhallsplan i1 framtida projekt
vore intressant vidare forskning. Ett djupare perspektiv frdn underhéllsansvarigs sida dr ocksa
viktigt for att skapa en storre forstielse av behov och brister for att mojliggoéra en hallbar
utveckling av underhdllsarbete for levande vdggar. En mer resurssndl konstruktion ar
avgorande for en skapa mer héllbar produkt och ett minskat underhéllsbehov, diar mdjligheten
till enbart dagvattenanvindning &r en viktig komponent som behdver forskas mer kring. Det
behovs en mer ingéende analys av olika systemlosningars miljopaverkan, dir en
Livscykelanalys (LCA) kan ge en bra uppfattning om resursflodena for att lattare se vad man
kan gora for att minska miljopdverkan. Analysen mojliggdr en tydligare jimforelse mellan
systemen filtduk och modul. Acceptansen for arstidsvixlingar dr en intressant fragestillning
kring hallbarheten for levande viggar i ett svenskt klimat. Hur ser acceptansen ut bland
leverantorer, kund och allménhet idag och hur kan det paverka underhéllsbehovet av levande
viggar? En mer detaljerad kartliggning av anvindbara véxtarter och konstruktioner i ett
svenskt klimat, i form av en manual eller liknande, efterfragas och kan underlétta framtida val
och planering av levande védggar och dess underhdll. En uppfoljning av experimenterandet
kring mossarter samt frokassetter potential for en framtida levande végg vore ocksa
intressanta omraden att forska vidare pa.
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Intervjuplan
Framtagen av Johanna Andersson och Malin Simu, 2015.

INLEDNING
* Beritta kort om dig sjilv

UNDERHALLSPLANERING
Hur kan planeringsprocessen av levande viggar utvecklas for att mojliggora ett
bdttre underhdllsarbete?

* Bakgrunden till projektet? Var kom initiativet ifran?

* Syfte och mél med projektet?

* Hur sig projektteamet ut?

* Vilken roll hade du i projektet och hur ség den ut?

*  Hur mycket kunskap hade du och &vriga teamet innan projektet om levande
vaggar?

* Hade du/ni i projektteamet jobbat med liknande projekt innan?

* Gjordes ndgon research innan projektstart? Hur och var?

* Vilka steg anser du vara det viktigaste i planerandet av den levande viggen?
Om du skulle rita upp en process frén framtagandet till utférandet av den
levande vdggen, hur skulle den se ut?

* Under planeringsstadiet, hur gick planeringen till géllande framtida underhéll
och drift?

* Vem blev utsedd till driftansvarig och hur gick det till?

* Finns det ndgon drift- och underhallsplan for viggen? Hur ser den ut i sa fall?
Vem har tagit fram den?

* Hur skulle du jaimfora planeringsprocessen med en levande viggen gentemot
ett "vanligare” byggprojekt?

* Vilka utmaningar stotte ni pa under planeringsprocessen?

* Fanns det brister i planering som gér att identifiera idag?

* Vad kan man gora for att undvika dessa brister i ett nésta projekt?

* Vilka har varit framgangsfaktorerna under planeringsprocessen?

* Vad har du lart dig som du tycker &r viktigt att ta med till ett nésta projekt?

TEKNIK
Vilka konstruktionslésningar av levande véiggar dr hallbara i ett svenskt urbant
klimat?

* Vad for system har ni anvént er av och varfor?

* Var kommer inspirationen till systemet ifrdn?

* Vem ir leverantor av systemet och hur valdes denna leverantor?

* Vem har utfort installationerna?

» Ar systemet framtaget just for detta projekt eller ir det en bestillningsprodukt?
* Hur &r systemet uppbyggt rent tekniskt?

e Hur fungerar bevattningssystemet?

* Vilka véxter anvénder ni er av och varfor?

*  Vem stod for vixtvalet?

* [ vilket substrat dr vixterna rotade?


malinsimu
Maskinskriven text
Bilaga 1
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* Hur ling dr installationstiden?

*  Hur mycket viger systemet?

*  Hur har ni hanterat vinteraspektfragan? Hur dr systemet utformat for att
hantera kyla?

* Vad ér berdknad livsldngd?

* Vad ir priset per kvadratmeter?

¢ Vilka brister finns med systemet?

e Vilka fordelar finns med systemet?

* Vad innebér en héllbar teknik for dig?

* Hur kan systemet utvecklas tror du?

UNDERHALL
Hur ska levande viiggar i ett skandinaviskt urbant klimat underhdllas for att skapa ett
hallbart system?

* Hur underhalls den levande viggen?

* Hur stort dr skdtselbehovet?

* Hur ofta sker inspektioner av vdggen och hur gar de till?

* Hur ofta bevattnas viggen?

* Hur ofta klipps viggen?

* Vilka ndringsdmnen tillsdtts och hur ofta?

* Krévs reparation och tillampningar av viggen? Hur ofta? Vad for slags? Och
hur atgérdas problemen?

* Hur skiljer sig skotsel beroende pé arstid?

* Vad ir den érliga driftkostnaden?

* Vad for problem har ni stott pa gédllande underhéllet?

* Har det funnit d&terkommande problem?

*  Hur har problemen dtgirdats?

¢ Vilka brister finns med underhéllet av systemet?

* Vad fungerar bra géllande underhallet?

* Vad innebdér ett hallbart underhallsarbete for dig?

* Hur kan underhallet av viggen utvecklas?

FRAMTID
* Vad tror du avsaknaden av levande vdggar i Sverige beror pa?
* Vad tror du behdver goras for att 6ka levande viggars ndrvarande 1 urban
miljo och hur nar vi dit?
e Hur tycker du framtiden ser ut for levande viggar?

SAMMANFATTNING
* Nagot mer du vill tilligga?
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Anlaggningar av levande viggar i Sverige
Framtagen av Johanna Andersson och Malin Simu, 2015

Teknik

Pumphuset, Helsingborg

Pumphuset pa Sundstorget i Helsingborg fardigstélldes 2013 och ar byggt av moduler
levererade fran det hollindska foretaget Sempergreen (Andersson & Karlsson, 2014;
Helsingborg stad, 2013).

Modulerna har monterats pa reglar mot befintlig betongfasad ddr modulernas baksida
ar vattentdt sd att ingen fukt ska skada den bakomliggande betongen (Helsingborg
stad, 2013). Modulerna bestar av grafirgade kassetter konstruerat med hal for
plantering av véxterna. Vixterna planterades i dessa kassetter 6-8 veckor innan
bygget utfordes sa att de skulle hinna utvecklas i systemet och bli taliga mot den
kommande vintern (Helsingborg stad, 2015).

Vixtbekladnaden bestdr av 21 stycken arter, varav huvuddelen utav dessa ar
vintergrona (Helsingborg stad, 2013).

B — - > : e T~
el "M‘ > 5 : - =

— < e

Den vertikala trddgdrden som omger pumphuset Helsingborg, Sundstorget
(Svensk byggtjdnst omvdrldsbevakning, 2015)

Bevattningssystemet dr helautomatisk och bestdr av en vattenslang som vattnar varje
rad av kassetter placerad pa toppen och lidngst ned finns en drianeringsrdnna som leder
bort resterande vatten (Helsingborg stad, 2015). Systemet styrs av en termostat samt
en fuktighetsindikator sammankopplat med en dator i Holland. Vattentillforseln
stangs automatiskt av och spolas ur fran ledningarna om temperaturen nar 3 grader
eller ligre. Dirutdver larmar systemet ifall det skulle uppstd nagot funktionellt fel
(Andersson & Karlsson, 2014).
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Bevattningssystemet  for pumphuset Helsingborg (Helsingborg stad, 2013)

Hogevallsbadet, Lund
Lunds kommun finansierade viggen som monterades upp pad Hogevallsbadet i Lund.

Den levande védggen ér designad och uppmonterad av NE Persson och i samarbete
med AB Kjell Hagmann (Andersson & Karlsson, 2014).

Konstruktionen dr sammansatt av ficksystem som &ar gjort pa dtervunna PET-flaskor
(Andersson & Karlsson, 2014). P4 baksidan av dessa fickor dr de dven inklidda med
plast sd att ingen fukt ska liacka igenom (Helsingborgs stad, 2014b). Substratet ar
framtaget av AB Kjell Hagmann och Bara mineral dér odlingssubstratet &r en mix av
coarse, grov pimpsten, och specialblandad jord Hagmann (Andersson & Karlsson,
2014; Helsingborgs stad, 2014b). Olle Hagmaan berittar att kostnaden for projektet
hamnar pa 7000 kr/m” i Seminariet som holls i Helsingborg 2014 (Helsingborgs stad,
2014b).

Hogevallsbadet levande vigg, bild fran september 2015
(Hagmanns, 2015)
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Bevattningssystemet som anvidnds &r ett droppvattenssystem frdn Aquadrip
(Andersson & Karlsson, 2014). Av 960 vixter behdvdes endast 4 bytas ut efter
sammanlagt ett ar berdttar Olle Hagmaan (Hagmanns, 2014).

Varvsstaden, Malmo

I Varvsstaden sattes det upp tvd prototyper av levande véiggar i ett forskningsprojekt
utformat av forskare frin Sveriges Lantbruksuniversitet (SLU), Malmoé Hogskola och
Peab. De tva systemen som testades var ett modulsystem och ett egentillverkat
ficksystem. Modulsystemet dr frén foretaget Zinco och dr en mineralbaserad modul.
Ficksystemet bestér av fickor med en underbevattningsmatta som vidare ar fyllda med
pimpsten och kompost. Fickorna hédftades mot en vattenbestindig plywoodskiva
(Fransson et. al, 2014).

Levande viggarna i Varvsstaden Modulsystemet Varvsstaden (Andersson,
(Andersson, 2014) 2014)

Bevattningssystemet var kontrollerad och den mingd vatten som ldmnar systemet
mits med vippmitare. Déarutdver loggades dven varje system kontinuerligt for att
rekommendationer for framtida bevattning gentemot liknande system skulle kunna
utforas. I experimentet utvirderades 39 véxtarter for anpassning i systemen samt det
svenska klimatet. Generellt genererade modulsystemet mer vixtlighet én fickorna
(Fransson et. al, 2014).

Seved, Malmo

En levande étbar vigg uppfordes i bostadsomradet Seved av odlingsnétverket Seved
tillsammans med Odla i stan 2013 med maélet att vaxtviggen ska vara étbar aret runt
(Andersson & Karlsson, 2014; Biodivercity, 2014). For att detta ska vara mojligt blir
den omplanterad infor vinter- och sommarsédsong med plantor och gronsaker som kan
anpassa sig efter de olika arstiderna (Andersson & Karlsson, 2014). Viggen
innehéller bland annat tomat, smultron, basilika, oregano pa sommaren och gronkal
pa vintern (Odla i Stan, 2014). Den é&tbara vdggen kan innehalla cirka 800 plantor
med en kvadratyta pd 50 kvm. Som hogst dr den 8 meter (Andersson & Karlsson,
2014; Biodivercity, 2014).
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Atbara viiggen i Seved (Odla i Stan, 2014) ~ Modulsystemet Grow Wall (Odla i
Stan, 2014)

Viggen ir ett modulsystem som dr inkopt frdn Mardam Agentur, kallat for Grow wall
och kommer ursprungligen fran Australien (Andersson & Karlsson, 2014). Varje
vaxt/gronsak véxer 1 sin egen pase av filtduk och &r vidare placerad i ett fack i
modulsystemet. Modulsystemet &r sedan uppmonterat mot ett regelverk av larktré, dér
regelverket dr monterat med hjdlp av infastningar mot den existerande platfasaden
mot huset (Odla i Stan, 2014).

Den levande véggen dr uppdelat i fyra sektioner. Dessa sektioner dr var och sig
forsedda med ett automatiserat dropp bevattningssystem som styrs av en dator. Varje
pase i facken forses med vatten via en mini tub som &r kopplad till droppbevattningen
(Odla i Stan, 2014).

Augustenborg,Malmo

Serviceforvaltningen i Malmo stad placerade ar 2010 satte upp ett flertal
konstruktioner av levande véggar pd byggnader i omradet Augustenborg. En av
anldggningarna dr en modulvariant av det danska foretaget Growtek som kallas
GrowTek Intensiv Plantevaeg. Projektet skedde tillsammans med Growtek och Green
Landscaping. Vidare forvaltas véiggen av serviceforvatlningen i Malmé Stad
(Andersson & Karlsson, 2014).

Bevattningssystemet dr kopplat till en dagvattenbrunn for anvéindandet av dagvatten
men dricksvatten tillfors till systemet vid behov. Systemet dr ett dropp
bevattningssystem (Andersson & Karlsson, 2014).

Den enda viéxten som planterades forst var stensdta men samtliga vixter dog under
vintern mellan 2010 och 2011. Viggen planterades om med fyra nya olika arter,
rodskaftad daggkdpa, stensota, funkia  och gulbrokig oshimastarr. Dessa
planterades under varen 2013 (Andersson & Karlsson, 2014).
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Modulanldggning i Augustenborg, direkt efter omplantering vdiren 2013 (Andersson
& Karlsson, 2014)

Underhall

Pumphuset,Helsingborg

Under viéxtsdsong ska den levande viggen besokas en géng per vecka med syftet att
se Over vixter, rensa, putsas samt kontrollering av teknik, niringslésning och
vattentillgdng (Andersson & Karlsson, 2014; Helsingborg stad, 2013; Helsingborg
stad, 2014a). Under vintersdsong besoks viggen en gang per minad (Andersson &
Karlsson, 2014; Helsingborg stad, 2014a). Till varen klipps viggen for att kunna se
vilka vixter som klarat sig eller behover kompletteras och bytas ut (Helsingborg stad,
2013).

Bevattningssystemet dr forsedd med en doserare med flytande néringslosning som
regleras efter sdsong och temperatur (Andersson & Karlsson, 2014; Helsingborg Stad,
2013). Trycket i1 vattenledningarna fordelas mellan tre separata slingor dér
flodesventiler kan styras individuellt. Vattenanldggningen ar kopplad till en operator
pa ett drift-/kontrollcenter (Helsingborg stad, 2013). Data och parametrar som fran
den levande viaggen loggas genom bevattningssystemet men dven genom en loggbok
som finns inne i pumphuset dar anteckningar kan skrivas ner (Andersson & Karlsson,
2014). Varningssignaler skickas till centret ifall bevattningssystemet fallerar s& att
personal kan dtgdrda problemet (Helsingborg stad, 2013).

Driftkostnaden &r berdknad till 30 000 kronor per ar, samt en omplantering av véxter
pa 7500 kronor (Helsingborg stad, 2014a). Ambius AB ansvarar for drift och star
arbetsmassigt for eventuella vixtutbyten i systemet (Andersson & Karlsson, 2014).

Hogevallsbadet,Lund

Den levande vdggen pd Hogevallsbadet besoks var tredje vecka for tillsyn av
bevattningen samt av véxterna (Andersson & Karlsson, 2014). Kontrollering sker
manuellt med fingerkdnning i substratet d& det inte finns nagra sensorer i systemet. En
gidng om d&ret, under sommartid, installeras en skylift for beskdrning av véxterna.
Detta bland annat for estetiskt syn men ocksé for att vissa véxtarter annars riskerar att
ta 6ver (Hagmann, 2014). Tillsynsfrekvensen beror ocksa pa vilket vider och vilken
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arstid som rader (Andersson & Karlsson, 2014). Kjell Hagmann ar upphandlad for
skotsel av den levande viggen (Andersson & Karlsson, 2014; Hagmann, 2014).

Varvstaden,Malmo

Vattentillforseln sker genom ett droppbevattningssystem med ett reglerat vattenflode
samt ett manuellt tillsittande av niringsmedel (Andersson & Karlsson, 2014;
Fransson et. al, 2014). En gang per manad sker tillsidttande av niringsmedel under
sommarsdsong, men under vinter sker inget tillsidttande (Andersson & Karlsson,
2014). Tillforseln &r kontrollerad och bevattningssystemet méater upp mingden vatten
som ldmnar systemet genom en vippmétare. Vattenméingden loggas kontinuerligt
(Fransson et. al, 2014).

Det modulbaserade systemet har en hogre vattenlagringskapacitet dn systemet med
fickor (Fransson et. al, 2014; Martensson, Wuolo & Fransson, 2014). Under forsta
aret skottes bevattningen manuellt men under vintern mellan 2013-2014 testades ett
automatiserat bevattningsschema (Fransson et. al, 2014). En ging i ménaden under
sommarsdsong sker tillsyn av bevattning och under vintersdsong en gédng i minaden.
En tillsyn och utvirdering av véxter sker tre gdnger per ar i april, juni och augusti
(Andersson & Karlsson, 2014).

Driften av de levande viggarna skots framst av SLU men ocksd med hjélp av Peabs
fastighetsskotare (Andersson & Karlsson, 2014).

Seved,Malmo

Bevattningssystemet dr ett automatiserat droppbevattningssystem som skots och
regleras via en dator men ocksd med hjdlp av manuell hantering fran driftpersonal
under sommar (Andersson & Karlsson, 2014). Droppbevattningssystemet installeras
efter varje plantas behov (Odla i Stan, 2014). Tillsynen for bevattningen sker
generellt dagligen under sommaren men under vintern elva génger, samma géller for
tillsyn och skotseln av vixterna (Andersson & Karlsson, 2014). Bevattningen sker
overslagningsvis cirka tre ginger per vecka med max femton minuters bevattning
under sommar. Under vinter sker bevattning ndr temperaturen &r nollgradig och solen
skiner (Odla i1 Stan, 2014). Naringstillforsel laggs i jord vid plantering och vid behov
tillsdtts nésselvatten (Andersson & Karlsson, 2014).

Omplantering av vidggen sker infér sommar- och vintersdsong vilket kriver extra
arbetskraft (Andersson & Karlsson, 2014; Odla i Stan, 2014). Vid omplantering av
véggen till vintern planteras forst véxter pd mark i sina filtpasar och lyfts sedan upp
antingen manuellt till facken eller hissas upp genom vinsch till en person pé stege
som placerar véxten i atskilliga fack. Sommarplantorna tas bort/planteras pd samma
sétt. Vissa sommarplantor sparas och forvaras till nista sdsong. (Odla i Stan, 2014)

Vixter kan bli sjuka eller sluta véxa, dessa byts ut till nya véxter. Nedanfor den
levande viggen vixer ett lager av nya plantor i en trdldda som dven har funktionen att
samla upp Overflodigt vatten. Skorden av den dtbara viggen pagar dagligen efter
behov (Odla i Stan, 2014).

En speciell skotselstege har utvecklats just for denna vdgg som ska vara béde
funktionell och godkind ur arbetssynpunkt (Odla i Stan, 2014).
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Den édtbara viggen skots av Odla i Stan tillsammans med aktiva i Odlingsnétverket
Seved samt de boende i Seved (Andersson & Karlsson, 2014).

Augustenborg,Malmo

Viggen forvaltas av Malmo stads Serviceforvaltning (Andersson & Karlsson, 2014).
Bevattningens system &r ett droppbevattningssystem som vidare dr kopplat till en
dagvattenbrunn. Utdver dagvattnet kompletteras systemet med dricksvatten vid
behov. Naringstillforseln sker i samband med bevattning men justeras efter sédsong.
Tillsyn av bevattningssystemet sker cirka en gang per vecka och kontroll av véxter
sker en gidng per manad men minskas sedan under vinterhalvaret. Under
sommarsdsong bevattnas plantorna i systemet cirka tre gdnger per vecka fran fem till
femton minuters bevattning per gang. Bevattningen stings av under vintertid
(Andersson & Karlsson, 2014).
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Sammanstillning vixtarter
Framstilld av Johanna Andersson och Malin Simu, 2015

VAXTARTER SOM ANPASSAR SIG BRA EFTER DET SVENSKA KLIMATET

ART KALLA

(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M.,
Emilsson, T., Martensson, L-
M., Rosenlund, H., Mansson,

Backnejlika (Dianthus Deltoides) K., Kronvall, J., SLU Alnarp,
CEC-design, PEAB, Malmo
Hogskola, 2013;
Martensson, L-M., Wuolo, A.
& Fransson, A-M., 2014)

(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M. Et
al. 2013 ; Martensson, L-M.
Et al. 2014)

Blatatel (Molinia Caerulea)

(Andersson, J. & Karlsson,

Flockndva (Geranium macrorrhizum) A., 2014)

(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M. Et
al. 2013 ; Martensson, L-M.
Et al. 2014)

Hjartbergenia (Bergenia Cordifolia)

(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M. Et
al. 2013 ; Martensson, L-M.
Et al. 2014)

Kantnepeta (Nepeta Faassenii)

1(3)
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Kattfot (Antennaria dioica)

Rodfibbla (Pilosella Aurantiaca)

Rolleka (Achiella millefolium)

Skuggréna (Pachysandra terminalis)

Stappsalvia (Salvia Nemorosa)

(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M. Et
al. 2013 ; Martensson, L-M.
Et al. 2014)

(Andersson, J. & Karlsson,
A., 2014)

(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M. Et
al. 2013 ; Martensson, L-M.
Et al. 2014)

(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M. Et
al. 2013 ; Martensson, L-M.
Et al. 2014)

(Andersson, J. & Karlsson,
A.,2014)

(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M. Et
al. 2013 ; Martensson, L-M.
Et al. 2014)

2(3)
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(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M. Et
al. 2013 ; Martensson, L-M.
Et al. 2014)

Trift (Armeria maritima)

(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M. Et
al. 2013 ; Martensson, L-M.
Et al. 2014)

Vinteriberis (Iberis Sempervirens)

(Andersson, J. & Karlsson,
A., 2014 ; Fransson, A-M. Et
al. 2013 ; Martensson, L-M.
Et al. 2014)

Varalvaxning (Sesleria Heuffleriana)

3(3)
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Sammanstillning intervjuer

Intervjuer utforda av Johanna Andersson och Malin Simu
Utforda mellan datumen 2015-11-24 och 2016-01-25

Respondenter:

Bell, Daniel: Leverantor. Landskapsdesigner ursprungligen frdn London, bosatt i Sverige.
Har tagit fram ett filtduksystem, inspirerad av Patrick Blanc. Bells forsta offentliga
anldggning i Sverige genomfordes ar 2015 i centrala Goteborg, i samarbete med
fastighetsbolaget Vasakronan.

Bergsten, Malin: Projektledare, fastighetsbolaget Vasakronan i Goteborg. Projektledare for
foretagets forsta levande végg, ett filtdukssystem som installerades ar 2015 pa en fasad av ett
garagehus i centrala Goteborg 1 samarbete med Daniel Bell.

Johansson, Peter: Tekniskt ansvarig pd Ambius, ett serviceforetag inom véxtviggar. Utfor
sasongskontroller pa tre modulanldggningar i centrala Helsingborg. En pa ett pumphus, en pa
en offentlig toalett och en tredje i en passage under tak néra centralstationen.

Koutny Sochman, Veronica: Miljochef, NCC Stockholm. Projektledare i ett
forskningsprojekt tillsammans med White Arkitekter, installerad pd NCC:s kontorsbyggnad i
Stockholm. Projektet startade ar 2014 och &r under intervjutillfdllet under pdgdende arbete.

Kruuse, Annika: Projektledare, miljoforvaltningen Malmo stad. Har sedan 2012 arbetat som
projektledare for projektet Biodivercity, dir tre anldggningar har tagits fram i samarbete med
privata byggherrar och byggforetag i Malmd. Samtliga viggar dr modulsystem dir tvd av
véggarna dr placerade i Varvsstaden och en i Augustenborg.

Nerhagen, Alfred: Landskapsarkitekt, Helsingborg stad. Projektledare for tva av tre
modulanldggningar i centrala Helsingborg, forsta viggen fardigstdlldes ar 2013 pé ett
pumphus.

Philipson, Kristina: Arkitekt, White Arkitekter Stockholm. Projektledare for ett
forskningsprojekt tillsammans med NCC, uppdelad i tvé faser. Fas ett pdgick ar 2012-2014 1
samarbetet med leverantdrsforetaget Butong. Fas tva dr en vidareutveckling av den forsta
anldggningen dir tvd olika typer av modulsystem ska testas och utvérderas.

Hoglund, Lars: Leverantor. Arbetar pa Butong, ett leverantorsforetag av ett modulsystem av
levande viggar gjord av betong. Foretaget startade &r 2006. Samarbetade med White och
NCC i forsta fas av ett forskningsprojekt aren 2012-2014, dér betongmodulerna testades och
utvirderades.

Wastrell, Christina: Produktansvarig pa serviceforetaget Ambius. Har varit involverad 1
uppstarten av projekten i framtagandet av modulanlédggningarna i Helsingborg.
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Sammanfattning av intervju med Daniel Bell, utférd 8 december 2015

Daniel Bell ar utbildad landskapsdesigner, ursprungligen fran London men ar
idag bosatt i Sverige. Forsta gdngen han kom i kontakt med levande vaggar var
kring ar 2008 da en van till honom, som dgde en pub i centrala London, ville gora
nagot spektakuldrt med fasaden och bad Bell om hjalp. Hans van hade sett ett
program pa TV med Patrik Blanc om levande vaggar och ville géra nagot
liknande. Bell tog i sin tur kontakt med Blanc for att lara sig hur systemet ar
uppbyggt for att hitta inspiration till en egen design.

Systemet som Bell anvander sig av, inspirerat av Blancs l6sning, ar ett enkelt
system uppbyggt av en cirka 15 mm tjock skiva, gjord av dtervunnen pressad
plast och pa den spanns ett filttyg pa, gjord av atervunna klader. I filten skars
snitt dar vaxterna placeras, utan jord. Cirka 30 plantor placeras ut per
kvadratmeter. Mellan filtarna sitter ett bevattningssystem i form av en slang som
forser vaxterna med vatten, som sitter med cirka tva meters avstand. Vaxtvaggen
spanns pa en underliggande konstruktion, en ram gjord av exempelvis
aluminium. For att féorhindra fuktproblem lamnas en luftspalt mellan fasaden och
ramen. Systemet ar enkelt i sin design och materialen ar lattillgangliga pa
marknaden.

Bells forsta offentliga projekt i Sverige gjordes i Goteborg ar 2015 i samarbete
med Ramboll och fastighetsbolaget Vasakronan. Tva levande vaggar
installerades pa tva av Vasakronans fastigheter. Ett av projekten var pa ett
parkeringshus, som ligger centralt i ett shoppingdistrikt. Vaxtvaggen som
installerats dar ar cirka 60 kvadratmeter och ses som ett testprojekt. Tanken ar
att hela byggnaden sa smaningom ska klas helt i gronska.

Vaxtvalet ar en viktig parameter i projekten, dar vaxterna véljs utifran klimatet.
Bell har experimenterat med vaxter pad hans privata vaxtvaggar, i hans egna hem
i norra Skane for att skapa sig god kunskap om vilka vaxter som kan trivas i ett
skandinaviskt klimat. "I've been trying this plants in Sweden on my living walls
now for seven years, so longer then anyone else i belive. So i've got a good
knowledge now of what plants that will tolerate the rootfreaze, which is the
biggest problem”, berattar Bell.

Det forsta experimentet han gjorde hemma, var att anvianda vaxter som han
normalt anvdnder sig av i London och som han visste kunde klara sig i en
horisontell plantering i Skane. Vaggen genomgick en riktig kall vinter och det var
manga vaxter som inte klarade sig det aret. Varje ar efter detta testar han nya
vaxter. "Det har varit tva riktigt kalla vintrar med ndstan 20 minusgrader, vilket
har varit en bra utgangspunkt for experimenten for att kunna utvardera vilka
plantor som kan tolerera kylan och vintersolen.”, berattar Bell. Efter att ha testat
mangder av vaxter i ett antal ar anser sig Bell ha goda kunskaper om vilka vaxter
som klarar av ett nordiskt klimat, med langa kalla vintrar.

Tekniska Hogskolan Jénkoping

Levande vaggar: Mojligheter och utmaningar i ett svenskt urbant klimat
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Bell har totalt designat runt 50-60 levande vaggar. Han pointerar att han inte ar
intresserad av massproduktion av sina vaggar, utan att det ar viktigt med
kvalitet och att han pa egen hand far ansvara for utformningen.

Storsta skillnaden mellan projekten i Sverige och hans 6vriga projekt ar vaxtvalet
och bevattning under vinterhalvaret. Under varmare delen av vintern sarskilt i
sodra delarna av Sverige, ndr det ar ndgra plusgrader och vaxterna inte ar frysta
alls ar bevattningen nédvandig. Bell ar kritisk till det mer hégteknologiska
systemen av levande vaggar med datorstyrd bevattning. "You need to be hands
on, you really need to see the plants, to touch them and to understand if they need
water or not.” forklarar Bell.

Bells kundkontakt bygger enbart pa rekommendationer. Han har deltagit i ett
program pa Kunskapskanalen och designat hogprofilsprojekt for att na ut med
sin design. I 6vrigt jobbar han inte med marknadsféring.

Forsta steget for Bell i projektet med Vasakronan var ett mote med
fastighetsbolaget, dar han presenterade sitt system. Ramboll designade sedan
stalkonstruktionen bakom vaxtvaggen samt bestallning av plastskivorna som
ligger mellan stalramen och vaxtvaggen. Bell och hans team ansvarade for design
och installation av sjilva vaxtvaggen. Bell ansvarade for plantval och design av
vaggen och en av hans teamarbetare, vid namn Allister, ansvarade for
installationen av vaxtvaggen. Allister har arbetat med Bell fran start och har atta
ars erfarenhet av levande vaggar. Fran Vasakronans sida var det har ett nytt
amne och Bell kdnde en stor tillit fran foretagets sida, vilket han tror ar viktigt
for att nd ett lyckat projekt.

Kommunikationen med Vasakronan beskriver Bell som okomplicerad, “Very
straight forward”, namner Bell. Han hade tva till tre moten med projektledaren
Malin pa Vasakronan, samt mailkontakt. Bell skickade ett forslagsunderlag med
detaljer om hur konstruktionen ar byggd, en vaxtlista med arter han
rekommenderade for anvandning samt kostnadsforslag. Processen tog runt fem
sex manader, med bygglovsprocessen inrdknad. Sjadlva installationen tog runt 10
dagar. Ett team fran Ramboll satte upp stalkonstruktionen, vilket Bell uppskattar
tog en arbetsvecka. Och nasta steg blev att satta upp vaxtvaggen, vilket ocksa tog
drygt en arbetsvecka att utfora. Installationen av vaxtvaggen kunde ha gatt lite
snabbare, men pa grund leveransforsening av delar till bevattningssystemet blev
arbetet forskjutet med cirka 1,5 dagar. Processen kan se annorlunda ut beroende
pa projekt, ibland ansvarar Bell och hans arbetsteam for hela installationen.

Bell tycker att ett hinder i processen ar att vi i Sverige har en speciell
moteskultur som skiljer sig at fran hans satt att arbeta i London. Han har jobbat i
flera projekt i Sverige och har sett ett aterkommande monster av allt for manga
moten som inte leder nagonstans. ”I think it should be more get out there and be
active. It’s the only way to really find out exactly what works best.”, forklarar Bell.

Underhallet av vaggen jamfor Bell med ett traditionellt tradgardsarbete. En man
vid namn Fredrik fran Vasakronan, ar utsedd driftansvarig och han ansvarar for
bevattningen av viaggen. Overldmning gick till pa sa vis att Bell instruerade p3
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plats hur systemet fungerar och hur vaggen ska skotas och lamnade sedan 6ver
instruktioner via mail. Vid fragor eller problem kan Fredrik alltid ringa Bell eller
Allister om rad. Bell har alltid kontakt med sina klinter efter projektet ar
genomfort. Kontakten efterat ar enligt Bell mycket viktigt for honom som
designer. Han ser sina vaggar som konstverk och vill vara siker pa att dem haller
sig i fint skick. En 6verenskommelse gors mellan parterna och i det har fallet
skrevs ett kontrakt med Vasakronan dar Bell ansvarar for att titta till vaggen
ibland, nasta gdng kommer bli till varen. Bell papekar att underhallet ar valdigt
simpelt. Det som kravs att driftansvarig gar och tittar och kdnner pa vaggen
regelbundet, ndgot Fredrik gor mer eller mindre dagligen da han jobbar i
narheten. Ibland dor vaxter och maste bytas. Naringsamnen tillsatts manuellt en
gang per ar. Fordelen med att tillsdtta ndringsimnen manuellt ar att du slipper
mer teknisk utrustning for vaggen samt att man da arligen kan géra en mer
detaljerad kontroll av varje planta. Vid storre vaxtvaggar tillsatts naringen
vanligen via bevattningssystemet istdllet. Kemikalier tillsatts aldrig. Klippning
sker sd sdllan som mojligt, endast vid behov for att inte tacka 6ver fonster eller
liknande. Bell vill att vaggen ska fa vaxa och frodas pa naturlig vag. Nar det ar en
ung vagg kan det ibland handa att smafaglar rycker undan en planta och bygger
bo i viggen.

Bell ar valdigt nojd med sitt system som det ser ut idag, att det ar sa simpelti sin
design. Utvecklingsmdjligheter som Bell ser som intressant med systemet skulle
vara framtagandet av andra typer av filtlosningar. Han ar mycket n6jd med att ha
hittat en plastskiva i dtervunnet spillmaterial. Tidigare anvandes en mer
traditionell expanderad PVC-skiva, vilket ar en giftig produkt. Att anvanda sig av
atervunnet material ar for Bell viktigt och ett modernt satt att tdnka pa. I 6vrigt
ser Bell garna en utveckling av fler byggnader att fa moéjligheten att bygga
levande vaggar pa.

Systemet vager cirka 25 kg/m? och priset startar pa 3000 kr/m?2. Priset skiljer sig
beroende pa projekt. En sak som kan paverka kostanden ar tillganglighet vid
installation. Livslangden uppskattar Bell till cirka 30 &r men den kan vara hogre.
Inget kommer att ruttna men vaxter kommer att behdva bytas ut med tiden. Han
vet efter att ha studerat Blancs projekt i Paris att konstruktionen fortfarande
haller. En av de framsta fordelarna med systemet ar enligt Bell att man kan
anvanda i princip vilken vaxt som helst, dar enbart klimatet satter
begransningar.

“It’s a fantastic way of garderning and it’s incredible what you can do. It’s amazing
what you can have growing twenty meters up in the air. It is a quite magic effect
and you get such a good feedback from people. They stop and stare and they’re
thinking how on earth is that working. So that’s funny, that it can make people
smile.”, berattar Bell.

Den andra typen av levande vaggar, modulsystem, dr enligt Bell inte en hallbar
16sning. Han vet fran erfarenhet, efter att ha studerat modulsystem i London,
badde kostnaderna och underhallet som kravs. Ett modulsystem behover
exempelvis konstant omplantering, dd vaxterna inte kan dverleva langre dn cirka
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tva ar i modulerna. I vissa modulsystem anvands kompost, vilket Bell pdpekar ar
en korttidsprodukt och ar darfor ingen hallbar 16sning.

Bell dr ndjd med sina leverantorer av plantor idag. Men om man tittar pa det den
svenska marknaden finns det inga bra leverantorer i dagslaget menar Bell. "How
can the system be improved? Good quality and well priced plants homegrown,
that’s one thing. And there is non in Sweden right now, not that competitively
priced. It is just to expenisive today.”, berattar Bell.

Bell papekar att Sverige inte har ett optimalt klimat for vaxterna, det ar ett
valdigt tufft klimat vilket gor det svart for plantorna att vaxa och éverleva.
Viaxterna ar beroende av plantskolor med mycket kunskap om vaxter och ett driv
att utforska. Men da det ar ett jobb med daligt betalt, sker utvecklingen i langsam
takt, enligt Bell.

For att lyckas i Sverige behovs ett storre driv och mindre radsla. Vaxter kan leva
utan jord naturligt i Sverige, sa vi vet att det ar mojligt att ha levande vaggar i
Sverige, menar Bell. "We just need to have more examples, which is that you should
just get it going and not fear and worry about it and not have more planing
meetings about it.”, forklarar Bell. Forsiktighet ar generellt vanligt bland
svenskar menar Bell vilket ocksa bidrar till en ldngsam utveckling.

Framtiden for levande vaggar ar enligt Bell tudelad. Han ser filtlosningen som ett
hallbart koncept men modulsystemldsningar tror han kommer att do ut sa
smaningom. Det ar en dyr l6sning med dyra driftkostnader och det kommer inte
att halla i langden enligt Bell. I think soon what people will start to understand is
that they are paying silly money to have this walls maintained. So i think it will
slow down a little bit and then die out. The manufactured box system wont last
forever.”, avslutar Bell.
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Sammanfattning av intervju med Malin Bergsten fran Vasakronan i
Goteborg, utford 30 november 2015

Malin Bergsten arbetar som projektledare pa fastighetsbolaget Vasakronan i
Goteborg. Hosten 2015 fardigstalldes foretagets forsta levande vagg, ett
testprojekt pa 60 kvadratmeter installerat pa en fasad till ett parkeringshus i ett
shoppingdistrikt i centrala Goteborg, som Bergsten var projektledare for.
Initiativet kom fran Vasakronan centralt med malet att skapa en mer levande
stadskdrna. Foretaget finns i fler stader i Sverige och har ett 6vergripande mal
att jobba med tata hallbara stader, dar samtliga regioner hittat olika lI6sningar.
Vasakronan har gjort utredningar pa Goteborgs innerstad, dar resultaten bland
annat visade brist pa gronytor. En visionsbild har sedan arbetats fram hur
foretagets fastigheter i omradet ska se ut i framtiden. Malet ar att ppna upp
fastigheterna for alla, att 6ka trivseln och skapa fler métesplatser for stadsborna
och i detta foddes idén om att satta upp en levande vagg. [ samma veva
installerades en till levande vagg i centrala Goteborg pa ytterligare en fasighet
agd av Vasakronan, men dar hyresgasten istdllet hade huvudansvaret for
processen.

Syftet med projektet ar att jobba med urbana ekosystemtjanster och att skapa
fler gronytor genom att utnyttja mellanrummen i staden. “Men frdmst dr det for
att visa att man kan géra det, att vi som stora fastighetsdgare gdr lite i framkant
och visar att det faktiskt gdr att genomféra.” forklarar Bergsten.

Arbetsteamet for projektet bestod utav Bergsten som projektledare, en
konstruktor, en arkitekt vid namn Erik Giudice, en byggentreprendr och en
designer, vid namn Daniel Bell. Bergsten tog i tidigt skede kontakt med Bell som
ar landskapsdesigner och som har arbetat med levande vaggar tidigare. Bergsten
och Bell hade ett ndgra moten tillsammans om hur vaggen skulle designas. Bell
kom med idéer och inspiration och visade upp tidigare referensobjekt. Bell har
lang erfarenhet av levande vaggar men detta projekt var hans forsta i Sverige.

Bergsten kom i kontakt med Bell i och med ett annat projekt hon var delaktig i
som lopte parallellt i samarbete med Rambdll. Tanken var forst att installera en
betydligt storre levande vagg i det projektet men det sags som en for riskfylld
investering. Eftersom tekniken inte ar sd etablerad i Sverige an, togs beslutet att
installera testvaggen pa parkeringshuset forst for att kunna utvardera systemet
med fragor kring teknik, utseende, underhall och forvaltning. Utvarderingen
pagar parallellt med en detaljplan for omradet och testviaggen fungerar som ett
delprojekt i den 6vergripande planen. Vasakronan har som vision att
parkeringshuset i framtiden kommer att vara helt kladd i gronska.

Ndasta steg i processen blev att soka bygglov. Da hade Bergsten kontakt med
konstruktoren, som berdaknade laster och tog fram handlingar. Konstruktionen ar
designad for att klara lasterna som ar berdaknade till 25 kg/m?, en uppgift
hdamtad fran Bell. | samma skede skedde forhandling med Bell om tid, kostnad
och ansvarsférdelning. Vasakronan ansvarade for den bakomliggande
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konstruktionen och Bell ansvarade for vaxtvaggen. Nar bygglovet blev beviljat
startade bygget. Forsta steget blev att installera konstruktionen bakom vaggen, i
form av en stadlstdllning som vaxtvaggen fasts pa. Byggentreprendren ansvarade
for uppsattningen av konstruktionen. Darefter ansvarade Bell for installationen
av vaxtvaggen. Han ansvarade aven for vaxtvalet och designen av viaggen. Vaggen
bestar totalt av 2000 plantor och 17 olika arter anpassat for nordiskt klimat.
Innan installation av vaxtvaggen stamde Bergsten av med arkitekten, som
arbetar med detaljplanen och stadsutvecklingen for den stadsdelen, sa att
designen av vaggen gick ihop med resten av planen. Vasakronan ansvarade for
bestéllning av material till den bakomliggande konstruktionen och Bell
ansvarade for bestdllning av material till vaxtvaggen.

Systemet ar uppbyggt av en ca 15 mm tjock plastskiva, gjord av atervunnen
pressad plast. Materialet kommer fran det engelska foretaget Ecosheet.
Materialet ar fukttaligt och kan inte mogla. Pa plastskivan spdnns en filt p3, ett
absorberande material gjord av dtervunna kldder. Filten satts i tva lager och
knipsas fasts med haftklammer i aluminium. Nar filten ar uppspand skars 5-10
cm langa snitt och i snitten placeras sedan vaxterna. Innan vaxterna placeras i
vaggen tas sa mycket som mojligt av jorden bort, i princip sa mycket sa att
vaxterna enbart har sina rotter kvar. Nar vaxten ar placerad i snittet fast den
med tva haftklamrar, sa sitter den pa plats. Vaxterna placeras i monster enligt
designern. Nar vaxterna val sitter pa plats rotar de sig fast i vaggen, dar viaxterna
kopplas ihop med varandras rotter och skapar pa sa sitt ett stabilt system.
Mellan filtarna sitter ett bevattningssystem som forser vixterna med vatten.
Bevattningssystemet ar i form av en slang som sitter med ca 2 meters avstand
och reglaget ar placerat hogst upp i systemet dar vattenanslutningen sitter.

Bergsten hade ingen tidigare kunskap om vaxtvaggar innan, hon hade hort talas
om levande vaggar tidigare men hade inte arbetat med nagot liknande projekt
innan. Ramarna for hur projektet skulle genomforas skapade Bergsten pa egen
hand i kommunikation med Bell och arkitekten. Bygglovet satte ocksa ramar for
projektet.

Ett hinder var att fa bygglovet godkant av stadsbyggnadskontoret som sag
projektet som riskfyllt. Kompletteringar behévdes goras och en kontrollansvarig
kontrollerade sa att samtliga krav var uppfyllda. Ett andra hinder var att
installera vaggen mitt i centrum, med tranga ytor och mycket folk i rorelse.
Ytterligare ett hinder var leveransproblem fran England, vilket forskot
tidsplaneringen och gjorde det stressigt i slutet men vaggen blev trots allt klar pa
utsatt datum.

Viktiga steg enligt Bergsten i planeringsprocessen dr att studera fasaden innan
for att se till att den klarar av belastningen samt att skapa en fuktsaker
konstruktion. Forvaltningen pa Vasakronan sag vaxtvaggen som en
riskkonstruktion med tanke pa fukten och darfor var det enligt Bergsten viktigt
att bevisa med hjalp av konstruktéren att projektet var sakert och méijligt att
genomfora. For att undvika fukt pa fasaden installerades en luftspalt mellan
fasad och vaxtvagg. Byggnaden i sig, som parkeringshus, har redan lufthal i
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fasaden vilket ocksd minskar risken for fukt. "Det dr dven viktigt att se till att
hitta bra lésningar for vattenavrinning och avvattning men konstruktionen dr det
allra viktigaste”, menar Bergsten.

Forvaltningen pa Vasakronan har idag huvudansvaret for driften. I dagslaget
finns ingen drift och underhallsplan. Projektet lamnades over till en teknisk
forvaltare och en drifttekniker. Vid 6verlamningen kommunicerades hur vaggen
skulle underhallas i kontakt med Bell. Ett ettarskontrakt har dven skrivits med
Bell, dar han ansvarar for att titta till vaggen vid tillfalle och exempelvis byta ut
vaxter vid behov.

Driftteknikern har ansvar for att kolla till vaggen kontinuerligt och Bergsten har
ibland kontakt med honom hur det gar. Hon har bett honom att halla koll pa hur
mycket han ar dar, for att senare kunna gora en uppféljning. Om det visar sig att
han maste lagga mycket tid pa vaggen, ses det inte langre som ett hallbart
projekt. Ingen kontrollerad tidrapportering gors. Malet ar att viggen ska ha ett
mycket litet skotselbehov.

Arlig driftkostnad &r inget som 4r beriknat pa. Det som kostar 4r bevattning och
skotsel. Bevattningen uppskattar Bergsten uppgar till ndgra hundralappar per ar.
Efter ett ar kommer ett nytt skotselavtal att skrivas och vem som ska ha
skotselansvaret da ar fortfarande under diskussion. Ett mojligt alternativ kan bli
skriva ett nytt avtal med Bell att han vid behov kommer och fixar iordning det
som behdvs fixas och att Vasakronan far betala utifran insatsens storlek.

Framsta skotselbehovet ar bevattning. Vattenreglaget styrs av férvaltningen och
regleras efter arstid efter instruktioner fran Bell. Drifttekniker kollar till vaggen
en gang i veckan och kontrollerar da fuktmangden. Det allra viktigaste ar att
vaggen inte far torka ut, for da dor vaxterna. Under sommartid vattnas vaggen 4
ganger/dag under 10 minuter och det styrs med hjalp av en klocka och ett
reglage i systemet. Vid minusgrader far inte viaggen bevattnas for da fryser
vaxterna och dor. Under vinterhalvaret, ungefar mellan november och februari,
stangs bevattningssystemet helt av och vaxterna gar i ide. Naringsdmnen tillsatts
genom bevattningssystemet ibland. Klippbehovet for viaggen ar 1agt och sker
endast vid behov. Meningen ar att skotselbehovet ska vara sa litet som mojligt.
Vaxterna ska annars leva vilt, dar det vaxer och frodas pa egen hand och estetisk
skapar struktur och 3D effekt.

[ dagslaget har inga reparationer eller tillimpningar behovt goras av viaggen. Det
enda som intraffat ar att en av vaxterna har vissnat under hosten. Bergsten har
varit i kontakt med Bell angaende detta och enligt honom ar det en vaxt som
tenderar att vissna tidigt pa aret och den behdover inte bytas ut. Vaggen ar
levande och har sina perioder och skiftar i utseende. Bell har forklarat att om det
ar ndgon vaxt som inte trivs kommer man att kunna se det under forsta aret,
enligt Bergsten. Berdknad livslangd for den bakomliggande konstruktionen
ligger pa 20-30 ar, berdknad livsldngd for sjalva vaxtvaggen ar oklar. Priset for
vaggen ligger pa 2500 kr/mz2.
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Fordelarna med systemet ser Bergsten ar att vaxterna kan leva nara likt sitt
naturliga levnadssatt med den typen av material och att vixterna lever i symbios
med varandra. Det ar viktigt att vaxterna trivs for att mojliggora ett hallbart
system. Att bade plasten och textilen ar av dtervunnet material tycker Bergsten
ocksa ar ett plus.

Bergsten ser projektet som effektivt, da installationstiden ar relativt kort. Det tog
tva veckor att fa upp stommen och ytterligare fyra dagar att fa resten pa plats, sa
runt tre veckor totalt. Det som tog tid var istdllet att fa bygglovet beviljat. Fran
idé till genomforande tog projektet cirka 6 manader. Bergsten tror att den tiden
skulle kunna forkortas vid ett nista projekt, med mer erfarenhet om processen.

Bergsten ser ingen storre skillnad pa detta projekt jamfort med ett mer vanligt
byggprojekt, “Sjdlva processen med upphandling och projektering, dem bitarna
gors pd samma sdtt bara det att hdr bygger man en fasad ddr man inte har sd
mycket kunskap om den och dd vixterna i det hdr fallet. ” forklarar Bergsten.
Darfor har det varit viktigt att ta specialisthjalp av Bell som vaxtkunnig.
Framgangsfaktorerna for projektet ar enligt Bergsten att vaga genomfora
projektet och att vaga ta hjalp for att na dit. Vasakronan ser garna att fler
fastighetsagare skulle vaga driva detta och vill darféor kommunicera ut detta till
andra, sarskilt till andra stora fastighetsdgare som har resurser och pengar for
det. Att ha installerat vaggen har varit ett satt att nd ut. Ett annat satt att
kommunicera ut om vaggen har varit att skriva om projektet pa deras hemsida.
Responsen har varit stor, framférallt av hyresgéisterna i omradet. Aven konsulter
och entreprendrer har visat intresse for projektet. Allmanheten har ocksa visat
sitt intresse och manga stannar och tar kort pa viaggen nar det gar forbi.

Det finns idag ingen uppfoljningsplan men Bergsten tycker att de borde goras en
battre plan pa hur projektet ska foljas upp. Det Vasakronan har valt att lagga
fokus pa ar mer kdnslomassiga varden. Att titta pa vaggen, hur den ser ut och vad
man tycker att den bidrar med till staden. Bergsten tycker att gronskan kan
hjalpa till att hoja det estetiska vardet pa en byggnad.

Bergsten dr mycket néjd med systemet dem har idag. Hon ar medveten om att
det finns fler aktorer pa marknaden gillande vaxtvaggar och for ett ndsta projekt
tycker hon det vore intressant att prova en ytterligare aktor och se hur andra
system fungerar. Bergsten tror pa att I6sningen de har idag ar den basta som
finns pa marknaden idag for den har typen av fastighet. Andra vaxtlosningar
kanske passar battre for andra typer av fastigheter, varje vagg har olika
forutsattningar och valet maste anpassas utefter det, menar Bergsten.

Nar det kommer till utvecklingsméijligheter tanker Bergsten att det framst har
med designen att gora. Det finns en mangd olika mdéjligheter att utforma rent
estetiskt. “Det som sdtter begrdnsningar dr klimatet, att vixterna mdste trivas i
nordiskt klimat. Ndr det kommer till sjdlva systemet, dr det redan sd enkelt i sin
design och behover ingen vidare utveckling” enligt Bergsten.
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Som vidare experiment diskuteras att sattas en fagelholk i vaggen, for att se om
smafaglar skulle vilja bosatta sig dar. Ett ytterligare steg vore att experimentera
med nya vaxter och belysning for estetiken, men fokus idag ligger pa att se hur
vaxterna som anvands idag trivs.

Idag saknas grona oaser mitt i staden, utan man maste ofta dka en bit for att
komma till gronomraden menar Bergsten. Med hjalp av levande vaggar kan man
plantera ut grona delar dar man tycker att det ar for mycket hardgjord yta. Man
maste vaga utnyttja viggarna for detta och inte enbart satta gronskan
horisontellt pa marken. Det kan samtidigt forhoja en befintlig fasad utseende.
Bergsten vet inte varfor det ar en avsaknad av levande vaggar i Sverige idag, men
tycker sjalv att det ar mycket vi dr sena med i Sverige i jamforelse med resten av
Europa. Hon spekulerar i om det eventuellt kan bero pa att vi har i Sverige ar for
bekvam i gamla invanda monster och att vi garna ska ha det som det tidigare har
varit. Och dven att det finns en tvekan om att detta system inte funkar i vart
klimat. "Vixterna behovs ju ocksd for att mdnniskorna ska ma bttre, det dr en
helhet, en hel symbios. Och om vi ska kunna mdjliggéra fortdtning i stdder sd maste
vi hitta l6sningar som skapar gréna ytor. Vi kan inte bara skapa ytor med syftet att
tjdna pengar. Man madste ta ett helhetsansvar. ”, siger Bergsten. Hon tror att
utvecklingen kommer att ga framat i Sverige, att det handlar om att ndgon ska
vaga satsa for att fler ska vaga ta det steget. Bergsten ser ljust pa framtiden for
levande vaggar och Vasakronan planerar pa att fortsatta med grona vaggar
projekt.
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Sammanfattning av intervju med Lars Hoglund fran Butong

Utford 1 december 2015

"Malet med vart system var att halla skotselbehovet sa lagt som mojligt”, berattar
Hoglund. Den storsta forutsattningen som styrde och avgjorde projekteringen
var just skotseln. Butong borjade som ett examensarbete som utvecklades till en
fardig produkt pa marknaden.

"Grundidén ar att systemet ska kunna sattas upp och se snyggt dven ifall det inte
finns nagon vaxtlighet”, berattar Hoglund. Betongstrukturen ar tilltalande bara i
sig sjalvt och darmed tillater det att vaxterna kan folja det skandinaviska
klimatet genom att vissna under hdst och sedan blomma under var utan att de
estetiska faktorerna paverkas sarskilt mycket. Butong satte upp en vaxtvagg
2015 i oktober men fick inga klagomal pa utseendet fran allmanheten.

"De flesta vaxter vi anvander till systemet ar vintergrona till cirka 60-70 % och
resterande vaxterna blommar och vissnar pa ett vackert sitt efter sdsonger”,
berattar Hoglund.

Systemet har en blandning av fréer, 16kar och mer uppvuxna plantor. Vaggen
kommer aldrig vara helt tom pa vaxter papekar Lars Hoglund. Med Butongs
system ville man inte efterlikna den mer traditionella levande vaggen da Lars
Hoglund finner att den ar ohallbar.

"Den typ av system genererar underhallskostnader som skjuter upp i hojden”,
berattar Hoglund. Cirka halften av all yta av systemet ar tackt med vaxter under
vintern med arter sdsom stensota och smultron. De flesta vaxter ar vintergrona
men vaggen tillats dven vissna lite vilket skapar en dynamisk och verklig levande
utveckling som gar efter arstidsvaxlingarna.

"Det ar viktigt att det kdnns som att systemet inte behover vara heltackande av
vaxter for att det ska se snyggt ut”, berattar Hoglund.

"Utvecklingen i framtiden av systemet ar att jobba mer med l6sningar som ar
helt utan bevattningssystem da det finns en stor efterfragan pa marknaden efter
just sddana”, berattar Hoglund. Just nu haller Butong pa att ta fram en prototyp
av levande vigg med mossa och naturlig bevattning.

”"Brister i dagens system som vi anvadnder ar att det kan vara lite for tungt och
svarare att hantera vid montering eftersom systemet dr betongbaserat.”, berattar
Lars Hoglund. Systemet fasts mot en befintlig fasad genom ett bakomliggande
ramverk som skapar en luftspalt mellan systemet och den befintliga fasaden.
”"Storsta fordelen med vart system ar att ytan ser bra ut och att det racker med en
liten del av ytan ar tackt av vaxter. Det ar lattskott och det gar att stoppa in fron
och plantor allteftersom. Brukaren far nojet att uppleva en dynamisk tillvaxt”,
berattar Lars Hoglund.

Butong skoter sjdlva de flesta viaggarna de har satt upp. Skotseln handlar om att
fa bort oonskade vaxter och detta utfor man med en inspektion en gang per
manad. Butong inkluderar skotseln forsta aret sen far kunden helt fatta eget
beslut om de vill att Butong ska fortsatta skota eller om de sjdlva eller ett annat
bolag ska ta 6ver. Det finns ingen skotselbeskrivning upprattat utan det blir lite
olika fran projekt till projekt.
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Butong ser att det finns fordelar med att ha skétseln berattar Lars Hoglund. Dels
finns det en stor efterfragan efter ndgon som skoter vaggen och det genererar en
ganska bra affar for foretaget. Om de sjalva skoter vaggen kan de dven paverka
vaggens utseende och se till att den ser bast méjligast ut och spegla foretagets
image. I och med skotseln far foretaget ofta nya kontakter som dven kan leda till
nya projekt med levande viggar.

Ibland kan systemet upplevas vara lite torrare for plantorna i vissa delar an
andra vilket ar ett problem men Butong anser att de har lamnat utvecklingsfasen
for produkten for cirka tva ar sedan.

"Marknaden ar nog fortfarande den som ar i utvecklingsfasen och haller pa att
mogna med konceptet levande vaggar”, berattar Lars Hoglund.

Systemen de har idag fungerar bra men varje projekt ar unikt och behdver en ny
sorts kreativ 16sning i olika aspekter. Exempelvis har Butong ett nuvarande
projekt dar kunden inte vill ha ndgon vattenpump utan bara anvanda sig av
dagvatten for att bevattna vidxterna i systemet. Generellt brukar systemet ligga
pa en kostnad mellan 5000 kronor per kvadratmeter.

Butongs roll med i projektet med White arkitekter och NCC var ett rent
forskningsprojekt dar de skulle testa sig fram och utveckla ett system.

Vi tog fram prototyper, skotte och dokumenterade vaggarna”, berattar Lars
Hoglund. Meningen var inte att det skulle se ultimat ut utan de ville testa olika
sorters.

Numera brukar det fa kontakt fran kunder genom forfragan fran arkitekt dar de
etablerar ritningar och forslag darefter. I borjan av tillvaxtfasen for projektet ar
motena mer intensiva med kunderna. Generellt brukar kunderna inte ha sa
mycket kunskap just sjdlva om de levande vaggarna.

"De brukar dven ha en viss forsiktighet till levande vaggar men sddana har nya
grona koncept tar ofta tid att utvecklas pa marknaden”, berattar Lars Hoglund.

[ framtiden tror Lars Hoglund dock att idén med levande vaggar kommer
explodera.

"Staderna blir bara tatare och tatare och marken kommer behéva anvandas for
kommunikationen, darmed blir det naturligt att vaxtligheten hamnar pa de
vertikala ytorna”, berattar Lars Hoglund. Hoglund menar att det ligger ett riktigt
varde i vaxtvaggarna och att det kommer bli ett mer sjalvklare val i framtiden vid
tomma vaggytor. Pa ndgra ar har flera vaxtvaggar satts upp och Lars Hoglund
tror det kommer 6ka, det beh6vs bara mer lyckade exempel som genererar fler
byggherrar. Om nagra ar tror Lars Hoglund att det finns mycket vinst att hdmta
hos de levande vaggarna och att de kommer bli ekonomiskt hallbart.
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Sammanfattning av intervju med Veronica Koutny Sochman fran NCC,
Stockholm

Utférd den 27 november 2015

Initiativet till utvecklandet av en systemldsning for levande vag startades
tillsammans med White arkitekter och Butong redan innan Koutny Sochman
borjat jobba pd NCC. Idag ar de i fas tva av projektet med levande vagg dar
inblandade ar White arkitekter och NCC dar Koutny Sochman varit med fran
borjan.

[ den forsta fasen kom idén fran byggandet av ett nytt kontorshus. Pa platsen
fanns redan ganska mycket vaxtlighet och fina ekar. Vid det nya bygget skulle
vissa utav dessa trad behovas ta bort och darfor ville de pa nagot satt
kompensera. Det var dar idén med en levande vagg kom in. Detta
byggnadsprojekt skulle dock inte byggas forrdn langre fram sd de hade lang tid
pa sig att experimentera med Idsningar till en levande vaggen.

"I den forsta fasen ville vi utvardera ifall en levande vagg ar mojlig i det svenska
klimatet. I fas tva ville vi skapa en vagg som var sa underhallsfri som mojligt. Vi
anser att det inte finns ndgon sadan underhallsfri 16sning idag pa den svenska
marknaden”, berattar Veronica Koutny Sochman.

De befintliga vaggarna runtom i Europa och varlden kandes inte riktigt heller
som ett alternativ for det skandinaviska klimatet da framforallt
underhallsaspekten men ocksa det estetiska intrycket inte ansags tillrackligt
genomtankt eller utvecklat.

"Nar vaggen vissnar sa kanske det inte ar sa estetiskt tilltalande att se filten eller
substratet bakom”, berattar Veronica Koutny Sochman. Darfor valde de
inblandade att skapa en ny prototyp av viagg som skulle vara sa underhallsfri
som mojligt.

"White var initiativtagande med Kristina i spetsen och NCC samarbetade
tillsammans med White och kontaktade aven féretaget Butong som
underleverantor”, berattar Veronica Koutny Sochman.

Den forsta prototypen med levande vagg sattes upp pa bade NCC:s kontor och
Whites. De ville inte anvdanda den direkt i ndgot byggnadsprojekt utan att faktiskt
testa och utvardera den. Det var manga faktorer som var for osdkra, sdsom det
estetiska utseendet och losningens paverkan pa bakomliggande fasad.
"Utvecklingsprojekt nummer tva av levande vagg designades av White sjdlva
istallet for Butong”, berattar Veronica Koutny Sochman.

Prototypen bestar av moduler som ar vita platkassetter. Projektet innehaller tre
olika l6sningar som skulle testas, utvarderas och sedan utvecklas.

"Systemet dr en second- skin 16sning dar tanken ar att vaggen ska sitta pd en
befintlig fasad. Den levande vaggen ska sta for det estetiska tilltalandet av
fasaden”, berdttar Veronica Koutny Sochman.

Systemet ar nytt och skapas utifran arbetsgruppens olika kompetenser. Tanken
ar utforska ifall ndgon 16sning kan anvandas till NCC:s nya huvudkontor i Solna
som ska byggas.

NCC stdr for finansiering av material samt garant for betalning av SP:s tid medan
White sjalva finansierar den tid de lagger ned.
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Koutny Sochman har hallit samman och pushat gruppen framat.

"White star for design, utformning och blir dven leverantor av de nya
l6sningarna”, berattar Veronica Koutny Sochman. White stod aven for vaxtvalet
till vaggen.

Byggavdelningen pa NCC:s kontaktade sedan en platslagare som kunde skapa
den nya prototypen som White utformat.

Projektteamet bestar av cirka tre kollegor fran NCC med en expert fran
byggavdelningen som kunde hantera konstruktionsaspekter. Fran White var en
arkitekt och en landskapsarkitekt med i teamet. Research om levande vaggar
kom mest fran Whites sida.

"Det ar viktigt att man tar ansvar innan man bdrja anvanda sig av den levande
vaggen. Man maste ha svar pa fragor som vilka negativa och positiva effekter
som uppstar”, berattar Veronica Koutny Sochman.

SP, Sveriges tekniska forskningsinstitut, har anlitats for att utvardera och ta fram
varden fran vaggarna. SP har monterat en matare bakom vaggen som mater
fukthalten och forskar pa l6sningen.

"Estetiska aspekten ar ocksa valdigt viktig. Det maste se fint ut och systemet har
inte varit uppe tillrackligt lange for att vi ska kunna utvardera alla aspekter”
berattar Veronica Koutny Sochman.

Som det ser ut idag med l6sningarna ar det tinkbart att kanske inte kla in ett helt
hus med 16sningen men anvanda vaggarna for vissa detaljer pa projekt.
Processen for projekteringen var ingen standardiserad sadan utan den foddes
med tiden.

"Projektet med de levande vaggarna gar inte jamfora med ett vanligt
byggprojekt”, berattar Veronica Koutny Sochman.

Viktiga steg for projektering var vem som ska finansiera och vilka begransningar
de gav samt dven tillstand till att faktiskt beprova vaggen nagonstans vilket
slutligen blev mot NCC:s fasad. Pengarna spelade stor roll fér projektet och
Veronica tycker det har gatt enligt planerna.

"White tittar till viggarna en gang per manad och vi har en anstdlld pa NCC som
fotar en gang i veckan och foljer vaggens utveckling”, berattar Veronica Koutny
Sochman.

Veronica tror att en liten underhallsplan har upprattats med ambitionen att
vaggarna inte ska behdva konstbevattnas i 6verhuvudtaget efter frona etablerat
sig i systemet.

De har dven som ambition att inte behdva trimma vaggarna. Vaxterna som
anvands ar inhemska och lokala. Vinteraspekten maste dven se bra ut men ska
folja det svenska klimatet.

Vi vill att vaggen ska se bra ut dven under vintertid men att den samtidigt ska
folja det skandinaviska klimatet med blomning under var och sommar for att
sedan vila under vinter”, berattar Veronica Koutny Sochman. I slutdndan ska det
vara vart att installera en levande vagg. Livslangden pa systemet ar inte
utvarderad an och oklar.

"De levande vaggarna i framtiden behover utvecklas till att inte krava sa mycket
underhall som gor att de i slutdndan kanske paverkar miljon mer negativt an
positivt”, berattar Veronica Koutny Sochman. Veronica tror ocksa att den grona
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l6sningen kommer vara mer utbredd i framtiden men i vilken utstrackning ar
oklar.

"Det kravs dannu mer kunskap och forskning for att vi ska bli sdkra pa det har
omradet”, berdttar Veronica Koutny Sochman.
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Bilaga 4
Sammanfattning av intervju med Annika Kruuse fran Malmo Stad

Utférd den 24 november 2015

Kruuse har de sedan 2012 jobbat som projektledare for projektet som kallas for
Biodivercity. I projektet har de har byggt en hel del grona vaggar och grona tak
bland annat i samarbete med privata byggherrar och byggande foretag i Malmé
Stad. Annika Kruuse jobbar pa miljoférvaltningen och de bygger inte sjalva.

Vi forsoker istdllet paverka andra som bygger och forsoker fa dem att ga ett steg
langre i miljotankandet” berattar Annika Kruuse.

Kruuse har ett brinnande intresse fran borjan for miljon.

Initiativet till projektet med Biodivercity kom nar Vinnova, det statliga verket for
innovationer, 6ppnade upp for finansiering med typen av projekt med grona
l6sningar. Annika forfragade da ett antal byggherrar som var igdng och som
snart skulle borja bygga i Malmo. Hon fragade daven intressenter inom Malmo
stad om nagon ville vara med i projektet. De sitter ungefar trettio personer pa
miljoforvaltningen som soker pengar for diverse projekt.

Malet och syftet med projektet som kallas Biodivercity ar att ta fram och bygga
innovativa grona losningar for att 6ka den biologiska mangfalden i staden.

Vi ville hitta nya grona losningar som kan appliceras i den tdta grona staden och
som ska gynna den biologiska mangfalden och pa kopet ska man fa andra
ekosystems tjanster”, berattar Kruuse.

Meningen var sedan att foretagen som varit delaktiga i projektet sedan kan
kommersiellera den har typen av grona losningar. Pa lang sikt skulle de har
grona losningarna leda till fler jobb och eventuella exporter for Sverige.
Vinnovas projekt ar uppdelade i tre olika delar. Forst ett forprojekt dar Kruuse
gjorde forfragningar till eventuella samarbetspartners och sokte till Vinnova och
fick pengarna.

"Det tog cirka ett halvar innan vi var pa banan med projektet”, berattar Kruuse.

Kruuse letade efter samarbetspartners som var bland annat privata och
offentliga byggherrar, anstédllda pd Malmo stadskontor eller i Malmo stads
serviceforvaltning.

"Det var viktigt att kunna matcha med kunskap av olika sorter. Darfor tog vi dven
kontakt med Sveriges lantbruks universitet och med andra féretag som var
duktiga pa att gora grona losningar och forskat pa dessa tidigare”, berattar
Kruuse.

Annika Kruuse sammansatte projektgrupper fran dessa samarbetspartners dar
varje grupp fick koncentrera sig pa ett sorts omrade och losningar sdsom
levande vaggar eller grona tak.

"De var manga aspekter som skulle diskuteras i projektgruppen. Bland annat val
av vaxtarter, skotsel, installation, och risker med ett visst system”, berattar
Kruuse.

Annika var projektledare 6ver grupperna. Hon var dven sjalv medverkande i tva
grupper, dock ingen som arbetade med levande vaggar.
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"Sammanlagt bestod projektgruppen med levande viggar av tva personer fran
SLU, tre till fyra byggherrar, och forskare fran IVL och dven ndgon konsult som
har specialkunskap om levande vaggar”, berattar Kruuse.

Annika sag sin roll som att pusha pa och se till att projekten blev sd miljovanliga
som mojligt och att grupperna verkligen uppnadde det utsatta projektmalet.
Annika har tidigare varit involverade med liknande projekt bland annat i
samarbete med Green Tools for Urban Climate Adaption dar den forsta levande
vaggen kom till i Augustenborg.

Ramarna till projektet var inte forutbestamda.

"Projektet priglades dels vad bestéllaren kunde tanka sig for levande vagg och
vilken budget som begransade projektet. Det 4r mdnga olika krav som spelar in
pa hur projektet ska fogas ihop och processen formades med tiden. Det var ju
meningen med hela projektet fran borjan att ta fram nya losningar”, berattar
Annika Kruuse.

Kruuse papekar att viktiga steg i planering var att kunna satta upp ett tydligt mal
med tillhérande beskrivning.

"Det ar viktigt att faststélla varfor vi vill ha den levande vaggen och vad vi vill att
den ska leverera”, berattar Annika Kruuse.

Det dr aven viktigt att faststdlla vad som ar viktigast med projektet.

”Ar det estetiken eller den biologiska mangfalden vi vill férbattra?”, berittar
Kruuse.

Om de inte hade faststallt malet fran borjan med projektet hade det varit svart
att nd det sluttdnkta resultatet. Ett annat viktig steg Kruuse namner ar att valja
system. I manga fall vill Kruuse pasta att klattervaxter oftare ar en battre och
enklare l6sning an levande vaggar.

Vi valde system med omsorg och ville anvianda ndgot som var beprovat”,
berattar Annika Kruuse.

Den forsta vaggen pa Augustenborg har dott tva eller tre ganger. SLU tror att
det har ndgot att gora med substratet som orsakar plantorna att fa en kortare
livslangd.

Kruuse trycker pa hur viktigt det ar fran borjan att ta fram en gemensam malbild.
"Malsattning ska vara tydlig och vara med i nédsta steg i 6verlamnandet”, berattar
Kruuse.

Annika Kruuse papekar att upphandlingarna inte varit ndgot problem men att
kommunikationen mellan inblandade har varit bristande.

"Kommunikation ar verkligen en akilleshal. Det ar sa viktigt att
kommunikationen fungerar mellan de inblandade nar det inte finns fasta rutiner
och sagda ramar for sddana har projekt”, berattar Kruuse.

Ett satt att framja kommunikationen ar att ta fram gemensamma malbilder sa att
leverantor exempelvis kan kommunicera med en skotselentreprenoér och att
denne forstar hur vaggen ska se ut pa sikt”, berattar Kruuse.

"Det maste vara uppenbart vad teamet siktar efter med ett projekt”, berattar
Kruuse.

SLU var inblandade i bada vaggarna, varvstaden och Augustenborg da de ville
testa olika arter samt olika system och bedriva forskning samtidigt som
projektet utfoérs. Forskningen som bedrivs ar bland annat om fuktpaverkan pa
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fasad och den levande vaggens paverkan pa energistandarden som har visat sig
vara minimal. De har dven kommit fram till att det inte uppstar fuktskador.

"De inblandade fran SLU hade bra kunskap sen innan sa de bidrog med mycket
kompetens till projektteamet”, berattar Kruuse.

Annika Kruuse berattar att det inte fanns mycket inspiration till levande vaggar
att hamta fran Sverige, de utforde dock en studieresa till Nederldnderna dar viss
inspiration hamtats.

"Planeringsprocessen liknar inte andra byggnadsprojekt da vart projekt var ett
utvecklingsprojekt av levande vagg. Vi har lagt ned manga timmar med
projekten, det finns ingen katalog av levande vaggar som vi kunde vilja
tillskillnad fran vanliga fasader”, berattar Annika Kruuse.

Kruuse papekar ocksa att det fanns vissa risker med projekten da levande vaggar
var sa lite beprovat i Sverige men hon kan inte peka ut ndgra brister i
planeringen.

Framgangsfaktorerna for projekten med levande vaggarna ar att de ar valdigt
fina att titta pa menar Kruuse.

"De skapar en vacker och trivsam milj6”, berattar Annica Kruuse.

Vidare ar aven duktiga forskare som lyckas identifiera vaxtarter som fungerar i
det svenska klimatet en viktig framgangsfaktor.

"Det har blivit manga fina projekt och vi har gjort manga snygga l6sningar som
har visat att det gar anvanda tranga ytor till att generera mer gronska i staden”,
berattar Kruuse.

Systemen som anvadndes till projekten var dels modulvagg och en fickvagg. SLU
byggde sjdlva systemet med fickorna. Modulsystemet kom fran Tyskland och
vaggen vid Augustenborg, torget kommer fran Bara Mineraler.

"Vi ville jdmfora systemen mot varandra men bada har klarat sig bra”, berattar
Kruuse. Kruuse konstaterar att de levande vaggarna har en extrem kanslighet
nar det galler vatten och att det behdovs ett larmsystem for att varna personal om
systemet gar sonder.

[ december 2015 har Biodivercity gatt vidare i det tredje projektsteget.

"Tredje projektsteget innebar att utviardera och sedan sammanfatta de grona
l6sningarna i en handbok for att sedan sprida vidare. En partner kommer dven ta
fram en digital utbildning for olika typer av grona anlaggningar”, berattar Annika
Kruuse.

Malgruppen for denna handbok ar till privata och offentliga byggherrar,
kommuner, arkitekter, leverantorer, installatorer och skotselentreprendrer.

”Vi kan kan redan nu ana att de flesta projekt blivit lyckade men vi vill utvardera
bland annat ekonomin, den tekniska prestandan och biologiska mangfalden
vidare. Forst da kan vi géra en beddomning om lésningarna ar daliga eller bra”,
berattar Kruuse.

Malet med handboken och utvarderingen ar dven att det ska bli lattare for
Malmo att jobba med fler grona lésningar och att det ska generera vinst for
ekonomin och det lokala naringslivet. Utvarderingen och framtagandet av
handboken paboérjas i januari 2016.
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"Ett antal foretag ska jobba med att kommersiellera l6sningar och jobba fram en
katalog som ska gora det mycket enklare for en bestéllare att vilja nar da
bestéllaren kan se en bild, ett pris och en beskrivning av system”, berattar
Kruuse.

Driften av den levande vaggen i varvsstaden skots av bland annat Peab
tillsammans med SLU. I Augustenborg har det kommunala bostadsbolaget MKB
anstallt en person for skotsel. Annika vet inte om nagon underhallsplan har
upprattats.

Annika berattar att det finns en kultur i Malmo dar aktorer vagar prova nya
grona losningar och att miljoarbetet kdnns viktigt.

"Det har varit en lang och intressant process for arbetandet mot en battre miljo
som redan borjade for femton ar sedan”, berattar Kruuse.

[ borjan fick de kdmpa for miljon inom stadsutvecklingen men idag har det blivit
en mer sjalvklar fraga. Kruuse anser att samhallsklimatet forandrades efter Al
Gores film En obekvdm sanning och installningen till miljofragor blev
annorlunda.

"Foretag och den offentliga sektorn borjade jobba mot mer hallbarare 16sningar
som inte har sa stor negativ miljopaverkan och ett utvecklingsarbete har pagatt
sedan dess”, berattar Annika Kruuse.

"Det kdndes som en beldning nar vi startade Biodivercity och att det var sa
manga som var intresserade av att utveckla nya grona losningar, det hade inte
hant tio ar tidigare”, berattar Kruuse.

Dock har andra fragor inom stadsutvecklingen tagit 6ver mer sdsom sociala
fragor, segregation och skolor.

"Det har slappts lite pa miljon for att det har varit hogt prioriterat lange och
tyvarr kan inte involverade halla tva bollar i luften samtidigt”, berattar Kruuse.

Annika Kruuse papekar att det skulle finnas mer stod i lagen for grona l6sningar.
”Andringen i plan- och bygglagen som skedde i arsskiftet till 2015 minskade
kommunens mojligheter att stalla krav pa byggherrar att bygga med grona
l6sningar. Det underlattade inte till ett hallbarare samhalle, berattar Kruuse.
Byggbranschen tyckte att om bostadsbyggandet skulle 6ka sa behovdes det
mindre krav fran kommunen som saktar ner och forhindrar bygget.

"Men detta ar inte sant for pd manga orter runtom Malmo finns det hur manga
fardiga planer som helst som byggbranschen har avvaktat med att bygga tills
dom kan fa ut basta mojliga basta vinst”, berattar Kruuse.

Det blir en konflikt mellan att skynda pa processen och behalla kvalitén hos
byggnader.

"Vi maste kunna bygga mer bostader utan att slappa pa de langsiktiga
miljokraven”, berattar Kruuse.

Hon papekar dven att det ar lattare att infora grona losningar i och med
nybyggnationer an i den befintliga staden.
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"95 % av projekten med grona l6sningar handlar om nybyggnation. De ar lattare
att investera i grona losningar i nybyggnation for da ska anda byggnaden
utformas”, berattar Kruuse.

Men det behovs mer projektering for den befintliga staden ocksa menar Kruuse.
Kruuse tror att den befintliga staden inte har samma ekonomiska forutsattningar
eller initiativ som vid i nyexploatering.

"Vi hoppas att vara projekt fungerar lite som tester och att de forhoppningsvis
ska kunna generera billigare och battre grona losningar i framtiden sa att lattare
kan appliceras i den befintliga staden”, berattar Kruuse.

Att gora stdderna gronare ar bokstavligen pa tapeten.

"Projekt som ritas upp idag innehaller nastan alltid ndgon typ av gron losning”,
berattar Annika Kruuse.

Hon menar att nar fler 16sningar har testats sa kommer det bli lattare for andra
att bygga.

"En kunskapshdjning behdvs om att det grona ar inte bara for pynt utan det
uppfyller mdna viktiga funktioner sdsom alla ekosystemtjanster”, berattar
Kruuse.

Nar allmanheten borjar fa upp 6gonen och vinsterna med grona losningar sa
tror Kruuse att berérda kommer vara mycket mer bendgna att investera i grona
l6sningar. Kunskap ar en nyckel for att kunna fa grona vaggar pa banan pa allvar.
"Det kravs allmant nya innovativa grona losningar till marknaden och framfoérallt
till den urbana stadskarnan. Dels for att 6ka den biologiska mangfalden och
tillgdngligheten i stadderna och for att gad mot ett miljovanligare samhalle. Grona
vaggar och grona tak ar exempel pa sddana losningar”, berdttar Annika Kruuse.
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Sammanfattning av intervju med Alfred Nerhagen fran Stadsbyggnads-
kontoret i Helsingborg, utford 26 november 2015

Alfred Nerhagen ar landskapsarkitekt pa stadsbyggnadskontoret i Helsingborg
och har varit projektledare for tva av de tre levande vaggar som finns centralt i
staden.

Pumphuset pd Sundstorget var den forsta levande vaggen som sattes upp i
Helsingborg och som fardigstalldes i augusti 2013. Initiativet kom fran politiskt
hall runt ar 2012 innan valtider da viljan om att driva nya projekt var stor. “Infér
ett val vill politiker alltid géra ett stort avtryck och dret innan ett val dr det
extremt mycket att géra, tva dr innan ocksd. Det 6kar lavinartat for alla
tjdinstemdn pd alla fronter.”, berattar Nerhagen. "Politikerna i det hdr fallet var
vdldigt modiga att vdga gora det. Tekniken som sddan var inte sdrskilt beprovad i
Sverige. Man hade testat det i vissa sammanhang men det var inte sdrskilt
utvdrderat eller sd och de férsé6k man hade gjort hade oftast inte funkat.
Klimatmadssigt sd fanns det i Danmark inga vdggar alls, vad vi kunde hitta. [ Norge
fanns det tva viggar och i 6vrigt fanns det ndgot i Schweiz men det dr ett annat
sorts klimat, i Osterrike samma sak. | Kanada och USA hittade vi, men det var svdrt
att fa tag information om det. Sa det var jdttesvdrt att hitta information.”
fortsatter Nerhagen.

Efter en resa till London, dar ett femtiotal politiker och tjansteman fran
kommunen studerade grona tak och grona vaggar, blev det en valdig kraft i
fragan om att testa installera en gron vagg centralt i Helsingborg. Det fanns ett
valdigt driv och strax innan jul ar 2012 sattes en projektgrupp till dar Alfred
Nerhagen blev utsedd som projektledare med malet att fa klart vaggen i slutet av
maj 2013, innan valet ndstkommande host. Nerhagen beskriver det som ett svart
projekt att ta sig an. "Det gdr inte att ta en kurs i gréna vdggar i Sverige. Det gdr
inte att ldsa ndgon svensk litteratur pd omrddet och det dr vildigt svdrt att fd tag
pd ndgot utldndskt, nu borjar det komma men det var vdldigt svart da att fa tag pd
ndgon som berdttar om olika system och har utvdrderat vilket system som
fungerar och hur det fungerar i ett sdhdr kallt klimat och sd vidare, det fanns
ingenting i princip.”, berattar Nerhagen.

Ett ytterligare studiebesok gjordes till London, med nagra tjansteman inom
kommunen, dar de tittade narmare pa vilka foretag och olika typer av vaggar
som fanns pa marknaden. Studiegruppen fastnade for en typ av modulsystem
som inte innehaller jord utan bara konstbevattning, eller hydroponik som det
ocksa kallas, och valde att satsa pa det. Ett lite dyrare system jamfort med andra
men det ansags passa bast for projektet samt att systemet visat bra resultat i
London. Tillverkare valdes i ett senare skede.

Projektgruppen bestod av tva projektledare, Nerhagen som landskapsarkitekt
och en projektledare inom ekonomi och bygg. Ovriga inblandade var en
stadstradgardsmastare och folk fran driftsorganisationen. Driftorganisationen
ansvarade for bestdllning av underhallsentreprendr.
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“Inledningsvis ndr fragan kom upp, vad kostar en vdgg, vad kostar det att
underhdlla vdggen, det hade vi ingen aning om. Det fanns inga siffror pad det, det
var vildigt svdrt att uppskatta sa vi fick en rdtt sd rejdl tilltagen budget for sjdlva
projektet.”, berattar Nerhagen. Farhdgor fanns for vad driften skulle kosta, men
utfallet blev en mycket billigare och enklare drift an vad de hade raknat med. Om
driften hade blivit dyrare hade det kanske skapat oro i leden, menar Nerhagen.

Projektteamet kontaktade projekt i Norge och England for att fa mer kunskap om
systemet. Projekten i England vara svara att dversatta till svenskt klimat.
Projektet i Norge hade gjorts bara aret innan men dar hade cirka femtio procent
av vaxterna dott forsta vintern. "Den vintern var det en sddan riktig vargavinter
och det har ju inte haft sen dess, vi har haft tvd milda vintrar hdr i Helsingborg sd
hittills har vi ju klarat oss men man kan tdnka sig om det blir riktigt kallt att risken
dr stor att mdnga av vixterna dér.”, forklarar Nerhagen.

Vaggen valdes att placeras centralt for vacka uppmarksamhet och lagt for att folk
skulle kunna komma at och rora vaxterna. Nar byggnad valts, ett pumphus i
betong, analyserades placeringen av projektteamet. Byggnaden ligger i norrlage,
nara havet och med mycket bldst. Att den ligger i markniva okar dven risken for
skadegorelse. Projektet sdgs darfor som ett hogriskprojekt, men kommunen
valde att satsa anda och trodde pa projektteamet, trots att de inte hade nagon
tidigare kunskap om levande vaggar. Som ett férsta projekt och med en central
placering kande projektteamet en stor press att fa vaggen att 6verleva, berattar
Nerhagen.

En mycket viktig del i planeringsprocessen ar kommunikationen. "Det dr viktigt
att det finns en tydlig ldnk mellan de som bygger viggen och de som skéter viggen.
Lvdrt fall dr det driftféretaget Ambius som bdde har stdtt som huvudman for
byggandet och som idag skoter vdggen. Sd det ligger i deras intresse att den ser bra
ut for att de ska kunna bygga fler vdggar och skdta dem. Och det dr ett vdldigt bra
koncept i det hdr fallet for att det dr sa riskfyllt, funkar inte pumpen eller ndgot
annat sd dér viggen fort och det mdste vara ndgon som tar ansvar for det och inte
skyller pd ndgon annan.”, forklarar Nerhagen.

Efter att teknik och vaxtval var bestamt skrevs ett forfragningsunderlag som
skickades ut for upphandling. Trots att mdnga tittade pa det var det inget foretag
som ldmnade anbud. Nerhagen tror att det kan dels ha berott pa att anbudstiden
var Kort pad grund pressad projekttid men ocksa for att dem stallde krav pa att
anvanda en viss teknik. Men da de inte fick in ndgra svar fick processen goras
om, dar de istdllet riktade in sig pa tre stycken foretag direkt som arbetade med
modulsystem. Av dessa tre var de tvd som lamnade anbud, diar Ambius var det
foretag som var billigast och valet foll darfor pa dem. Projekttiden flyttades i och
med detta fram till augusti istdllet fér maj.

Gronska bidrar med manga positiva effekter till stadsmiljon men ur ett
helhetsperspektiv dr systemet det anvander sig av inte en hadllbar miljélosning,
enligt Nerhagen. "Den storsta nackdelen med en grén vdgg, dtminstone de som jag
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har sett hittills, dr att det helt enkelt ger ett for stort fotavtryck. Pd ett sdtt dr det
mot naturen att odla pd hojden, dd du mdste ha ett pumpsystem for att fa det att
funka. Kan du gora en grén vdgg som slipper pumpsystem, precis som ett gront tak,
sa skulle du tjdna fantastiskt mycket pd det. ”, sager Nerhagen. Ingen utvardering
har gjorts av ett miljomassigt fotavtryck for projektet men det finns manga
aspekter att pdpeka. Det dr en mekanisk 16sning som ar beroende av fungerande
teknik, el och skotsel. Tillverkning och transport av vaggen kraver mycket energi.
Det finns forvisso olika system som har olika pris men jamfért med plantering av
trad eller horisontell gronska pa tak kvaver systemet mycket fler resurser, enligt
Nerhagen. "Och vad gor du ndr du blir trétt pd systemet och vill byta ut det, kan du
dtervinna dem hdr produkterna eller mdste du bara slinga dem? Sddana saker
tycker jag ocksd dr viktigt, det hdr fotavtryckstinket.”, forklarar Nerhagen.

Men vad den ddaremot en levande vagg kan bidra med ar att mjuka upp staden.
Nerhagen ser det som bra ldsning for att integrera gronska i stadsmiljo dar
hardgjord yta dominerar. Placeringen pa Sundstorget valdes bland annat for att
omradet ar Kritiserat for att ha for lite gronska. Ett parkeringshus ligger under
torget vilket inte mojliggor att exempelvis plantering av trad dar och da var en
levande vagg ett bra alternativt for att 6ka gronska i omradet. Vaggen skapar
aven en haftig effekt och jamfort med en horisontell plantering syns vaxterna
tydligare och monster kan framtrdada, menar Nerhagen.

Ambius som ansvarar for underhallet av de tre vaggarna i Helsingborg ar ett
driftforetag i Sverige med teknik fran Holland, bestdende av tva
underleverantorer dar ena ansvar for tekniksystemet och den andra for
vaxterna. Pumphuset i Helsingborg var Ambius forsta levande vagg utomhus. |
borjan var fortaget inte sakra pa hur mycket de skulle ldgga pa underhallet utan
det har dem lart sig med tiden men de har dven fatt indikationer fran deras
hollandska underleverantor hur mycket skotsel som kan kravas. Eftersom
vaggen ar placerad centralt och i 6gonhéjd for beskddaren, dr kraven harda kring
hur mycket ogras eller doda plantor det far finnas. Nerhagen beréattar att vaggen
har haft mer ogras an vantat.

Underhallet skiljer sig med arstid. Under sommar och var kontrolleras vaggen
var fjortonde dag och under vinterhalvaret sker kontroller cirka en gang i
manaden. Klippning sker en gang per ar. Eftersom vaxterna vaxer olika maste
varje enskild vaxt underhallas olika, ndgot driftansvariga har lart sig med tiden.
Vid kontrollerna rensas vaggen pa ogras och fula blad, fuktmangden i jorden
kontrolleras, tekniken ses dver sa allt fungerar som det ska och eventuella
plantbyten gors. I vaggen finns sensorer som kdanner av temperatur och fukt for
att kunna ha koll pa vaggen dygnet runt. Sensorerna ar viktiga for att halla
systemet vid liv och de kdnner av nar bevattning behovs eller om nagot gar
sonder och det ar direktkopplad till ett larmsystem. Vid systemproblem skickas
larm till Ambius och till underleverantéren i Holland. Féretaget i Holland loggar
och overvakar samtliga vaggar de har byggt. Det gor det mojligt att fa ut statiskt
over skoteselbehovet, tillexempel hur mycket vatten som har gatt at eller hur
temperaturen har differerat, siffror som Nerhagen har anvant sig av vid sina
presentationer om vaggen.
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Men det finns brister med sensorerna. En brist ar att sensorerna endast kan
kdnna av lokalt hur vaggen mar. Vattnet distribueras inte ut helt jamnt 6ver
vaggen, vilket gor att vaxterna kan ma olika bra. Han berattar om att han en dag
passerade en av de grona vdggarna, den senast byggda som ligger placerad
under tak i Knutpunktenhuset, och upptickte att den var valdigt vissen och torr.
Da visade sig att indikatorn var ur funktion och pumpen hade slutat fungera.
“"Man mdrker hur extremt viktigt det dr att den typen av grejer fungerar dven om
de dr ute och kontrollerar var fjortonde dag, men pd fjorton dagar sd hinner en
vdxtvdgg i princip do om inte den far vatten. Sdrskilt om det dr varmt ute, nu var
det som tur var hést.”, forklarar Nerhagen. Placeringen av denna vagg ar nagot
Nerhagen har varit kritisk kring fran borjan, dels for att den ar helt under tak sa
den far inget solljus utan endast konstbelysning samt att just den passagen ar
valdigt blasig med vindar fran havet som kan branna och torka ut vaxterna.

Hinder under projektets gang var bade kunskapsbristen och den korta
projekttiden. En annan svarighet var brist i kommunikationen med
underleverantdrerna fran Holland. Kommunikationen bestod till storsta del av
mailkontakt vilket fordrojde informationshantering och beslut. Da projekttiden
var pressad blev detta ett stort problem, en rakare dialog som inte gar 6ver
landsgranserna hade 6nskats fran Nerhagen sida. Ett aterkommande problem
som inte var forutsett fran projektstart var stromavbrott i pumphuset. Under ett
ars tid skedde fyra stromavbrott. Systemet har da larmat direkt att
pumpsystemet var ur funktion.

En framgangsfaktor har varit att ha ett driftféretag som varnar bade om
byggnationen och underhallet. Sensorerna med larmsystem ar ocksa en viktig
del for att halla vaggen levande. En annan framgangsfaktor har varit att forodla
vaxterna i 8-10 veckor i vaxthus innan installation for att gora vaxterna starkare.
Ju senare man installerar vaxterna pa aret ju viktigare ar det att vaxterna har fatt
tid att vaxa till sig inomhus, menar Nerhagen.

Att gora ratt vaxtval har stor betydelse, vilket ar nagot som Nerhagen och hans
projektteam har masta experimentera fram, hur vaxter passar ihop och hur det
trivs i ett skandinaviskt klimat. Nerhagen tog fram en lista pa vaxter som de
trodde pa och stimde av med det med underleverantoren fran Holland.
Utgangspunkten var att viaxterna ska klara det skandinaviska klimatet. "Det som
dr vdsentligt, sdrskilt i det Idge vi har, dr hur mycket vind och kyla vixterna klarar
och dven hur gron den kommer att vara pd vintern. Mdlsdttningen var att
overvdgande delen skulle vara av vintergrona vdxter. Hur vdxterna fungerar ihop
dr ocksa viktigt, for viljer du vixter med olika typer av ndringsbehov sG kommer
dem inte att funka ihop fér att det dr vdldigt svdrt att fixa en vigg som skickar ut
olika ndring till olika vixter. Det dr ett pusslande det ddr, men sd dr det i alla
sammanhang ndr man gér en rabatt.”, berattar Nerhagen.

Pumphuset ar klatt i totalt 3000 plantor och 21 olika arter, dar varje modul
innehaller trettio vaxter. Forsta aret var det endast en vaxtsort behdvde bytas ut
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under forsta dret pa grund av mjoldagg. Under ar tvd markte man att det var
vissa av vaxterna som inte hade varit sa bra forsta aret som hade blivit mycket
battre. Och vaxter som trivdes forsta aret, visade simre resultat andra aret. S&
etablering av vaxterna har ocksa betydelse. Totalt sett har vaxtbortfallet legat pa
5-6 %, en siffra som ar betydligt lagre dn vad projektgruppen forutspadde fran
bérjan. Aven skadegorelse av viggen har varit betydligt ligre dn vintat. Det har
hant att folk har tagit plantor, men i mindre omfattning i jamfoérelse med
traditionella rabatter i omradet, enligt Nerhagen.

Eftersom vader och klimat kan skifta fran ar till ar ar det svart att saga hur
vaggen kommer att klara sig i framtiden. Till exempel sd har det tva vintrar som
pumphuset funnits har varit ratt milda, men det ar svart att sdga hur vaggen
skulle klara en riktigt kall vinter. Ett annat framtida problem som kan uppsta ar
kalkbildning i bevattningsroren. Det ar inget som har hant dnnu, men
16sningsforslag till detta haller pa att utredas.

En viktig aspekt for att klara den skandinaviska vintern ar bevattningssystemet.
de tre projekten i Helsingborg har ett automatiskt bevattningssystem som blaser
ut vattnet ur systemet vid ldga temperaturer, fran fyra grader och nedat. Annars
finns det risk for insprangning. Tillféring av naring skiljer sig ocksa vid arstider.
Vid host minskas naringen da vaxterna ska forberedas for vila, for att likna det
naturliga vaxtlivet. En annan viktigt vinteraspekt som man bor tanka pa ar att
solens stralar kan vara valdigt starka och branna bladen om det ar vintergrona
vaxter och sarskilt dd om man har vaggen mot oster och soder.

Installationen gick mycket snabbare an vantat. Hollandska
underentreprendrerna hade ansvar for installationen av vaggen och Ambius var
narvarande for att lara sig. Rostfria reglar sattes upp pa den runda
betongfasaden och pa dessa spandes sedan tygkasetterna pa. Installationen tog
sammanlagt tre dagar, men hade kunnat ga mycket fortare enligt Nerhagen.
Dagarna bjod pa sporegn vilket fordrojde processen och eftersom kommunen
ville att installationen skulle ske samtidigt som pressvisningen stressade man
darfor inte med uppsattningen av vaggen. Idag tror Nerhagen att Ambius skoter
installationen sjalva.

En sak som ligger lite utanfor tekniken och processen ar var acceptans av vissna
vaxter eller att det finns hal i en plantering. Nerhagen menar att det ar en viktig
del for framtida utveckling, att lata vaggen fa leva naturligt och &ndras med
arstiden. Att gora grona vaggar som standigt ska vara grona aret om ar inte
hallbart i langden. "Dd sdtter man den standarden och férvintar inte sig inte en
vdgg som vissnar pd vintern och blir grén pd sommaren. Man hamnar i fdllan ddr
vdggen blir en hogskétselvdgg och som da far ett stérre fotavtryck dn en vigg som
faktiskt foljer drstiden”, fortsatter Nerhagen.

Nerhagen ser fraimsta anledningen att installera grona vaggar i stadsmiljo idag ar
for att uppmarksamma andra att man jobbar med grona l6sningar. "Men att géra
vdggar i stor skala med dagens teknik tror jag inte dr hdllbart idag. Dels mdste vi
komma ner i pris men ocksd att systemet mdste ge ett mindre fotavtryck.”, menar
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Nerhagen. Han tror att utvecklingen av levande vaggar kommer ga framat och att
i framtiden kommer utnyttjandet av regnvattnet vara en teknik som minskar
behovet av konstbevattning. Flyttbara vaggar ar en annan idé han tror har stor
potential i framtiden.

Helsingborg har nu tre vaggar installerade i centrum och processen har enligt
Nerhagen blivit lattare med tiden med mer kunskap och erfarenhet.
Pumphusprojektet generade i en informationsfolder som ar tankt som
inspiration fér andra som ar intresserad av att installera en levande vagg. Ett
seminarium anordnades ett ar efter uppsattning dar kunskapen om projektet
sammanfattades, dar cirka 130 personer som byggt eller utvarderat grona
vaggar tidigare deltog. Det ar ett tva satt att na ut och sprida kunskap och
erfarenhet vidare, men Nerhagen tror att det som behovs ar att gora
informationen mer lattillganglig i form av en hemsida dit intresserade kan vianda
sig for information och inspiration.
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Sammanfattning av intervju med Kristina Philipson fran White, Stockholm

Utférd den 27 november

Kristina Philipson var initiativtagande till framtagandet av en levande vagg i
samarbete med NCC och Butong som startade 2012. Projektet med de levande
vaggarna borjade med att en kontorsbyggnad skulle utformas av White i centrala
Stockholm.

"Laget talade for att det skulle vara toppen med en stor levande fasad”, berattar
Philipson.

White insag snart att det inte fanns nagot system av levande vagg som uppnadde
deras kriterier.

"De vertikala tradgardar som finns idag i dels Danmark och Sverige ar valdigt
underhallskriavande och lite mer som vertikala rabatter”, berattar Kristina
Philipson. Dessa vaggar kanske fungerar i liten skala men White skulle designa
en vagg som var 100 x 25 meter vagg. White vill att den tankta levande viaggen
ska vara mer som ett stycke vertikal natur som skotte sig sjalv och forstiarkte de
lokala ekosystemtjansterna.

"I naturen finns bade levande och vilande vaxter naturligt. P4 en dng kan vi se
bade levande och doda vaxter vilket vi ville tillimpa med var vagg”, berattar
Philipson.

White har en intern forskningsavdelning dar det gar att soka pengar for att driva
utvecklingsprojekt vid sidan om det vanliga arbetet. Philipson valde att ga vidare
med idén av levande vagg och sokte pengar. Sammanlagt har tva faser av levande
vaggar gjorts, varav den andra fasen pagar idag och ar under utredning.
"Projektet ar ur ett experimentellt syfte med det langsiktiga malet att ta fram en
fardig produkt som bade ar billig i inkdp och drift med ideala vaxter”, berattar
Kristina Philipson.

Vertikala levande vaggar idag kraver mycket underhall och malet med projektet
blev att ta fram en losning som kraver sa lite underhall som mojligt. Vidare ska
modulerna vara jamférbara med en vanlig fasadskiva i enkelhet och prisklass.
"Vi upplever inte att en levande vagg bara kan besta av vaxtmaterial da Sverige
har en lang vinter och vaxter kommer vissna. Darfor ville vi designa ett system
med rastermaterial som later vixterna viaxa igenom”, berattar Kristina Philipson.

Forsta projektet pagick i 2,5 ar innan vaggarna plockades ner och en ny l6sning
borjade skissas pa som var en vidareutveckling av féorsta modellen.

"I vart forsta projekt ville vi i princip bevisa att en levande vagg med vaxter i
Sverige overlever”, berattar Philipson.

Modulprototyperna for forsta projektet bestod av betong och togs fram i
samarbete med foretaget Butong. Resultatet av det forsta projektet var att
vaxterna vaxte for bra och att vaggen blev valdigt vild.

"Nar vaxterna vaxte sa mycket och sedan gick i vilolage 6ver vintern blev ytan
med dott material lite for stort for 6gat”, berdttar Philipson.

Slutsatsen av forsta systemet var att levande vaggar absolut fungerade i det
svenska klimatet och att det viaxte en aning for mycket. White valde darfor att
utforma en vagg dar vaxterna hade lite jobbigare forutsiattningar an tidigare.
Detta skulle de gora med ett grundare substrat och inte vattna pa lika mycket
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som de gjort vid forsta projektet. De ville dven testa med ett annat material och
annan variant i format.

[ andra projektet har sammanlagt tre olika modeller i lackerade platkassetter
tagits fram dar White sjilva har statt for designen. En av modellerna bestar av
veckad plat, dar idén om att fanga upp regnvatten finns. Varje modul motsvarar
en vaningshojd pa 4 meter och med en bredd pa 1,2 meter och dr anpassat att
passa till den framtida kontorsbyggnaden dar idén om att utnyttja denna modul
finns. Vikten ligger pa 60 kg/m3 och varje modul vager cirka 300 kg.
Modultyperna ar sammanlagt tre stycken i fas tva. Tva ar av platrastade
kassetter och det tredje ar ett system med blomlada och klattervaxter som mer
liknar gron fasad dn levande vagg papekar Philipsson. Samtliga system ar
forsedda med en droppslang hogst upp. Bevattningen ar tankt att anvéandas
endast vid dagar med hoga temperaturer och avsaknad av regn. Substratdjupet
minskades fran 10 cm utifrdn det forsta projektet till 5 cm. Ett forbattringsarbete
kommer att goras med modulstorlekarna. Tanken ar att nar denna produkt blir
med etablerad pa marknaden kommer enheterna att vara mindre for att lattare
kunna hanteras vid montering och underhall. Modulerna ska enkelt kunna
plockas ner for ominstallation eller reparation. Malet ar att systemet ska vara i
princip skotselfritt dar systemet istdllet utnyttjar regnvatten. Livslangd for
systemet ar inte berdknad men Philipson tanker sig att det ar platen som
kommer slappa eller rosta och ge med sig forst.

"For vaxternas del ar mer tid bara en positiv sak”, berattar Philipson.

Att avgora priset for systemet ar for tidigt an menar Philipson.

"Priset beror valdigt pa hur stor yta som ska projekteras och materialet Vaxter
och froer ar billiga. Men tanken ar att vart system med levande vagg ska vara
precis lika jamforbart prisméssigt som en vanlig fasadlosning”, berattar Kristina
Philipson.

Den forsta vaggen var utrustad med ett bevattningssystem langst upp, som
kontinuerligt forsedde vaxtligheten med vatten och naringsdmnen. Ett problem
som uppstod var att naringsdmnet spreds ojamnt i vaggen, dar de 6versta
vaxterna lyckades ta at sig mer naringsdmnen an vaxterna langre ner vilket
gjorde ledde till att vixterna vaxte ojamnt.

Philipsons roll i projektet som byggnadsarkitekt har varit att tillsammans med
landskapsarkitekten Erik Kiltorp att jobba fram moduldesignen. Aspekter som
studerades var hur konstruktionen skulle fungera, vilka vaxter som skulle
anvandas och vilken substratblandning. De tva tillsammans med tre stycken fran
NCC har utgjort projektgruppen for projektet. Experthjilp har blivit inkallad vid
behov, som till exempel byggare och platslagare som dels har varit duktiga pa
detaljritningar och materialval och radgjort vid projektet.

"Projektgruppen har inte haft nagra direkt tydliga roller”, berattar Philipson.

En skiss av modulerna skickades sedan till NCC som ansvarade for att bestalla
kassetterna via deras byggavdelning som hade kontakt med en platslagare.
Under projektets gang har projektgruppen traffats omkring 5 ganger. Under
dessa moten har malsattning och finansiering varit i fokus.
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"Det finns manga bitar att diskutera kring projektet dn bara designen som
kanske utgor 2 % av projekteringen”, berattar Philipson.

Det tog cirka ett ar innan projektet tog fart.

"Bada foretagen satsar interna medel pa det har projektet och det galler att fa
ratt manniskor att tro pa sin idé”, berattar Philipson.

"Designprocessen var valdigt kort och intensiv”, berattar Kristina Philipson.
De borjade med en idé om levande vaggar till kontorshuset och fortsatte sedan
att diskutera mojligheten till en levande viagg med den utsedde arkitekten for
projektet. Matten fran modulerna hamtades fran kontorsbyggnaden sa att den
levande vaggen skulle stdimma in i deras fasadsystem.

Ingen i projektgruppen satt pa sd mycket kunskap innan. Philipson har tidigare
jobbat med utvecklandet av innovativa grona lésningar for staden och levande
vaggar inomhus men aldrig utomhus. Vad som fick Philipson att vdga satsa var
envisheten.

"Forsta steget var ren frustration. Vi visste vilken produkt vi ville ha men
tvingades inse att den inte fanns pa den nuvarande marknaden”, berattar
Philipson.

Hon ville visa att det ar mojligt att genomfora ett projekt med vertikal gronska i
utomhusmiljo.

En omvarldsbevakning gjordes for att hitta inspiration till deras projekt, nagot
som White gor standigt. Forutom att s6ka inspiration utomlands sa deltog
Kiltorp i seminariet om levande vaggar i Helsingborg. Och trots att det inte hittat
nagon direkt 16sning som uppfyllde deras mal och krav sa var researcharbetet till
hjalp anda. Filtfickor var ett alternativ som valdes bort snabbt, pa grund av att
det enligt Philipson icke var estetiskt tilltalande pa grund av sjalva filten.

"Jag har jobbat med filtfickor tidigare inomhus men ar tveksam till hur det skulle
se ut utomhus under Sveriges vinter da mycket av det grona forsvinner”, berattar
Philipson.

Till andra projektet hade tydligare ramar byggts upp. Det var faststallt att
projektgruppen ville anvdnda sig av ndgon konkret matmetod till variant tva av
levande vagg. SP, Sveriges tekniska forskningsinstitut, har kopplats in for att
utvardera hur den fukten paverkar fasaden med matinstrument som mater
temperatur och relativ fuktighet mellan fasad och modul. SP utvarderar dven
energieffektiviseringen av systemet.

Forsta viktiga steget i processen ar att satta ett tydligt mal.

"Finns det inget tydligt mal ar det svart att be om pengar”, berattar Kristina
Philipson.

Nar ett tydligt mal har formulerats ar ndsta steg finansiering. Vilket ekonomiskt
stod som erhalls satter ramarna for hur projektet kan utvecklas. Ett bra
projektteam ar en tredje viktigt punkt enligt Philipson. Att ha eldsjdlar i teamet
ar viktigt for att fa projektet att ga framat.
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"Det behovs folk, eldsjilar, som verkligen tycker det ar kul och brinner for
projektet. Det maste finnas ett personligt engagemang for att fragan ska kunna
drivas framat”, berattar Philipson.

[ jAmforelse med ett vanligare byggprojekt sa var teamet mindre, vilket enligt
Philipson dr en fordel med en effektivare beslutsfattning, nirmare samarbete
och mindre intressekonflikter.

"Framgangsfaktorn till sddana har projekt ar nog just ett bra och tajt
arbetsgrupp”, papekar Kristina Philipson.

Vaggen har installerats pa NCC:s kontorsbyggnad, en byggnad som man planerar
att riva runt 2018. Den vertikala vaggen planeras att sitta kvar tills rivningen
sker. Kristina Philipson och Erik Kiltorp deltog vid monteringen och
installationen av systemen. Monteringen tog runt tre dagar.

Vid mer optimala forhallanden tror Philipson att det ar mojligt att installera
vaggen pa en dag beroende pa storlek. Modulerna ar forst liggande pa plan mark
dar substrat tillsattes och sedan plantering av fréer och lite mer uppvuxna
plantor skedde. Det som tog langst tid att utféra var att blanda substratet. En
mindre variant av cementblandare anvandes, vilket gjorde att blandningen fick
ske i manga omgangar.

Efter monteringen upptacktes det att bevattningsslangen i mittersta partiet av
vaggen inte fungerade, ndgot som inte gick att dtgarda i efterhand vilket gjort att
den delen av viaggen inte blivit forsedd med nagot vatten alls. Trots detta har
denna del av vaggen vaxt och frodas pa samma satt som ovriga vaggen. Ett
resultat som Philipson och hennes kollegor ser som mycket positivt, vilket da
bevisar att det ar stor chans att viaggen kan klarar sig utan bevattningssystem.

Vixterna i modulerna ar en mix av dngsblommor och sedumplantor. Kassetterna
som sitter pa NCC:s kontor fylldes med froer och nagra fardiga plantor. Tanken
ar att nar denna typ av modul blir mer etablerad pa marknaden sa ska
kassetterna endast ska fyllas med froer. Det gor det mojligt for modulerna kan
lagras pa byggplatsen i flera veckor och inte borja vattnas forran efter
installation.

Substratet ar en blandning av pimpsten, kokosfiber, lergroneblad samt biokol.
Pimpstenen innehdller lite ndringsdmnen, i ovrigt tillfors inga extra
naringsamnen.

Meningen ar att systemet ska kunna anvandas pa stora ytor och dar de inte gar
att komma at sa latt.

For att klara vinterklimatet har lokala taliga vaxter anvants, med tanken att
blommorna kommer att dndra utseende vid skiftande arstider.

"Vi ser pa vinteraspektfragan som den naturliga marken. Vi vet att det inte
kommer vara fullstindigt gront”, berattar Philipson.

Dock tror hon inte att det finns samma risk for bottenfrysning i systemet pa
grund av det grunda djupet infor vintern men det atersta att se till varen vad som
verkligen kommer hinda.

"Det ar for tidigt dn att avgora vad vi kan forbattra och inte”, papekar Philipson.
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Daremot tror Philipson att det gar att utveckla modulernas matt sa att de inte
blir lika otympliga.

"For att lyfta upp systemen mot fasaden behovde vi kranbil vilket kanske inte ar
optimalt”, berattar Philipson.

En ambition kan vara att skapa moduler som dr mindre och som personal latt
kan plocka ner och byta ut ifall ndgot fel uppstatt i just den enheten. Nagot mer
som sakerligen kan forbattras ar infastningsmetoderna menar Philipson. Annars
ar teamet dn sa langde nojda med det estetiska utseendet.

Underhallet som sker idag ses mer som utvardering av vaggen dar kunskap
samlas in om hur vaggen skoter sig sjalvt. NCC fotar vaggen en gang i veckan for
att se forandringarna som sker. Vidare kontrolleras vaggen cirka en gang i
manaden sa att allt fungerar som det ska.

[ dagslaget ar det svart att sdga hur stort skoteselbehovet for viggen kommer att
vara vid en mer etablerad produkt och det finns ingen underhéllsplan eller
diskuterad driftpersonal da vaggen fortfarande ar i utredande syfte.

"Meningen ar att systemet ska anvandas pa stora ytor och dar det kanske inte ar
sa latt att komma at”, berattar Philipson. Hon tror dven att en framtida
underhallsplan kommer att bero pa typ av byggnad och typ av fastighetsagare,
men att det ar viktigt med en tydlig skotselplan for att fa vaggen att 6verleva.

Trimning av vaxterna i viggen ar ndgot som inte diskuterats men nagot som
antagligen kommer bli mer aktuellt till sommaren 2016. De d6da vaxterna i
systemet kan skapa en brandrisk som maste elimineras menar Philipson men det
aterstdr att se till framtiden. Ifall det skulle behdva trimmas tanker sig Philipson
en trimning per ar och ser det inte som nagot storre skotselbehov.

[ dagsldget anser Philipson att det inte finns nagra starka incitament kring
miljocertifieringssystemet pa dagens marknad gallande levande vaggar. Hon
jamfor utvecklingen med grona tak som idag ar en etablerad produkt pa
marknaden.

”Stora aktorer maste vaga for att fa utvecklingen att ga framat”, berattar
Philipson och det tror hon galler generellt med utveckling.

"Ndar stora bestallare vagar satsa pa levande vaggar kommer det ge stor effekt”,
berattar Kristina Philipson. Tid behdvs for att skaffa mer kunskap och
incitament, dar pilotprojekt har en stor betydelse.

[ dagslaget ar det inte speciellt anvandbart med levande vaggar for poangsystem
som inrdknas i miljocertifieringen. Fran vissa vinklar ar systemet
kontraproduktivt, vilket ocksa satter stopp for byggherrar att vaga satsa.

”Sa fort det finns tydliga incitament for miljon borjar det handa grejer och folk
borjar satsa mer och anvanda sig av spannande l6sningar”, berattar Philipson.
Nar miljocertifieringssystemet BREAM anvands for att tillgodordkna podng for
levande vaggar maste det i dagens poangsystem rakna med alla vertikala ytor pa
byggnaden som inte ar grona vilket gor att andelen gronyta blir valdigt liten och
ger lag poang.
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Kristina Philipson tror absolut att vi kommer fa se mer grona vaggar i Sverige

men att det kommer ta en stund.
"Tillsammans kommer alla exempel och forskning generera battre 16sningar. Det

behovs mer kunskap, mer incitament och pilotprojekt med entreprenérer som
vagar testa pa riktigt”, berattar Philipson.
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Sammanfattning av intervju med Christina Wastrell och Peter Johansson
fran Ambius, ett vaxtforetag med driftansvar, utford 26 november 2015

Ambius ar ett serviceféretag inom vaxtinredning som pa senare ar har borjat
arbeta med vaxtvaggar i utomhusmiljo. Forsta projektet genomfordes i
samarbete med Helsingborg stad. Wastrell arbetar som produktansvarig och
Johansson arbetar som tekniskt ansvarig.

Helsingborg stad, en kund hos Ambius sedan tidigare, skickade en
anbudsforfragan om att satta upp en vaxtvagg i centrala Helsingborg som
Ambius ldmnade anbud pa och vann. Kunskap om vaxtvaggar fanns inom
foretaget innan projektstart. Ambius med sin erfarenhet av
inomhusinstallationer och underleverantorerna fran Holland hade lang
erfarenhet av utomhusinstallationer. Till skillnad fran en inomhusinstallation ar
framst andra typer av vaxter, mer teknisk utrustning och klimatrelaterade
faktorer sdsom vind, sol och temperatur saker som maste tas hdnsyn till vid en
utomhusvagg. En sdljare pa Ambius ansvarade for kommunikationen med 6vriga
aktorer och var den som deltog vid moten. Vid planering 1dg fokus pa vaxtval,
placering och monsterpassning. Framtida underhall och drift diskuterades inte
under planering. Underleverantdérerna ansvarar for leverans av produkt och
installation samt samrader med Ambius och kund gillande vaxtval. Ambius
ansvarar for underhallet av vaggarna och tycker att samarbetet mellan dem och
leverantor fungerar bra.

Utmaningar generellt i planeringsstadiet ar att I6sa vattenavrinning,
internetuppkoppling och tillgang till ett 1ast utrymme for forvaring av
bevattningskomponenter och teknisk utrustning. En annan utmaning kan vara
vid hogre placerade vaggar, dar lyftkran maste hyras in och omgivande trafik
maste stdngas av vid installation och vid eventuella framtida
underhallsaktiviteter. Skadegorelse forutspaddes innan uppsattning som en stor
utmaning pa grund av planering i markniva, men det visade sig senare vara ett
mindre bekymmer da allmanheten till storsta del har l1atit vaggarna vara ifred.

Vaggar med monsterdesign anses vara en aning mer svarskotta, da sektioner av
olika arter kan vaxa olika mycket och kraver pa sa satt mer underhall for att
behalla designen. En viagg utan direkt monster, sdsom offentliga toaletten pa
Konsul Olsson plats, anses mer lattskott dar vaxter kan vaxa mer vilt och
omplantering blir med flexibelt. De svagare vaxterna kan dven skyddas av de
mer valvuxna vaxterna som ett lager under vintersasong.

Systemet fungerar generellt mycket bra, dar tekniken fran underleverantérerna
kanns val inarbetat. Nagot som skulle kunna utvecklas dr mjukvaran, enligt
Johansson. Systemet ar under utveckling och underleverantorerna har tagit fram
en ny och mer effektiv teknisk central fér mindre vaxtvaggar. Underleverantoren
arbetar dven med att utveckla en mindre vattenkravande produkt.
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Héllbar teknik ar enligt Wastrell och Johansson ett palitligt system dar man kan
lita pa sensorer och dverforingar. Vaxtvalet har ocksa betydelse, dar det giller att
anpassa vaxtvalet utifran placering. Detta underlattar for att kunna ha ett
hallbart underhall. Ambius fokus ligger framst pa tekniken nar det kommer till
hallbarhet. Ett omfattande miljotank finns hos deras underleverantorer, som
standigt arbetar med att utveckla deras produkter till att vara sa hallbara som
moijligt. Tillexempel anvander de sig av atervunnet material. Nagra uppgifter om
berdknad livslangd finns inte att tillga.

Efter tre genomforda projekt, plus ytterligare ett projekt i Danmark, kanner
foretaget att erfarenheten har bidragit till ett mer effektivt planeringsarbete, dar
det vet vad som fungerar och inte.

Projektet i Danmark ar betydligt storre an tidigare projekt, med sina 1300 m2.
Bevattningssystemet ser annorlunda ut, dar en tank samlar upp dagvatten som
huvudsakligen anvands vid bevattning. Konstbevattning anvands endast vid
behov.

Skotselbehovet styrs utifran kundens 6nskemadl, vilket kan skilja sig mycket
beroende pa projekt. Driftkostnad ar darfor svar att uppskatta da storlek,
placering, vaxtval och annat direkt paverkar.

Ett bra intervall pa service ar var fjortonde dag, dar fraimst bevattning och naring
kontrolleras av en drifttekniker. En daglig 6vervakning av vaggen sker med hjalp
av sensorer. Tva ganger om dret, vid host och var, utfors en ordentlig tillsyn av
ett team pa 2-3 personer dar omplantering, klippning och storre aktiviteter
genomfors. Johansson dr en av dem i teamet. Klippning under host ar inte lika
omfattande, dd 6vervuxna vaxter kan fungera som ett skyddande lager under
vintertid.

En utmaning ar vaxternas 6verlevnad under vintern. Tva mildra vintrar har
passerat, men vintern detta ar har varit kallare och det dterstar att se till varen
hur vaxterna klarat sig.

Wastrell och Johansson tror framst att avsaknaden av levande vaggar i Sverige
beror pa kunskapsbrist och att det ar ett sa pass nytt koncept. For att 6ka
vaxtvaggars narvarande i urbana miljéer behdver information spridas runt till
kommun, byggforetag och arkitekter om teknikens fordelar och bidragande till
den urbana miljon. De bada ser ljust pa framtiden och tror att vaxtvaggar
kommer att utvecklas och vara ett mer sjalvklart inslag i den urbana miljon
framover.
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Observation av levande vaggar i Helsingborg och Goteborg
Observation utford av Johanna Andersson och Malin Simu

Filtduksystem Goéteborg, 24-10-2015

Ett flitdukssystem av typen ldtt skdrmfasad har observerats i Goteborg. Anldggningen
ar uppford av Vasakronan i samarbete med landskapsdesignern Daniel Bell och ér
placerad centralt i ett shoppingomrade vid korsningen mellan Kyrkogatan och
Fredsgatan. Estetiskt skapar vdggen kontrast mot de hdrdgjorda ytorna. Viggen dr
placerad pd hog hojd och dr inte mojlig att kdnna pd. Vixterna dr placerade i monster,
vilket skapar fin estetik. Véggen frodas fint, inga vissna vixter eller hal i plantering
observeras.
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Levande vigg vid korsningen mellan Kyrkogatan och
Fredsgatan, Géteborg (Andersson & Simu, 2015).
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Modulsystem Helsingborg, 26-11-2015

Tre védggar 1 Helsingborg med samma sorts teknik, modulsystem av typen lador, har
observerats. Anlidggningarna dr placerade pa ett pumphus pa Sundstorget, pa en
offentlig toalett pa Konsul Olssons plats och i1 en passage under tak nira
centralstationen. Viaggarna ar uppforda av Helsingborg stad i samarbete med
serviceforetaget Ambius. Anldggningarna &r trots host grona och sticker ut fran den
annars graa miljon, dér 6vriga trad tappat sin gronska. Véiggarna frodas fint, det géller
sarskilt pumphuset och toaletten. P& toalettbyggnaden observerades skillnad i
viaxtlighet beroende pd viderstreck, dir soder och vist var mer vilbevuxna. Insekter
hade bosatt sig viggarna, smultron fanns fortfarande att plocka pé toalettbyggnaden.
Pumphuset och passagviggen har véxter placerade i monster, vilket skapar en fin
estetik sarskilt tydligt for pumphuset.

Offentlig toalett pa Konsul Olssons plats, Helsingborg (Andersson & Simu, 2015)
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Anldggningen i passage dr placerad under tak.
Viggen dr mer glesbevuxen jaimfort med de
andra tva védggarna, vaxtmonstret var svart att
utldsa pa grund av hal i plantering. Samtliga
modulsystem hade hédl i1 plantering. Nertill
finns en rdnna som samlar upp Overflodigt
vatten, ddr fimpar och annat sméskrép har
kastats.  Lite skrdp hittades &dven i
pumphusviggen.

Levande vdgg i passage under tak

ndra centralstationen, Helsingborg
(Andersson & Simu, 2015)

Bevattningssystemet till pumphuset observerades. Det &r helautomatiskt system
bestdende av en skapcentral med all teknisk utrustning med tillhdrande sensorer som
kdnner av temperatur och fukt och ar kopplat till larmsystem. Nedanfor sképcentralen
star en vattenpump och ndringsbehdllare sammankopplad med datasystemet som
forser viaggen med vatten och néring.

o
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Skapcentral, Pumphuset Helsingborg Vattenpump  och  ndringsbehdllare,

(Andersson & Simu, 2015) Pumphuset Helsingborg (Andersson &
Simu, 2015)
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Projektnamn

Datum

INFORMATION

Ange Adress for den levande vaggen.
Ange Byggherre och kontaktuppgifter.
Ange Arkitekt och kontaktuppgifter.
Ange Leverantor och kontaktuppgifter.
Ange Driftansvarig och kontaktuppgifter.

MALBESKRIVNING
Kort beskrivning av projekt som underhallsplanen ar géallande och aktuell for.
Beskriv vilken systemlésning som anvands, karaktar och grova drag.

Malbeskrivning med projekt, vad ar underhallet tankt att mynna ut till? Vad ar
syftet med den levande vaggen? Vad har den fér funktion?

SCHEMA ARLIGEN

En plan for aret uppréttas och bifogas till dokumentet dar underhallsaktiviteter
dagligen/veckovis/manadsvis och underhallsaktiviteter arligen redovisas.
Denna uppdateras med jamt mellanrum.

3-5 ARSPLAN
En 3-5 arsplan kan uppréttas och bifogas till dokumentet for storre renoveringar
eller liknande. Denna rekommenderas att uppdateras arligen.

20 ARS PLAN
En 20 arsplan kan upprattas och bifogas till dokumentet for att identifiera risker
och underhallsaktioner, sdsom byte av bevattningssystem.



Projektnamn

PLATSANALYS

Platsanalys ska anvandas och utvarderas i planeringsstadiet som ett av de forsta

Datum

stegen med den levande vaggen. Det ar befogat att bifoga denne i
underhallsplanen for att enklare fa en djupare forstaelse om designval och
bakomliggande orsaker, och hur det har paverkat underhallet.

PLATSANALYS AV LEVANDE VAGG

LOKAL OMGIVNING

KLIMAT OCH SASONGSRELATERADE
FAKTORER

VIKT OCH BARFORMAGA

DRANERING

Utvardering av mojligheter
och/eller risker med vad den
levande vaggen kommer ha for
inverkan pa platsen. Okad
biologisk mangfald, brandrisker,
ogras och ohyra.

Beskrivning av forvantade max
och min temperaturer.
Beskrivning av forvantat
regnmangd under aret.
Beskrivning av skugg- och
solférhallanden.

Beskrivning av vindforhallanden.
Beskrivning av omgivande
byggnader kan paverka
klimatrelaterade forhallanden pa
den levande vaggen.
Beskrivning av eventuella
forutspadda klimatforandringar
over lang tid.

Utvardering av fasads/objekts
barférmaga for en levande vagg.
Utvardering av eventuella nyttig
laster sdsom vind och sno.

Utvardering av utslappspunkter
for dagvatten.

Vardering av tillracklig dranering
under svara vaderforhallanden.



Projektnamn

Datum

BEVATTNING Mojligheter for bevattningssamling,
forvaringsmojligheter av
vattenbehallare och
distribueringssatt.

EXISTERANDE Anvandningsarea for en levande vagg.
STRUKTUR OCH Eventuella vinklar eller sluttningar pa
STORLEK vaggen.

Kvalitet pa existerande struktur.

TILLGANG Tillgang for kranar, maskiner eller
eventuell lagring av material pa plats
under installation.

Tillgang for personal och/eller
besdkare.

Tillgang till service for vatten och el.
Utvardering av inte forhindra
passerande.



Projektnamn

Datum

UNDERHALLSAKTIVITETER VECKOVIS/MANADSVIS
Frekvensen av underhall varierar fran projekt till projekt men ska utvarderas
och eventuellt dndras efter behov. Vader- och sasongsforhallanden paverkar
frekvensen pa underhallet da den levande vaggen antingen kraver mer eller

mindre tillsyn.

UNDERHALLS AKTIVITETER

BIBEHALLA VAXTDESIGEN

BIBEHALLA
TILLVAXTNAD

MINAMISERA OGRAS

KONTROLLERA SUBSTRAT

KONTROLLERA
BEVATTNINGSSYSTEM

KONTROLLERA
SAKERHETSSYSTEM

KONTROLLERA DRANERING

KONTROLLERA VINDSKYDD

UPPGIFT

Omplantering/ifylinad av vaxter

Borttagning av avfall fran vaxter.

Inspektera efter ohyra eller sjukdom
hos vaxter.

Justera bevattnings volym/frekvens
efter sdasong och vader.

Se till sa att vaxter har tillrackligt med
naring efter behov.

Inspektera efter tecken pa stress hos
vaxter efter extrema
vaderforhallanden.

Borttagning av ogras.

Korrigering och tillaggning av
substrat efter vind, regn, djur.

Testa och inspektera
bevattningssystem manuellt och
overvaka automatiskt system.

Se Over sakerhetssystemet och
sakerhetspunkter.

Se over tillgangligheten och
utrustning, ex. stegar och trappor.
Se dver det elektriska, lampor, ljus
och kontrollsystem.

Borttagning av skrdap, smuts och
annat som kan hindra bortrinning
Se over avlopp, ledningar och filter.

Se over tillstandet hos skyddande
funktioner hos systemet.



Projektnamn

Datum

KONTROLLERA FUKT Kontrollera att fukt ej férekommer pa
bakomliggande fasad (om majligt).
Se dver efter eventuella lackage.

OVERVAKA For logg om vaxtprestanda, tackning,
VAXTPRESTANDA styrka, ohyra och sjukdom.
OVERVAKA For logg om tillforsel av ndring,
NARINGSTILLFORSEL avvikelser och pH-virden.

Borttagning av vaxter som ligger

UNDERHALLA ICKE- utanfor den tilltanka zon for den
VAXTZONER levande viggen.

OVRIG Inspektera konstruktion och
KONTROLLERING infastningar.



Projektnamn

Datum

UNDERHALLSAKTIVITETER ARLIGEN

Frekvensen av underhall varierar fran projekt till projekt men ska utvarderas
och dndras efter mal och behov.

UNDERHALLS AKTIVITETER UPPGIFT

BIBEHALLA VAXTDESIGEN Klippning av vagg.
Vid behov, omfattande
omplantering/ifylinad av vaxter.



Projektnamn

Datum

FORTECKNING OVER VAXTER

En lista presenteras med arter av vaxter i systemet, vilken omfattning, eventuella
kannetecken och underhallsbehov.
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Disclaimer

The information published in this guide is provided by the Growing Green Guide
partners to disseminate information in regards to the design, construction and
maintenance of green roofs, walls and facades. It is not, and does not purport to be,
a complete guide and is not a substitute for professional advice.

The design, construction and installation of green roofs, walls and facades is subject
to the relevant authorities granting the required permits, approvals and consents;
specific information should therefore be obtained from such authorities prior to the
commencement of any such projects.

The Growing Green Guide project partners (City of Melbourne, City of Stonnington,
City of Yarra, City of Port Phillip, the State of Victoria and The University of
Melbourne) and their employees do not guarantee that the publication is without
flaw of any kind or is wholly appropriate for your particular purposes, and therefore
disclaims all liability for any error, loss or other consequence which may arise from
you relying on any information in this publication.

Reference to any organisation in this guide is not to be construed as an endorsement
or recommendation of any information, goods or services supplied by that
organisation.

The Growing Green Guide partners accept no responsibility to you or anyone else
arising from any act or omission of any third party referred to in this booklet or any
loss, including damage or injury, when using and/or obtaining information, goods or
services.

The information contained in this guide is based on information available at the time
of writing. It is liable to change and we do not and cannot guarantee its currency.

The project partners reserve the right to make changes to the guide at any time.
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Foreword

by Sidonie Carpenter

Sidonie co-founded Green Roofs Australasia, the peak body
for the green roof, wall and facade industry in 2007. She was
president of the association for almost four years and is
currently the board member for Queensland. Sidonie has
a landscape architecture practice in Brisbane.

Building one green roof will provide benefits for a small number of people and the local environment, but developing this Growing Green
Guide provides the knowledge and confidence to implement innovative and good quality green roofs and walls for years to come. It is
what the green roof and wall industry needs in able to plan, design and maintain quality green roof and wall systems throughout Australia.

Green Roofs Australasia was founded in 2007 as the industry body to promote and support the case for green roofs and walls. It is with
the development of Australian guidelines such as the Growing Green Guide that we will see the industry grow and strengthen.

Cities around the world have found green roof support and development has strengthened following the publication of how-to guides
like this.

Given the predicted impact that climate change and population growth will have on our urban environment, can we afford not to invest
in these types of sustainable solutions? Green roofs and walls provide a wide range of environmental, economic and social benefits, both
public and private. They can reduce urban heat loadings and stormwater run-off, increase the energy efficiency and liveability of buildings,
provide a range of habitat outcomes and even produce food. These guidelines will help to develop an understanding of the technology
and build knowledge about the benefits and methods of green roof/wall/facade design, construction and maintenance for all sectors of
the industry.

The guidelines have been written for Melbourne and Victoria but much of this information has national and international relevance.
The Growing Green Guide team has issued an open invitation to others to use the guidelines’ contents to develop additional resources,
or even produce a second version through their Creative Commons licensing.

This guide is only one of three main outputs developed by the Growing Green Guide project team — a policy options paper and
feasibility study and design for four demonstration sites have also been completed. | encourage you to look at the Growing Green Guide
website: www.growinggreenguide.org. Here you will find the comprehensive policy options paper for use by government and others in

developing policies to encourage green roofs and walls and an opportunities assessment for demonstration green roof and wall sites in
each partner council's municipality.

With these guidelines, | look forward to seeing the number of green roofs, walls and facades increase across Victoria and Australia, and
| encourage you to read the sections that are relevant to you.While the publication of the guidelines marks the completion of the
Growing Green Guide team’s planned work, this is not the end of the Growing Green Guide project; it is the start of mainstreaming green
roofs and walls into our built environment.

| congratulate the Inner Melbourne Action Plan (IMAP) councils of Melbourne, Port Phillip, Stonnington and Yarra, along with the State
Government of Victoria and The University of Melbourne, on the delivery of this project and hope to see the guidelines further
developed in coming years as we learn more about how these systems can deliver long term sustainable solutions across Australia.
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Preface

The Growing Green Guide (‘the guide’) has been developed with advice from industry experts and knowledge from academic research,
to explain how to create high quality green roofs, walls and facades.

The development of the guide was supported by four inner Melbourne local governments through the Inner Melbourne Action Plan (the
cities of Melbourne, Port Phillip, Yarra and Stonnington) and by the State Government of Victoria, through the Victorian Adaptation and
Sustainability Partnership. The University of Melbourne is a project partner.

This guide is written for professionals who may be involved in the design, construction and maintenance of green roofs, walls and/or
facades. It is also relevant to developers, homeowners, and local and state governments.

The guide is targeted at projects based in Melbourne and Victoria, Australia, but is also largely relevant for a wider geographic area.

The Growing Green Guide is released under a Creative Commons licence to encourage periodic updates and use of the information in a
range of places.

Explains what green roofs, walls and facades are, why they are important and the potential
Section 01 benefits of these systems for Melbourne and Victoria. It also provides answers to some
frequently asked questions.

Introduces some of the research that has been undertaken on green roofs, walls and facades to
provide a more specific understanding of their potential benefits.

Section 02

Was written in collaboration with industry experts to provide technical advice on the design,
construction and maintenance of green roofs, walls and facades.

Section 03

Highlights several existing green roofs, walls and facades in Melbourne and Victoria, as case
Section 04 studies. Each example provides a description of the project, its design and components used,
maintenance, cost and results and reflections.
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Green roof for apartment residents at Freshwater Place, Queensbridge Square, Southbank, Melbourne

INTRODUCTION

Green roofs, walls and facades are becoming more common in cities across the
globe. Growing numbers of Australians are realising the potential of these living
systems to improve the quality of their built environment to provide social,
aesthetic, environmental and economic benefits.



3 An introduction to green roofs, walls and facades

Like many other cities, Melbourne faces continued pressure
from increasing urbanisation. Rapid population growth and urban
development have transformed natural environments into areas
of highly engineered infrastructure. Heat generation from cars,
industry and commerce, coupled with the retention of the solar
energy by buildings and paved surfaces, creates unnaturally warm
city environments (known as urban heat islands). This can have
negative effects on human health and wellbeing. The transition from
the natural landscape to the built environment has also created
large areas of impervious paved surfaces, creating problems such
as loss of vegetation and habitat, increased surface run-off and
flash flooding. Each of these issues is being exacerbated by an
increasingly variable climate.

Collectively these issues present enormous environmental,
economic and social challenges and require new ways of thinking
to make our cities more liveable now, and into the future.

Many cities around the world recognise the importance of having
green infrastructure; that is, natural landscape assets, including green
spaces and water systems. Green infrastructure includes trees, parks,
water sensitive urban design (such as wetlands and rain gardens)
and green roofs, walls and facades.

9

Introduction

Green roofs, walls and facades are appealing as a way of adding
green infrastructure to a city because they can be included on new
buildings or retrofitted onto existing buildings, and require little, if
any, space at ground level. They are being used to compensate for
the loss of urban greenery, and to provide localised cooling and
aesthetic improvements in dense urban centres where there is
insufficient space for other types of green infrastructure.

It is estimated that there are more than 50 green walls, more than
100 green roofs and hundreds of green facades across Melbourne.
Yet there is limited Australian information about how to create and
manage these types of green infrastructure. This guide provides
technical advice on how to design, build and manage green roofs,
walls and facades so they can provide multiple benefits over a long
time span for building owners and the wider community.

Figure I. Pressure builds over our cities, with the transition from natural landscapes to hard

infrastructure, an increasingly variable climate and a growing population

High Energy Use
Air conditioners in offices,
industry & homes increase
greenhouse gas emissions

Poor Air Quality
Dust and vehicular pollution
& trapped air in urban canyons

- 4

Poor Water Quality
Urban run-off collects
pollution

Less Green Space
Urban sprawl threatens food
production and reduces green space
for recreation and biodiversity

Hotter Cities
Heat-related illness & death.
Poor city liveability

Flooding
Extreme rainfall and fewer
permeable spaces clogs drains
& leads to localised flooding




4 An introduction to green roofs, walls and facades
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Introduction

Figure 2. Vegetation can be added to a building as green roof, green wall or green facade

Definitions

Green roof

A vegetated landscape built up from a series of layers that are
installed on a roof surface as loose laid' or modular (that is, installed
layer by layer on the roof or as pre-prepared layers in trays).

Green roofs are constructed for multiple reasons - as spaces for
people to use, as architectural features, to add value to property
or to achieve particular environmental benefits (for example,
stormwater capture and retention, improved species diversity,
insulation of a building against heat gain or loss).

Vegetation on green roofs is planted in a growing substrate

(a specially designed soil substitution medium) that may range
in depth from 50 mm to more than a metre, depending on the
weight capacity of the building's roof and the aims of the design.

Green roofs have traditionally been categorised as ‘extensive’
or'intensive’.

Extensive green roofs are lightweight with a shallow layer of
growing substrate of less than 200 mm deep, requiring minimal
maintenance. They generally have lower water requirements and
use small, low-growing plant species, particularly succulents (see
images | and 5 opposite). ‘Ecoroofs’ or ‘brown roofs’ are terms
used to describe these extensive green roofs. Roofs that are
designed and planted specifically to increase local plant diversity
and provide habitat (food and shelter) for wildlife are known as
‘biodiverse green roofs’ (see image 3 opposite).

Intensive green roofs are generally heavier, with a deeper layer
of growing substrate, and support a wider variety of plant types

=

=
!

(see image 2 opposite). Because they can support a heavier
weight, they are readily accessed by people. Intensive green roofs
need more irrigation and maintenance than extensive roofs, and
are highly engineered landscapes, often built directly on structures
with considerable weight load capacity, such as car parks. ‘Roof
gardens’ or ‘podium roofs’ are terms also used to describe these
types of green roofs.'Roof garden’is used particularly for sites
where less space is dedicated to the vegetation and growing
substrate and more to hard infrastructure such as decking (see
image 4 opposite).

Until quite recently, extensive green roofs were usually designed
as lightweight installations that were not publicly accessible,
while intensive green roofs were designed as amenity spaces for
people. The boundaries between these types of roofs are now
less distinct, and terms such as ‘semi-intensive’ or ‘semi-extensive’
are used to describe roofs that show elements of these major
categories.

The International Green Roofs Association and other international
green roof industry organisations use these distinct roof classifications.

However, in this guide, green roofs are described in terms of their
particular characteristics, such as depth of growing substrate. The
authors of the guide consider that as each green roof is unique
and may incorporate a mix of design elements, strict classification
of types is no longer as helpful or relevant as it once was. Around
the world, designers and their clients, and those who install and
maintain green roofs, are exploring a range of creative solutions.


http://www.igra-world.com/
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5 An introduction to green roofs, walls and facades Introduction

I Council House 2 in Melbourne has a non-irrigated, non-trafficable green roof comprised of modular trays

2 The demonstration green roof at The University of Melbourne, Burnley campus, is an accessible roof used by staff and students.

It demonstrates different irrigation regimes, growing substrates and plant species

3 A small-scale green roof at a public amenity block in Healesville, designed as an architectural feature and for biodiversity - it includes
indigenous species with the intent to create habitat. Image: Fytogreen

4 Lady Gowrie Child Care Centre, Docklands, is a roof garden designed for use and play. Image: City of Melbourne

5 The Venny, Kensington is a non accessible, light weight green roof with solar panels. Image: Andrew Wutke
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Green wall

A green wall is comprised of plants grown in supported vertical
systems that are generally attached to an internal or external wall,
although in some cases can be freestanding. Like many green roofs,
green walls incorporate vegetation, growing medium, irrigation

and drainage into a single system. Green walls differ from green
facades in that they incorporate multiple ‘containerised’ plantings
to create the vegetation cover rather than being reliant on fewer
numbers of plants that climb and spread to provide cover. They
are also known as ‘living walls’, ‘bio-walls’ or ‘vertical gardens’.

Green walls provide an attractive design feature, but also add to
building insulation by direct shading of the wall surface.They create
cooler microclimates and improve local air quality, and provide the
possibility of growing plants in locations that would not normally
support vegetation. A wide range of plants is used on green walls,
usually herbaceous, though some small shrubs can also be suitable.

o
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The provision of adequate light is an important consideration,
particularly when planning an interior green wall, where artificial
lighting may be necessary (see image | below).

Many different proprietary green wall systems are available.
Some are hydroponic and others use a growing substrate. Green
wall structures vary from modular systems to sheet or board-
based structures with felt pockets to contain and support plant
life. All green walls require irrigation, often inclusive of fertiliser
(fertigation). Fertigation solution can be re-used, but requires
careful monitoring and management to ensure nutrients do not
build up over multiple recirculations to damaging levels.

A well-designed green wall system will fulfil both design and
functional aims by providing growing conditions suitable for the
selected species, have a long lifespan, require minimal component
replacement, and have achievable demands for maintenance.

I Artificial lighting is an important element for this internal green wall in the foyer of Telstra’s Melbourne headquarters. Image: Fytogreen

2 Victoria’s Environmental Protection Authority has a green wall outside its head office in Carlton, signalling their interest in sustainability and a

visible cue to the building’s 6 star Green Star rating

3 lllura Apartments in West Melbourne have four green walls facing north-east, which helps to shade the wall surface in summer. Image: Fytogreen

4 The internal green wall is a design feature in the foyer of The Gauge, Docklands. Source: PAD Creations
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Green facade

A green facade is created by growing climbing plants up and across
the facade of a building, either from plants grown in garden beds
at its base, or by container planting installed at different levels
across the building (see image 4 below).

Climbing plants can attach directly to the surface of a building (see
images 3 and 5 below), or they can be supported on a structure
independent of the building (see images |,2,4 and 6).The use

of climbers that anchor themselves to a structure by twining
stems or twining tendrils enables a green facade to be installed in
front of solid walls or some other structure, to create a partition,
privacy screen or sunshade.The degree of density of the facade
coverage can be managed to suit the required function. For
example, a facade designed to shade a building wall would ideally
have greater foliage density than a screen installed near a window
that is designed to allow at least partial views to the environment
beyond the facade.

Green facades are often installed because they provide an
attractive look to a building wall, or they may be used to block

out a view, or to provide shade for a building. Green facades can
create a cooler microclimate immediately adjacent to a building,
primarily through direct shading of the building facade, but also
from cooling from plant foliage (transpiration of water through the
leaves), and evaporative loss of water from the growing medium.
All climbing plants will provide some retention of stormwater,
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shading of the building, protection of its surface, and capture
of airborne particulate matter and volatile gaseous pollutants.
These benefits will be greater for evergreen species that retain
foliage cover year-round.

For multi-level facades (see image 4 below), particularly at height,
wind can create significant problems for plant attachment. In these
settings, twining climbers are preferred over plants that adhere
directly to the building facade as the twining stems attach strongly
around vertical and horizontal supports. Foliage may still be stripped
under extreme wind conditions, so foliage type and size should be
matched to the level of exposure and likely wind strengths at the
site. In general, the higher the planting on a building, the more
extreme the growing conditions are likely to be. Other factors of
importance in multi-level facade design include planter box design
(volume, substrate, drainage), maintenance access and irrigation
system design.

The distinction between green walls and green facades is not
always clear As the design and use of plants on vertical surfaces
expands, systems become harder to define. For instance, a ‘hybrid
living wall’ system has been created in Adelaide that uses both green
wall and green facade technologies. This blurring of definitions is
akin to the already acknowledged difficulties in classifying green
roof types, where new designs merge what were previously
considered different categories.

I A wire mesh structure supports this green facade at the RMIT University City campus 2 Green facades are used as a screen to cover a
bland wall on the green roof at Crown Casino, Southbank 3 This climbing plant attaches directly to the facade of Victoria Barracks, St Kilda
Road, Melbourne 4 Twining plants are used to create a multi-level green facade at Council House 2 in Melbourne. Planter boxes located on
each balcony allow the facade to extend to the full height of the building 5 Deciduous climbing species provide an attractive feature in autumn
at the University of Melbourne’s Burnley campus 6 A climbing plant (with a scrambling habit) is used on this free-standing green facade in
Brisbane, Queensland
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Benefits of green roofs, walls & facades

There is a range of benefits, outlined below, that can potentially constructed well and has the supporting management required
be provided by green roofs, walls and facades. Some provide to sustain it. Section 3 of this guide discusses the importance of
benefits to the public at large and some only benefit the building design in realising the intended outcomes from any project.

owner or occupants. It is important to recognise that the following  Section 2 provides the research evidence for these benefits.
benefits are only realised if the roof, wall or facade is planned and

Increased property value and other benefits for
building owners

Building owners and developers are increasingly installing green roofs, walls or facades to add a
point of difference, increase commercial returns, provide visual appeal and turn a building into a
local landmark. Most building owners in Melbourne ignore the potential of large, leasable spaces
on rooftops that can be transformed into versatile recreation, amenity or productive facilities, or
commercial spaces for bars, restaurants or cafés.

While the construction of a green roof, wall or facade can be independent from the rest of
a building project, involving specialists early in the construction timeline will help to minimise

risks associated with design development. Importantly, early design discussions will help ensure
that the roof, wall or facade can be planned and incorporated in other building aspects such as
drainage, irrigation, lighting and weight loading.

Green roofs can lengthen the lifespan of a traditional roof surface. They protect a roof’s
waterproof membrane from solar radiation and add insulating materials (vegetation, substrate
and other layers) to reduce severe temperature fluctuations on the roof surface.

Stormwater management

Green roofs absorb and retain rainwater and can be used to manage stormwater run-off in
urban environments. They can also filter particulates and pollutants. Stormwater run-off can be
reduced or slowed because it is stored in the substrate, used by or stored in the foliage, stems
and roots of plants, and also evaporates directly from the substrate. Additional water storage
capacity in green roof systems can be provided through incorporation of a water retentive layer
or drainage layer at the base of the green roof.

Several factors influence the extent to which a green roof can reduce the volume of water run-
off into the stormwater system, including depth and properties of the growing substrate, type
of drainage layer used and roof slope. Plants and drainage systems are important considerations
in the design of a green roof for stormwater management. Details on research supporting
stormwater management are provided in Section 2.
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Improved thermal performance

A significant benefit of green roofs, walls and facades is the potential for reducing building
heating and cooling requirements. Green walls and facades can reduce heat gain in summer
by directly shading the building surface. Green roofs reduce heat transfer through the roof and
ambient temperatures on the roof surface, improving the performance of heating, ventilation
and air conditioning (HVAC) systems.While there is great potential to cool buildings, research
data and the results of modelling studies vary greatly in relation to the extent of the difference
in temperature and the energy savings that are predicted for buildings with green roofs versus
conventional roofs (see Section 2).

Cooling a city — urban heat island effect

Hard surfaces in urban environments, such as concrete, brick, glass, asphalt and roofing, have a
high thermal mass, collecting the sun's heat during the day and re-radiating it slowly back into
the atmosphere.This contributes to a rise in ambient temperature in cities, creating large, stable
masses of hot air (urban heat islands), especially during periods of calm, still weather.

Temperatures can be reduced by covering a roof or wall with a layer of vegetation that shades
building materials which would otherwise absorb heat. Evapotranspiration provides cooling effects,
as water is evaporated from the soil and plants and plants transpire by taking water in through
roots and releasing it through leaves. Energy from the sun that would otherwise heat the roof
or wall surface and increase ambient air temperatures is instead used in the evapotranspiration
process, resulting in latent heat loss that lowers surrounding air temperatures.When green wall
and facade plants are grown on a support system that leaves a gap between the wall and the
planting, hot air moves up by convection through the space between the wall and the vegetation,
providing passive cooling.

A city-wide strategy to implement green roofs, walls and facades could help mitigate some
of the negative consequences of urban heat islands, and consideration should be given to
appropriate plant selection and substrate depth to maximise cooling potential.

Creation & preservation of habitat & ecological biodiversity

Green roofs can contribute to and enhance biodiversity by providing new urban habitats and
specific habitats for rare or important species of plants or animals. Green roofs can also provide
a link or corridor across urban ‘ecological deserts’ and assist in migration of invertebrates and birds.
Designing for biodiversity requires consideration early in concept development with regard to
plant species, food sources, habitat values, access points and building heights.
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Aesthetics, open space and urban food production

The liveability of cities is increasingly dependent on the availability of and access to green open
space. Green roofs, walls and facades can increase amenity and provide opportunities for food
production, recreation, relaxation or commercial ventures.

In dense, rapidly growing urban areas, the contribution of green roofs, walls and facades to overall
green space should not be underestimated. In inner-city areas especially, most space is occupied
by buildings and related infrastructure and the opportunities for new parks and gardens is extremely
limited. Green roofs, walls and facades can be used for multi-level greenery designs that connect
with ground level green spaces.

Cleaning the air

Green roofs, walls and facades can contribute to the removal of gaseous pollutants from the air;
afthough their effectiveness varies with plant species and area of cover. Plants with a high foliage
density or with textured leaf surfaces that trap small particles also assist in removing particulate
pollution, through dry deposition on the foliage or through rain wash. On a larger scale, green
roofs, walls and facades can help to reduce overall environmental heat gain (re-radiation of heat
from building materials with high thermal mass), in turn improving air quality as less photochemical
pollutants are produced at lower air temperatures.

In interior environments, plants have been shown to have a significant capacity to reduce volatile
organic compounds from the air. Carpets and other soft furnishings and office equipment are

common sources of these gaseous pollutants; inclusion of vegetation, such as a green wall, can
help to improve the air quality of the indoor environment.

Next Steps

Read the frequently asked questions and the rest of the guide to understand the details of green roof, wall or facade systems,
or seek advice from a professional in the industry to learn more about approaches that may be suitable to achieve particular
identified aims for your site.

Section 2 details some evidence of the benefits of green roofs, walls and facades. In Section 3, technical advice is provided
on how to design, construct and maintain green roofs, walls and facades. Finally, Section 4 provides detailed case studies of a
selection of Victorian green roof, wall and facade projects to give practical examples of design, construction and maintenance.




FREQUENTLY ASKED QUESTIONS

Do green roofs work on
new and old buildings?

Yes. Green roofs can be fitted to a range
of roof types. A new building can be
constructed to accommodate the weight
loading necessary for a green roof. Some
existing buildings will have the capacity
to support a green roof, or additional
structural support can be retrofitted to
support the required increase in loading.
A structural engineer must be engaged
to clarify details of building structure and
weight loading capacity.

Can | green any building?

Most building surfaces have the potential
for greening. Challenging sites such as
those in deep shade or with low weight-
loading capacity, and tall buildings or sites
with limited access, require specialist
engineering, design and technical input.

Can a tile roof be greened?

Yes, but it requires design expertise and
specialised systems that are not yet widely
available in Australia.

Is irrigation necessary for a
green roof, wall or facade?

All green walls and most green facades
and roofs, require irrigation. It is possible to
install a green roof with no irrigation, but
this will limit the range of plants that can be
used successfully and the potential benefits
of the roof (such as summer cooling or
aesthetically pleasing views of leafy plants).
Some green facades grown in garden bed
settings may not need irrigation.
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Can | have a green roof on
a slope?

Yes, but steeper slopes present a challenge,
and require specialised design solutions,

including drainage boards and systems to
help hold substrates and plants in place.

How much water do
you need?

There is no one answer, as calculating
the water needed to sustain a green roof,
wall or facade depends on climate and
environmental influences, the design and
type of system used, and on the substrate
and vegetation characteristics. Explore
alternative sources of water for use in
irrigation, such as harvested and recycled
water, to minimise reliance on potable
water. Many green walls rely heavily on
irrigation and it is essential to establish
that supply can meet demand.

Will plants ‘overtake’ the
roof or wall?

Vegetation maintenance on a green roof
is important and should be factored in
during the design phase of the project.
Selection of less vigorous plants (species
with low biomass) or those that do not

seed freely will help reduce maintenance

requirements. Green walls can be designed
to have an air gap between the back of the
system and the wall, to provide air pruning
of roots. Green facades will require pruning
to manage size and maintain effective cover:

How much do green roofs,
walls and facades cost?

Costs will vary significantly between sites

and projects. The case studies in this guide
indicate costs for a range of projects of
varying complexity for comparative purposes.
The key factors that influence costs are the
size of the roof, wall or facade; the design
and type of materials used in the roof (for
example, structural reinforcement, volume
of growing substrate and components used
in the mix, plants, system components, hard
surfaces and furniture, etc.); requirements
for access; and the requirements for ongoing
maintenance (including inputs for irrigation,
weeding, pruning, fertiliser).

Green wall technologies offer notable
variation in costs, with relatively cheap
domestic green wall products suited to
small-scale DIY (do-it-yourself) applications,
through to large and small-scale custom-
designed commercial systems. Each presents
a different level of refinement and security
for long-term success.

Will the green roof leak
and cause problems?

Any roof has the potential to leak.
Well-constructed green roofs, walls

and facades will not leak or cause other
structural damage to the building. Correct
installation of waterproofing is essential on
roofs and some walls, and leak detection
systems can minimise risks on green roofs.
Waterproofing membranes can actually
last much longer under green roofs because
they are protected from damage by the
elements by overlying layers.



FREQUENTLY ASKED QUESTIONS

What is the typical lifespan
of a green roof, wall or
facade?

The lifespan is directly related to the
quality of the design, construction and
maintenance, and in particular; the
longevity of the system components.
Some green roofs in Europe have been
in place for more than 75 years and are
still performing strongly. There are many
examples of direct facade greening in
Melbourne that have lasted for decades.
The projected lifespan of green wall and
facade technologies that are more recent
entries into the market are less well
understood.

Will construction of

a green roof, wall or
facade cause delays in

the construction of my
building?

Although a green roof, wall or facade
should be considered an integral
component of a building, its construction
can usually be done independently from
the rest of the build, so it poses little risk
in causing delays. It is very important

to include the installation specialists in
early design discussions and associated
construction project timelines to establish
the most efficient construction timetable
and ensure that drainage, irrigation and
lighting are designed to include the green
roof, wall or facade.

Can | have solar panels on
a green roof?

Yes. There are examples of green roofs in
Melbourne and other parts of the world

where green roofs have solar panels
installed above them.

An introduction to green roofs, walls and facades

How much pruning will be
needed if | grow a green
facade?

Pruning is usually required once or twice

a year, although this will depend on the
vigour of the plant species and the growing
conditions. Annual pruning is important to
control growth and keep vegetation away
from building fixtures (lighting, heating or
cooling equipment, drains).

Could | just paint my roof
white to achieve summer
cooling?

Increasing roof reflectance through a ‘white
roof’ is one way of reducing heat gain
through the roof. However, a white roof
will not capture and retain stormwater,
provide aesthetic benefits or increase
biodiversity values. Paint eventually
degrades and requires maintenance.
Most white roofs cannot help insulate
the building in the winter months and
will therefore only improve the building’s
energy efficiency in the heat but not the
cold. A green roof can help a building's
energy efficiency year round.

How do | know if my
building has the capacity
for a green roof?

An architect, engineer and green roof
provider are needed to ascertain that
a green roof can be installed on a new

building. To retrofit a green roof on an older

building, consultation with an architect
and/or structural engineer is necessary to
determine the load-bearing capacity of the

structure. Consult with green roof, wall or
facade providers to discuss design ideas
and solutions for the site.

Are green roofs, walls and
facades environmentally
sustainable?

Design of the system is paramount to how
well it contributes to broad sustainability
goals, such as pollutant fiftration, thermal
insulation, providing habitat or localised
cooling. By considering how you design,
operate and maintain your system you can
also ensure that the materials and practices
used are environmentally sustainable now,
and in the long term. This process is called
‘life-cycle analysis'. Recycled waste products
could be used (from the building materials
to substrate materials) or local products
sourced rather than imported materials

to reduce the energy used in these
components. Some systems may require
more water than others, but if that water
is sourced from harvested stormwater or
recycled water, it may be more sustainable
than a low water-using system that uses
potable water. Considered application of
fertiliser is required to ensure there is no
negative effect from polluted run-off from
the site. Management of weeds and pests
in the vegetation through a maintenance
regime will also contribute to overall
sustainability outcomes.



Evidence-based
benefits of green
roofs, walls and
facades
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The following section examines the benefits of green roofs, walls
and facades that have been established by research. In most

cases, experimental testing and/or computer modelling based on
experimental data are used. In this overview, green roofs receive the
most coverage because more research has been undertaken about
them and firm conclusions can be drawn. Research into the most
effective uses of green walls and facades is underway in many parts
of the world.

The information provided is from peer-reviewed scientific,
architectural and engineering research journals, technical reports

and books. References and links are provided to the original

articles, although some of these are accessible only through journal
subscriptions. Data used here have been summarised or re-plotted to
demonstrate key points.
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Reducing the energy budget of a building

Green roofs, walls and facades can reduce cooling and heating
costs, by reducing heat gain or loss across the building surface.

Figure 3 shows the results of a study at Kobe University, Japan,
where a green roof performed best out of four different roof
treatments in reducing heat flux from the outside to the inside
of the building. The roofs differed in albedo (the ability to reflect,
rather than absorb, solar energy). A high albedo value means that
more light is reflected and less is absorbed. A green roof planted
with lawn grass had the lowest albedo, but was most effective at

reducing heat flux into the building. Heat flux across the ‘cool roof’

treatment using reflective white paint was 10 times higher than for
the green roof, although its albedo was almost five times greater.
The sensible heat flux across the white roof surface is small
because most solar radiation is reflected, and little is absorbed.
Sensible heat flux across the green roof is small because of loss

of latent heat through evaporation of water from plants and the
growing substrate, even though the amount of solar radiation
absorbed is high. Grey paint and concrete have similar reflectance,
but heat flux with alternative cool roof paint (reflective grey) was
greater than the bare concrete roof alone.

Figure 3. Sensible heat flux under different roof treatments and albedo (ability to reflect solar radiation)
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A green roof provides significant cooling benefits compared to
an uninsulated bare roof, although the most effective cooling
comes from inclusion of insulation under the roof. Modelling
comparisons suggest that green roofs could be useful on poorly
insulated buildings to reduce the thermal conductance across
the roof deck Thermal conductance (U-value) is the inverse of

Lawn

the resistance to transfer of heat (R-value). A study conducted

in Athens, Greece, modelled the effect of adding a green roof to
concrete roofs of different construction. Figure 4 shows that a
green roof lowers heat transfer across a 25 cm thick and a 10 cm
thick uninsulated concrete roof.
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Figure 4. Effect of a green roof on heat transfer (thermal conductance) modelled for different types of
roof construction
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Insulation of a building translates into energy savings for both A study carried out in Singapore, comparing the effect of different
heating and cooling. In Melbourne, with a well insulated building, vegetation types on a green roof with 40 cm deep soil, showed
winter heating is likely to dominate total energy costs, although that heat gain was prevented, and heat loss was greatest under
this will depend on heating and cooling set points preferred by vegetation with the largest and densest foliage cover (Raphis
the building’s occupants. The R-value of an insulation material is palm used as a shrub) — see Figure 5. The bare hard roof surface
a measure of its resistance to transfer of heat. Establishing the accumulated and retained the most heat. Turf, and trees with an
R-value offered by a green roof, wall or facade depends on a open canopy, provided less cooling benefit, with similar heat loss
complex interaction of all the materials used, the depth of the to that of bare soil. The reduction of heat gain and increased heat
growing substrate and the amount of water held in the substrate, loss from soil, compared to the hard roof surface, is most likely
as well as the plant selection, degree of coverage by plants and due to evaporation of water held in the soil.

whether that coverage is present year-round. The following studies
investigated the effect of green roofs compared to bare roofs on
the thermal performance of buildings.

Figure 5. A comparison of thermal effects on a green roof under different types of vegetation cover
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Figure 6 shows the results of a study on energy demand under

a green roof and bare roof in Melbourne. The building was
described as having double brick external walls, a concrete slab
floor and concrete roofs - no mention was made of ceiling
insulation. Temperature measurements were made between
September 2008 and July 2009, in a room with a conventional
waterproofed concrete bare roof, and a room with a green roof
installed over the roof deck. These measurements were used in a
simulation to predict the effect of a green roof on annual energy
costs. Parameters used in the model included cooling and heating

9

Evidence

set points of 24°C and 18°C respectively, and an assumption that
the space was heated or cooled between 8 am and 6 pm. Results
showed that cooling and heating costs for the room covered
with a vegetated roof would be 50 per cent and 12 per cent
lower respectively than for the same room with a conventional
bare concrete roof. For a building constructed from less strongly
insulating materials, although winter heating and summer cooling
requirements would be higher, the green roof would achieve
comparable energy savings.

Figure 6. Heating and cooling energy demand in a room under a bare roof and a green roof
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Source: Chen and Williams (2009) Green roofs as an adaptation to climate change: modelling the green roof at the Burnley campus,
The University of Melbourne, Research Report for CSIRO Climate Adaptation Flagship.

One of the major benefits of the insulation provided by a green
roof is the reduction of internal and external heat fluctuations. The
stability of internal temperatures under a green roof is increased
and contributes to thermal comfort year-round by preventing
heat gain from the outside to inside in summer; and by reducing
heat loss from inside to outside in winter: The construction of the
roof deck and other building components plays a major role in
determining the extent of heat gain or loss from a building.

Figure 7 shows the results of a study in Brazil that compared
external roof temperatures with internal ceiling temperatures
in a building with rooms covered by a green roof, metal roof or

a ceramic tile roof. Measurements were made over a week in
both warm and cold seasons. Heat flux was recorded between
the three roof types and the internal surface of the ceiling inside
each room, and internal air temperature was measured 1.5 m
above the floor in the three rooms.The green roof was planted
with a monoculture of a low-growing succulent herb (Bulbine
frutescens) in a substrate 140 mm deep.The graph indicates that
the room under the green roof showed the smallest variation in
daily temperature during the day in the cold season: this was also
the case during the warm season, with a maximum daily variation
of 1.2°C.
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Figure 7. Internal temperature effects of different roof types
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Green roof trials in Adelaide (June 201 1-May 2012) compared the lightweight growing substrate. The variation in temperature
two plots with 300 mm deep growing substrate to four plots across the entire day was halved with the aluminium grating

with shallower; 125 mm thick substrate. Two of the shallow installed over the substrate and vegetation. The grating created an
depth plots had a trafficable aluminium grating installed 150 mm increased insulation effect with a combination of shading, and from
above the surface of substrate to create an air gap (see image). the creation of an unstirred air layer.

The aluminium grating treatment was tested to investigate the

effect of shading of the vegetation. The substrates used were Source: Clay R Wild N, Hopkins G, Goodwin C (2012) Determining
either a lightweight growing medium or a heavier substrate made and understanding thermal characteristics of green roofs in the City of
from recycled brick and other inorganic materials. Temperature Adelaide, Appendix | of Green Roof Trials Monitoring Report by Fifth
fluctuations of the underlying surface were smaller for the Creek Studio for SA Government's Building Innovation Fund and Aspen

inorganic growing substrate with its higher thermal mass, than for Development Fund No. /.

Experimental green roof on ANZ.Hous€, Adélaide; with trafficable_aluminium grating — 150°"mm above the'substrate
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Experimental studies on green walls and facades focus on the
shading (and cooling) benefits that facade greening provides. Even
though a broad range of factors influence how much shading a
green facade offers (including the presence and type of a support
structure, facade orientation and whether the climber is deciduo
us or evergreen), decreases in wall surface temperature of between
5°C and 10°C are common.The most useful assessments come
from data collected throughout the year: in the future, longitudinal
studies could provide additional value because outcomes are likely
to change as the facade matures.To date, there is limited published
data on thermal benefits from vertical greening in Australian
conditions.
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Table | shows the results of a Spanish study on green facades.
Temperature measurements were made over a year on the
north-east, south-east and south-west sides of a building in
Golmés, Spain, that was covered with the deciduous climber
Wisteria sinensis (Chinese Wisteria). The climber was grown on a
steel mesh support system. Shading of the south-west face of the
building provided the greatest cooling effect.

Table |. Effect of a green facade on building thermal performance

Parameter measured Outcome

Effect of the green facade

Difference in temperature in front of and
behind the facade

3.8°C warmer in winter

Difference in surface temperature
between bare wall and vegetated wall
(summer)

5.5°C higher

Difference in relative humidity in front of

and behind the facade 8% lower in winter

|.4°C cooler in summer

7% higher in summer

Absorption of light and heat energy by
foliage keeps the cavity temperature
lower.

Facade support system creates a
microclimate/unstirred air layer next to
the wall even when stems are bare.

Average bare wall temperature is

Full leaf cover provides effective shading
and prevents heat gain by the building

Maximum temperature is 15.2°C higher

Evapotranspiration from leaves causes a
local increase in humidity (and cooling)

in summer which is not apparent when

stems are bare

Source: Pérez G, Rincén L, Vila A, Gonzdlez JM, Cabeza LF (201 1) Behaviour of green facades in Mediterranean Continental climate, Energy

Conversion and Management 52:1861—1867.

Research undertaken in Adelaide investigated hybrid vertical
greening systems that combine elements of green facades and
living walls. Air temperature and solar radiation were measured

in front of and behind the green facade. Although there was little
reduction in air temperature in front of the green facade (relative
to the air temperature in front of the adjacent bare brick wall), the
wall surface temperature was considerably lower. The green facade
wall surface temperature was 37 to 38°C, whereas the brick wall
was 45.8°C .

Source: Hopkins G, Goodwin C, Milutinovic M, Andrew M (2012)
Post-construction monitoring report: Living wall system for multi-storey
buildings in the Adelaide climate. Prepared for the Government of
South Austrdlia.
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Contribution to urban cooling

Concrete, bricks, glass and large areas of impervious paved
footpaths and roads contribute to heat gain in urban areas. This,
and the loss of shading and cooling from vegetation in high density
urban development, contributes to the formation of urban heat
islands: increased ambient temperatures that arise when warm
stable air masses develop above cities, particularly during periods
of calm weather and low wind speeds.

A modelling study conducted by CSIRO and the Nursery and
Garden Industry of Australia investigated the likely effect of increasing
vegetation cover in Melbourne's Central Business District (CBD)
on average summer daily maximum (ASDM) temperatures over
the period of December through February. Remote sensing
imagery from the 2009 summer was analysed, and showed that
daytime land surface temperatures were significantly reduced by
vegetation. An urban climate model was then used to predict urban
temperature changes under different vegetation schemes for the
2009 climate, and for projected future climates in 2050 and 2090.

Comparisons were made using the CBD both in its present form as a
reference (with respect to urban boundary and density of vegetation),
and with increased densities of vegetation. Vegetation density was
doubled at ground level, installed on green roofs, or both.

Green roof vegetation was 0.5 m high and covered 50 per cent
of building rooftops completely. In all models, it was assumed that
vegetation was irrigated, so that evapotranspiration rates did not
vary significantly between different years. In the 2009 scenario,
ASDM temperatures were reduced by 0.3°C by doubling the
density of vegetation in the CBD, or by 0.4°C with green roofs.
Increasing vegetation density both at ground level and with green
roofs reduced ASDM temperatures by 0.7°C. In comparison, the
creation of large urban parklands reduced ASDM temperatures by
2°C. (Suburban areas were 0.5 to 0.7°C cooler than the CBD.)

The same relative effect of vegetation on ASDM temperatures
was predicted for 2050 and 2090. Green roofs, in conjunction
with cooling from an increased density of street trees and

park vegetation at ground level, could help to decrease urban
temperatures, reduce summer heat stress and the peak electricity
requirements for air conditioning.

Source: Chen D, Wang X Khoo YB, Thatcher M, Lin BB, Ren Z, Wang
C-H, Barnett G (2013) Assessment of Urban Heat Island and
Mitigation by Urban Green Coverage, in Mitigating climate change:
the emerging face of modern cities, Khare A, Beckman T (eds),
Springer, Berlin, New York.

An Australian report outlines principles for choosing the green
roofs, walls, facades, and other more traditional uses of vegetation
to cool urban areas (collectively known as green infrastructure)
for cooling of urban spaces in the Greater Melbourne area.The
report is available at http://www.vcccarorg.au/publications

Source: Coutts A, Livesley S, Norton B, and Williams N (201 3)
Urban Heat Island Report: Decision principles for the selection and
placement of Green Infrastructure, Victorian Centre for Climate
Change Adaptation Research.

A 2005 study in Toronto, Canada modelled the effect of
implementing green roofs on low-rise buildings with low slope and
flat roofs of areas greater than 350 m? and concluded that green
roofs, implemented as a city-wide strategy, could mitigate the heat
island effect by reducing local ambient temperatures by 0.5 to
2°C. It was calculated that this could save Toronto homeowners
and businesses CAN$2 | million annually by reducing the energy
demand for mechanical cooling.

Source: Banting, D., Doshi, H.,, Li, |. & Missios, P 2005, ‘Report on the
environmental benefits and costs of green roof technology for the

City of Toronto’, Prepared for City of Toronto and Ontario Centres of
Excellence — Earth and Environmental Technologies, Ryerson University,
<http://www.toronto.calgreenroofs/pdflexecutivesummary.pdf>


http://www.vcccar.org.au/publications
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Managing stormwater volume

Green roofs absorb and retain water and can be an effective
strategy for reducing stormwater run-off in urban environments.
When rain falls on a bare roof, run-off water flows into drains
very rapidly. The rate of run-off depends on the slope of the roof
as well as the volume of the rain event. When the rain stops, run-
off continues until the roof is drained: any water remaining on
the surface will evaporate. On a green roof, plants and growing
substrate intercept rainfall. Some water will evaporate directly off
plant foliage, but rain that falls directly onto the substrate, or drips
off the foliage, percolates downwards. Some water is absorbed

by substrate particles, and some drains down into underlying

layers where it can be stored if these have the capacity to hold

it (typically the drainage and protection/water retention layers).
Excess water drains onto the roof and out into the stormwater
system. So, on a green roof, both the time to onset and the time
to peak flow of stormwater entry are delayed, and the overall
time taken to drain the roof is increased, as shown in Figure 8. The
overall volume of stormwater is reduced because of the retention

by the substrate and other layers of the green roof.

Figure 8. Theoretical graph comparing stormwater run-off from a bare roof and green roof

Percentage rainfall runoff

#y
========: Bare roof: rapid onser, high peak flow & volume

Green roof: slow onset, reduced peak flow & volume

5
L Time after start of rain event at t=0

Figure 9 shows data from an experimental green roof study in

The advantage of using vegetation to manage stormwater run-off
is that it increases the surface area available for rainfall capture,
and thus helps slow the rate of entry and reduce the volume of
stormwater. The height and spread of vegetation, as well as the
type and diversity of species used affects how much rainfall plants
can capture on their leaves, and how much water they release
back into the environment through transpiration. Evaporation
of water from the substrate also reduces the overall volume of

stormwater.

Michigan, USA, where rainfall retention was measured over 4
months. The three treatments were: a roof with gravel ballast only;
an unplanted green roof; and a green roof planted with succulents
(Sedum species). All roofs had a 2 per cent slope. Run-off was
measured for rain events of different intensity. The green roof with
plants retained the highest proportion of water from heavy rain
events. For smaller rainfall volumes, the substrate-only roof was as
effective as the green roof in retaining water. Both captured more

water than the ballasted roof.



$
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Figure 9. Rainfall retention under three roof treatments for rain events of different intensity
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Figure 10 shows the results of an analysis of published data on
rainfall retention across a range of roof types. Data were analysed
for five (5) bare roofs, eight (8) roofs covered with gravel ballast,
121 shallow (extensive) green roofs and | | deeper substrate
(intensive) green roofs, with average substrate depths of O mm,

Andresen JA, Rugh CL, Fernandez RT,
Xiao L (2005) Green roof stormwater
retention: effects of roof surface,

slope and media depth, Journal of
Environmental Quality 34:1036-1044.

Heavy (>6 mm)

50 mm, 100 mm and 210 mm respectively. Deeper substrate green
roofs retained the most rainfall on average, with minimum and
maximum retention of 65 per cent and 85 per cent respectively: for
roofs with shallower substrates it was 27 per cent and 81 percent.

Figure 10. Rainfall retained by different types of green roofs
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Source: Mentens |, Raes D, Hermy R
(2006) Green roofs as a tool for solving
the rainwater runoff problem in the
urbanised 2 I st century? Landscape
and Urban Planning 77:217-226.

Intensive
green roofs

Note: When considering international research results, keep in mind climate differences to Australia.
Many European and North American green roofs have very shallow substrates, such as the 2.5 cm deep
substrates described in Figure 9. In Melbourne conditions, a minimum depth of 10 cm is recommended for
a green roof substrate. Shallower substrates are likely to dry out too quickly, and plants will not survive.
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Figure I'| shows how slope affects stormwater retention. Green

roofs with 2 per cent and 6.5 per cent slopes were planted with

succulents (Sedum species) in 4 cm deep growing substrate. Run-
off was measured for rain events of different intensity.

$
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The difference in percentage run-off between the two slopes was
greatest in heavy rain events, with the highest run-off observed
from the more steeply sloped roof.

Figure | 1. Rainfall retention on green roofs with different slopes
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A green roof captures a higher percentage of rainfall of a light rain
event than a heavy one. If the rain event is very small, there may
not be any run-off from the green roof, especially if the substrate
is dry. During intense rain events where a large volume of water
is delivered in a short time, the substrate may not absorb all the
rain that falls, even on a densely vegetated roof. In these situations,
the vertical movement of water through the substrate dominates,
although vegetated roofs usually still have lower run-off than

bare roofs. The run-off from intense or long rain events could be
harvested and stored for irrigation.

Source: Van Woert ND, Rowe DB, Andresen JA,
Rugh CL, Fernandez RT, Xiao L (2005) Green roof
stormwater retention: effects of roof surface, slope
and media depth, Journal of Environmental Quality
34:1036-1044.

Figure 12 shows how retention varies with different intensities of
rainfall. Rainfall run-off was collected from a bare roof and a green
roof with low growing herbaceous and succulent species planted
in a growing substrate 10 cm deep.The green roof captures most
of the volume of a small rain event. Although the green roof did
not capture much of the rainfall from a more intense rain event,

it did capture more than the bare roof.

Figure 12. Rainfall retention on green roof with different rainfall
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Source: Teemusk A, Mander U (2007) Rainwater
runoff quantity and quality performance from

a green roof: the effects of short-term events,
Ecological Engineering 30:27 -277.
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Research examining four different green roofs in Auckland
investigated rainfall retention in relation to substrate depth and
composition. Peak flow per rainfall event from the green roofs was
62 per cent to 90 per cent less than run-off from a corresponding
conventional roof. During winter, when plants are not actively
using water from the substrate in transpiration, rainfall retention
was reduced. It was found that water retention and peak flow

are affected by the type of drainage layer used, and the horizontal
distance that stormwater has to travel before it enters the
perimeter gutter or point drains that lead off the roof. Increasing
the distance to the drains, or using drainage layers that have some
storage capacity (either granular aggregate or plastic cells with
water holding capacity), should increase the retention period on
the roof.

$

Evidence

Source: Fassmand-Beck E, Voyde E, Simcock R, Hong YS (2013) 4
Living roofs in 3 locations: Does configuration affect runoff mitigation?
Journal of Hydrology 490:11-20. See also Fassman-Beck EA and
Simcock R (201 3) Living Roof Review and Design Recommendations
for Stormwater Management, prepared by Auckland UniServices for
Auckland Council, Auckland Council Technical Report 201 3/045.

Improving stormwater quality

In urban environments stormwater collected from surfaces at
ground level is usually contaminated. Rainfall run-off carries a mix
of litter, organic materials (plant material and animal droppings),
dust and soil particles and chemical pollutants such as oils and
fertilisers. In contrast, the quality of water arriving at stormwater
drains from roofs is relatively high.

Data from two separate experiments (Tables 2 and 3) show the
improvement of the quality of run-off from green roofs relative to
bare roofs. The higher concentration of nitrogen and phosphorus

Table 2. Comparison of nitrogen (N) and
phosphorus (P) content in rainwater and run-off
from bare roofs and green roofs (modular boxes)

in run-off from the bare roof is most likely due to the wash
down of contaminants in the first flush run-off after rain begins.
The greater surface area for potential capture and storage of
these contaminants on a green roof (on foliage, in the substrate)
reduces the nutrient loading entering stormwater run-off. In Table
2, the green roof included mixed herbaceous perennials, including
succulents, planted into 10.2 cm deep substrate held in modular
boxes that were installed on a roof. In Table 3, succulent species
were installed on a vegetated mat over 10 cm deep substrate.

Table 3. Comparison of nitrogen (N) and
phosphorus (P) content in rainwater and run-off
from bare roofs and green roofs (vegetated mat)

Nutrient

content

Rainfall 051 0.007
Bare roof 0.896 0.197
run-off

Green roof 049 0043

run-off

Nutrient

content

Rainfall 06-13 0012-0019
Bare roof 14-26 0.102-0.104
run-off

Green roof 12-2] 0.026 - 0.09

run-off

Source: Gregoire BG, Clausen JC (201 1) Effect of a modular extensive
green roof on stormwater runoff and water quality, Ecological
Engineering 37:963-969.

Source: Teemusk A, Mander U (2007) Rainwater runoff quantity and
quadlity performance from a green roof: the effects of short-term
events, Ecological Engineering 30:27 1-277.
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Most plants grown on a green roof require some fertiliser
application for them to grow well in the long term, and leaching
of nutrients into roof run-off will reduce water quality to some
extent. The nutrients of greatest concern in run-off water quality
are phosphorus and nitrogen: high levels of both cause algal
blooms in waterways. However, relative to the amount of fertiliser
initially applied to the roof, loss of nutrients into run-off can be
small. The benefit of a large reduction in stormwater volume
probably outweighs the cost of a small increase in nutrient loading.
This should be considered in relation to stormwater quantity and
quality requirements set by local water authorities.

The water quality from the outflow of green roof systems with
shallow or deep substrates was studied over nine months on a
rooftop in Adelaide. Controlled release fertiliser was applied at
the same rate to both green roof types. Run-off from the green

Urban air quality

Many Australian and international studies show a link between
poor air quality and adverse effects on human health. This is
particularly evident for people prone to asthma and other
respiratory conditions, and those with cardiovascular disease. A
study by the Environmental Protection Authority, undertaken in
Melbourne between 1991 and 1996, demonstrated an association
between elevated nitrogen dioxide, carbon monoxide, ozone and
particulate air pollutants (such as smoke and dust) and mortality
due to cardio-respiratory disease, including asthma. This association
was strongest in warm weather, when ozone levels are high due to
increased production at higher temperatures and stable weather
conditions that reduce mixing of air.

As urban populations continue to grow, and even with
improvements in quality of motor vehicle emissions, it is projected
that the concentration of pollutants such as ozone and fine
particulate matter (PM2.5) will also rise. Management of pollution
requires control of emission sources and measures that reduce
the concentrations of pollutants in the atmosphere. Increasing the
amount of vegetation in urban environments is one such measure:
plant leaves absorb gaseous pollutants, while particulate matter can
fall onto leaves or be washed onto them by rain, and ultimately into
the growing medium, where it is degraded or stored.

Sources: EPA (2000) Melbourne Mortality Study: Effects of ambient
air pollution on daily mortality in Melbourne 199 1-1996, EPA
publication 709; EPA (2013) Future Air Quality in Victoria — Final
Report, EPA publication 1535.

The larger canopies of trees and shrubs offer the biggest surface
area for pollution capture, suggesting that green roofs with deeper
substrate, with the potential to carry a broad range of vegetation
types, will be an effective approach to pollution management at
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roof areas with deeper substrates was of higher quality than that
off shallow substrates, lower total dissolved salts and electrical
conductivity, and there were lower sediment levels. However, there
was also a trend for elevated nitrogen (measured as nitrate) and
phosphorus concentrations in run-off from green roofs with deep
substrates: these nutrients are highly soluble so their appearance
in run-off is expected, but given that fertiliser application was the
same for both the shallow and deep substrates, it is noteworthy
that the deeper substrate did not provide greater nutrient
retention. Comparison of measured run-off quality against local,
state and national water guidelines suggest that green roof run-
off could be recycled for irrigation and other non-potable use.

A link to the report is available from the Government of South
Australia’s Building Innovation Fund — ANZ House Green Roof Trials
Stormwater Quality Monitoring.

height. However, as any increase in the surface area available to
absorb or adsorb pollutants offers the potential for improvement
of air quality, shallower green roofs, or walls and facades planted
with herbaceous species may still provide significant benefit. The
extent of pollutant capture will vary with the density of foliage
cover, and the degree of complexity of the leaf surfaces.

In narrow city streets at ground level (urban canyons), green walls
and facades offer the opportunity for improvement of urban air
quality in narrow spaces, by increasing the area that is covered by
vegetation and providing more potential surfaces for deposition
of pollutants. Measures of pollution capture in urban canyons
(and estimates from modelling studies) vary widely, as so many
factors contribute to the outcome, including the dimensions of the
urban canyon, and wind speeds through it. A study that modelled
the effect of vegetation in London street canyons estimated a
reduction of |5 per cent to 40 per cent for nitrogen dioxide and
23 per cent to 60 per cent for particulate matter concentrations,
respectively, with the adoption of green walls in an urban canyon
that was as wide as it was high.

Major findings are that significant reduction in both gaseous and
particulate pollutants are achievable with vegetation on roofs
and walls. This is achieved by direct capture of pollutants, and by
reducing building heat gain and associated localised warming of
the environment. All of these contribute to the creation of urban
heat islands and the generation of photochemical smog.

Source: Pugh TAM, Mackenzie AR, Whyatt |D, Hewitt CN (2012)
Effectiveness of green infrastructure for improvement of air quality
in urban street canyons, Environmental Science and Technology
46:7692-7699.


http://www.sa.gov.au/upload/franchise/Water,%20energy%20and%20environment/climate_change/documents/BIF/Appendix%202%20ANZ%20House%20Green%20Roof%20Trials%20Stormwater%20Quality%20Monitoring.pdf
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Human health and wellbeing

During the Melbourne summer; the city often experiences several
consecutive days of hot weather This is subsequently associated
with higher rates of illness and death: extreme high temperatures
are an additional stress to people whose health may already

be fragile, particularly the elderly. A report by the Victorian
Department of Health quantified the increased incidence of heat-
related illness and death during severe heat waves in January 2009.
During this time, there were 62 per cent more deaths than would
have been expected on average for this time of year, mostly in the
75 years or older age group. Keeping our buildings cooler through
increased shading is likely to contribute to a reduction in the loss
of human lives, and the demands on health services associated
with extreme hot weather.

Source: Department of Health (2012) January 2009 Heatwave in
Victoria: an Assessment of Health Impacts.

Vegetated environments are good for people. Traditional public
parks and open spaces provide refreshment and restful views,
space for recreation and cool areas of shade in summer; and
community gardens offer opportunities for food production.
These environments offer the potential for social interaction and
community building. They are good for physical and psychological
health and wellbeing and provide relief from the pressures of high-
density living. Cost estimates of morbidity and mortality associated
with the lack of access to green open space are not easy to dissect
as there are usually concurrent, co-dependent factors that limit
people’s ability to engage with nature. Exposure to nature improves
people’s ability to focus, cope with stress, generate creative ideas,
and decreases volatile, antisocial, behaviours.

Source: Townsend M, Weerasuriya R (2010) Beyond Blue to Green:
the benefits of contact with nature for mental health and well-being,
Beyond Blue Limited: Melbourne.

Property value

Cities are noisy places to live in: construction, vehicular traffic and
the sounds of HVAC (heating, ventilation and air-conditioning)
equipment are constant features of Melbourne’s aural landscape.
Modelling studies show that although green roofs provide some
attenuation of noise, it is small: up to a maximum of 10 dB across
most of the frequency ranges that have been tested. Tests on a
range of green wall and facade systems in Singapore's HortPark
revealed a similar outcome. So far; for green roofs, there is no
evidence for increased sound absorption beyond a substrate
depth of 20 cm (up to 40 cm). Any small decrease in the volume
of outside noise is an additional, unsolicited benefit of a green
roof, wall or facade. It has been suggested that the University of
Tasmania's green roof was a significant factor in sound reduction
emanating from its site, however the building had a number of
other technologies installed to reduce sound transmission, so
results cannot be attributed to the green roof alone.

Sources: Van Renterghem T, Botteldooren D (2008) Numerical
evaluation of sound propagating over green roofs, Journal of Sound
and Vibration 317:781-799; Wong NH, Tan AYK Tan PY, Chang K,
Wong NC (2010) Acoustics evaluation of vertical greenery systems
for building walls, Building and Environment 45:4 | [-420. Hopkins G,
Goodwin C (201 1), Living Architecture, CSIRO Publishing.

There is very little published research on the impacts of green roofs, walls or facades on property value. Research in Canada estimated

that buildings with a recreational green roof achieve an | | per cent increase in property value, and buildings with views onto green roofs

have a 4.5 per cent increase in property value.

Source: Tomalty, R. & Komorowski, B. 2010, The Monetary Value of the Soft Benefits of Green Roofs, Smart Cities Research Services, <http://www.
greenroofs.org/resources/Monetary_Value_of_Soft_Benefits_of_Green_Roofs.pdf>
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Green roofs research
at The University
of Melbourne

Since 2008, researchers at The University of Melbourne's

Burnley campus have undertaken research evaluating
green roofs for Australian conditions, with a focus on
plants, substrates, hydrology, energy use and environmental

psychology.

Experiments on roofs and in controlled environments have
quantified the performance of 56 different plants, including
both Australian native and exotic species. For survival in the
absence of irrigation, plants with low water use and high leaf
succulence, such as Sedum pachyphyllum and S. xrubrotinctum
proved to be the most successful. However, to reduce
stormwater run-off from green roofs, plants also need to

dry out substrates between rainfall events, a feature that low
water use succulents are incapable of This research showed
that plants from specialised natural habitats similar to green
roofs, such as rock outcrops, can balance high water use with
high drought tolerance. The most successful species included
Dianella revoluta, Stypandra glauca and Lomandra spp. An
additional benefit was the capacity of these plants to re-sprout
following desiccation, further improving survival after drought.

The development and analysis of lightweight growing
substrates, based on mineral and waste components, such
as scoria, crushed roof-tiles and bottom ash (wastes from
coal-powered electricity generation) has led to multiple
green roof installations across Melbourne. This work also
included testing and evaluating a wide range of substrate
components and mixes, and investigating the use of water-
retention additives in substrates, such as silicates, hydrogel
and biochar: Of these, biochar was the most effective,
resulting in lighter substrates that held more water and
delaying the onset of permanent wilting in test plants by up
to two days. This research also showed that the effectiveness
of retention additives varied, depending on substrate and
additive properties (for example fine silicates were ineffective
in coarse-textured substrates).

Hydrology research under natural rainfall conditions

found that a 100 mm deep scoria substrate can reduce
stormwater run-off in Melbourne by 43 per cent to 88 per
cent, depending on the season. Further work evaluated the
influence of three different substrates (bottom ash, roof
tile and scoria) and succulent vegetation cover (planted vs.
bare) on evapotranspiration and retention capacity under
simulated rainfall conditions. The results showed that the
effect of plant cover was influenced by season with greater
evapotranspiration in spring. Planted modules also retained
more rainfall than bare modules for medium and large rainfall
events and overall the cumulative evapotranspiration was

greatest from the bottom ash substrate (bare and planted)
and significantly less in scoria. Water retention also differed
between substrate types, with scoria retaining at least 20 per
cent less rainfall after large events than both bottom ash and
roof tile substrates, probably due to lower evapotranspiration
from scoria between rainfall events. Results of an energy
study completed in 2009 showed that a 125 mm deep scoria
substrate green roof reduced building energy use by 38 per
cent on a summer day.

Environmental psychology research demonstrated that
people prefer ‘meadow-like’ green roofs, dominated by green
strappy or grass-like plants. The addition of flowers on the
green roof further increased preference scores.Viewing this
type of green roof was also found to improve concentration
and could result in improved workplace productivity.

Green roofs research at The University of Melbourne includes

survival experiments in greenhouses and on roofs, and hydrology
experiments in controlled environments under cover



http://thegirg.org/burnley-green-roof/
http://thegirg.org/burnley-green-roof/
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Technical
Guide

This Technical Guide provides advice on the factors that need to
be considered to design, construct and maintain green roofs, walls

and facades.

The Growing Green Guide is the first publication in Australia to collate
such technical advice through independent agencies. It is likely that
over time the industry will mature and have a body of research

and experience that can be used to move from advice to technical
standards that are directly relevant to Australian conditions.

Introduction

Refer to the introductory section of this guide for definitions of
green roofs, walls and facades. A glossary of other terms follows
Appendix A at the end of this document.

Including this Introduction, the Technical Guide has been divided
into eight chapters covering the following areas:

Chapter 2. Site Analysis

Chapter 3. Design and Planning

Chapter 4. Building and Installation — Background Advice
Chapter 5. Building and Installation — Green Roofs
Chapter 6. Building and Installation — Green Walls
Chapter 7. Building and Installation — Green Facades
Chapter 8. Maintenance

In Appendix A you will also find specific and detailed information
about green roof growing substrates.

If, after reading this guide, it appears that green roofs, walls or
facades are not suitable for a particular building, consider other
greening options, from balcony plantings to backyard and nature-
strip gardens. This guide does not cover these options, but many
books and websites are dedicated to these opportunities.

This guide has been published under Creative Commons licencing
as an invitation to others to adapt, update and improve the
guidelines as new technology is developed and research improves
our knowledge.

While it provides the key relevant information on this subject at
its publication, for more detailed information and updates visit the
Growing Green Guide website: www.growinggreenguide.org



http://creativecommons.org/licenses/by-nc-sa/4.0/
www.growinggreenguide.org

The first step.in_any-roof, wall or_facade project is-to-visit-the site and understand-the-local environment-and-built.infrastructure=image:ASPECT Studios

2. SITE ANALYSIS

Before designing a green roof, wall or facade it is important to understand the
characteristics of the site, as these factors will influence the feasibility and cost.
This chapter explains how to evaluate a proposed location for a green roof, wall
or facade. It is written for situations where there is an existing building on-site,
however it can be adapted by those planning to construct a new building.
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2.1 Climatic factors on-site

Climatic factors will vary with geographic location as well as with constitutes too much wind or shade or other factors; rather;

the site aspect and height and even from effects of surrounding these are environmental gradients (for example, low wind to high
buildings. It is important to understand the likely climate on- wind) and often the best approach is to estimate the worst case
site in order to inform decisions about which plant species are scenario for plant growth that is likely on-site, and design with that
suitable for the site. There are no hard and fast rules about what in mind.

Average wind speeds are greater at height than at ground level. Winds may be strong

around the edges of buildings, or from the down draft caused by tall buildings. It is

necessary to understand the likely wind load that a green roof, wall or facade will be

. subjected to, so that it can be built to withstand the forces.Wind at high elevation will

Wind also influence temperature, and wind has a direct dehydrating effect on vegetation,
therefore influencing species selection and irrigation requirements. See the Freshwater
Place and Victorian Desalination Project green roof case studies in this guide to learn more
about the challenges of wind.

Rainfall in Melbourne is generally not sufficient to support a green roof, wall or facade

throughout the year It is important to establish whether rainwater or another water
Rainfall and source can be harvested from other areas on-site, and stored to supply an irrigation
irrigation system.This will avoid or minimise the need to use potable water for irrigation. It is

useful to carry out an irrigation water demand analysis, to estimate water needs.

Light intensity tends to be greater at height than at ground level. At height there are
fewer structures, no vegetation to absorb solar radiation and increased reflection from
adjoining building and surfaces (such as glass and light-coloured walls). Conversely, there

Solar radiation are some roofs and walls that may receive significantly less solar radiation, due to intense
shading by nearby buildings. Shadowing and shading analysis can be used to assess areas
of light and shade on a site and possible changes over the year (for example, at the
equinox) and over time (for example, adjoining new building development).

In urban environments temperatures tend to increase with elevation, due to the
increased thermal mass of built structures and the commensurate heat gain. Assessing

Temperature the likely temperature range on a site is crucial in planting design, particularly in extreme
temperature events.While cold temperatures are rarely a problem for vegetation in
Melbourne, there can be localised green roof situations where this could be a factor in
plant selection.

Enclosed spaces such as urban canyons can create their own microclimate where wind

. . turbulence, pooling of pollution, humidity and temperature can be intensified. The

Microclimate . POSINE 1P . ! Pe Iy
localised climate of these areas will change the growing conditions for plants and needs

to be considered when planning and designing green roofs and walls.
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Climate and rooftop
vegetable production

The Pop Up Patch is a subscriber-based edible
gardening club, based on a car park roof behind
Federation Square, in central Melbourne. The Little
Veggie Patch Co. runs the garden and has to allow
for the different climate that comes from being
based on a roof. The concrete roof stores heat
and the warmer temperatures mean that species
that might not normally have been considered
suitable for the area can grow. Some species that
are usually annual begin acting like perennials.

For instance, they have found that capsicums

and chillies survive and continue to fruit through
the winter months in this location. The warmer
temperatures necessitate growing substrate with
a high water-holding capacity. In addition, the winds
at height dry the surface of the substrate, so drip
irrigation underneath a layer of mulch is highly
recommended.

Light reflection and wind tunnelling effects from surrounding

buildings, will influence the climate on-site, along with local rainfall
and temperature

Pop Up Patch finds that a warmer climate on a car
park roof changes the growing season of some plants
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2.2 Weight loading

The load-bearing capacity of a building must be known before
planning a green roof, wall or facade. A structural engineer’s advice
is essential to ensure comprehensive design development, based
on the building's construction, condition and weight loading capacity.

For retrofitting a green roof, wall or facade, it is important to
establish early whether the installation will meet the existing
structural capacity of the building, or whether this will be modified
to support the installation. In some instances, it is possible to
strengthen an existing roof in strategic areas (and not across the
whole roof) in order to achieve the design outcome while also
minimising costs.

[t is important to consider not just the weight of plants when
planted but their weight at maturity, especially where shrubs and
trees are proposed, as these are likely to be significantly heavier
over time. The weight of saturated plants and substrate must
also be included in the load assessment. Some example weight
loadings of plants are provided in Tables 4 and 5.

Damage to a wall can arise from wind forces, plant load, cable
tension, and human access. This is particularly important where
older walls are being used and where there is a large surface area
of green facade (that is, wind uplift).

For a green roof, wall or facade, the loads that the building structure must support include:

The final constructed weight of all built elements and all components associated with the

Dead load

roof or wall assembly, including plants, growing substrate and any water held in the system.

The weight of people who will use the space, and of any mobile equipment that will be

Live load

used periodically on the site, for example, maintenance (live load generally applies to

green roofs, not facades or walls, however it would be appropriate on a vertical surface

if a trafficable maintenance platform was built into the system).

Translent load

Moving, rolling or short-term loads, including wind and seismic activity.

Table 4. Weight loadings for some representative climbing species

Species

Weight loading (kg/m?)

Jasminum (Jasmine), Rosa (Rose)

Clematis (Clematis), Tropaeolum (Flame Nasturtium)

Vitis (Ornamental Grape), Ampelopsis (Porcelain Vine)

Lonicera (Honeysuckle), Actinidia (Kolomitka), Wisteria (Wisteria)

6-12

3-12

12-26

10-26

Source: Jakob Rope Systems

Note: these are figures from the Northern Hemisphere, where the effective growing season is shorter than Australia’s. Weight loadings

are therefore likely to be an underestimate
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Table 5. Green roof vegetation weight loadings

Green roof vegetation type

Low herbaceous (succulents
and grasses)

Perennials and low shrubs up
tol.5m

Turf

Shrubs up to 3 m

Small trees up to 6 m
Medium trees up to 10 m

Large trees up to I5 m

Weight loading
(kg/m?)

102

102 — 204

5.1

30.6
40.8
61.2

150

Source: FLL Guidelines

Some load-bearing
capacities used in
design of Melbourne
green roofs and walls

The University of Melbourne's demonstration
green roof is designed for use by visitors and

staff. It is built on a heritage-listed brick building in
Burnley. It has areas of deep and shallow substrate
and is designed for a dead load of 300kg/m? and a
live load of 300kg/m? on the decking and walkway
mesh and 150kg/m? on the planting area.

The Venny green roof has shallow substrates on
two types of roof, the first roof is on shipping
containers, and is designed for a dead load of
250kg /m? and live load of 100kg/m? The second
trussed roof is designed for a dead load of | 60kg/
m? and a live load of 40kg/m?.

The Triptych external green wall and the Telstra
Conference Centre internal green wall are both
designed for a dead load of 80kg/m?.

Demonstration Green Roof at The University of
Melbourne’s Burnley campus has a maximum
capacity of 100 people

Green roofs at the Venny, Kensington are not designed

for people to visit, other than for maintenance purposes.
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2.3 Drainage

Sites for green roofs should be assessed for drainage. Check
whether the site has primary and/or secondary drainage systems
(illustrated in Figure 13).

Primary roof drainage systems may use:

*  box gutters (for near-flat roofs) or eaves gutters
(for pitched roofs)

*  simple waterspouts (also known as scuppers)

*  outlets or box drains built into the roof

These are collector drains that are designed to flow when only
partly full. Primary drainage systems are not designed to remove
all of the water that falls on a roof during exceptionally heavy rain.
A green roof may require a separately plumbed secondary drainage
system, also known as the overflow relief system. For flat or nearly
flat roofs, primary drains are located at the lowest point of the roof:
flow of water into them is promoted by positive drainage.

Secondary (overflow) drains are located at a higher point on
the roof. These are designed to operate in a worst-case scenario
where the primary drains are completely blocked and water
builds up on the roof due to a torrential downpour of rain and/
or a failure of the irrigation system to shut off. Overflow drains
remove accumulated water to a depth that the roof can carry
without becoming unstable, and ensure that the roof weight
loading capacity is not exceeded. For roofs with a very low
parapet, overflow drainage may be achieved simply by flow over
the roof edges, if accumulation of water to this height fits within

Figure 13. Different types of roof drains

Eaves Water
gutter spout
Roof Overflow
outlet drain

Design of drainage systems must be matched to the roof
construction and catchment area

the roof’s design weight loading. The need for overflow relief will
be established by looking at existing performance of the drainage
in conjunction with the historical data on rainfall intensity.

Removal of water from any roof surface is assisted by some degree
of pitch or slope. Even roofs that look flat have a gentle fall to
promote movement of water into the roof drains, to prevent ponding.
‘Ponding’ refers to water that remains on a roof for extended
periods after the end of the most recent rain event (Figure [4).
Recurrent ponding can cause lasting downward deflection of the
roof structure, which over time may reduce the efficiency of
drainage and cause the roof to become unstable. A pitch of at
least two per cent reduces the risk of ponding, and a steeper pitch
means the roof will drain more quickly. Strengthening the roof
construction to reduce deflection may be needed.

When assessing the site and planning for the design of a drainage
system, consider:

*  the amount of rainfall that lands directly on the site, and any
that drains onto it from adjacent roofs or walls

*  length of rainfall event — estimated from historical records
and forecasts of future extreme rainfall events under a
warmer climate

*  the speed at which rainfall will collect at the drains
(determined primarily by roof pitch)

*  the planned capacity of drains, including the drain dimensions
and diameter of gutters and drainpipes

Figure 14. Water ponding on a roof

Ponding

Internal Drain

Accumulation of water on a roof can cause downward
deflection that reduces the efficiency of drainage systems.
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2.4 Existing
structure and size

Consider the quality of the roof or vertical surface — Is it
currently waterproofed?! Does the wall have a surface that needs
protection from vegetation?

Assess the area available — bearing in mind that costs increase
with size. The useable area can be diminished if there are many
windows on a wall or numerous vents and equipment on a roof.

Roof slope — green roofs are ideal on slopes less than |5 degrees
but can be constructed on steeper slopes with special materials.

Water collection and storage opportunities - is there space to
store water on-site? Tanks are usually located at ground level or
in the basement of a building, and an irrigation tank may be co-
located or shared with tanks for toilet flushing. Water storage can
also be built into the design of some green wall systems.

2.5 Access

Evaluation of the site should review accessibility. Temporary
access will be needed for machinery, and delivery and storage of
materials during construction. For green roofs or multi-storey wall
and facade greening, this might involve a crane to lift materials
onto the site.

Consider how people will access the installation for maintenance,
viewing or standing on. This might require stairs, lifts and viewing
platforms for the general public or building tenants. It may also
require balustrades, cables for attaching harnesses and ropes (fixed
fall protection), ladders, elevated work platforms independent of
the building, or swing stages mounted on the top of the building
for maintenance personnel. Access for maintenance to walls and
facades can also be considered from below, in which case space
for a temporary elevated work platform is likely to be required.
Further information about site safety is provided in Chapter 4.

Access for passers-by must also be considered, as there are
regulations against vegetation that protrudes onto public space,
and even in the private realm it is important to be aware of
hazards that can be created for people using the space nearby.

2.6 Nearby
vegetation

The local vegetation adjoining a site can influence design.
If creation of habitat for biodiversity is a desired outcome
for your green roof, wall or facade, consideration of the
surrounding landscape could be useful. However, nearby
vegetation can also be a source of weeds or contribute to
a fire risk and should be included in site analysis.

Good access is needed to deliver materials safely onto a

green roof during its construction. Ease of access to the site
will greatly influence the cost of the installation.
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2.7 Site assessment summary

The table below outlines information that is required in the Other issues can be answered either by direct observation on the
analysis of a site for a potential green roof, wall or facade. Some of  site or through the use of downloadable resources, such as climate
these elements will require specialist knowledge; for instance, the data for the local area from the Bureau of Meteorology’s Climate
weight loading that can be applied to a roof or wall, will require Data Online. The information collected will help determine the
consultation with an architect and structural engineer. design and planning of the green roof, wall or facade.

Table 6. Site analysis requirements

Information to collect during site analysis

Expected maximum and minimum temperatures.

Seasonal Expected rainfall volume and distribution throughout the year
considerations How sun, shade, wind vary on the site throughout the year.
and climate How the height of the building might influence some climatic factors.

Forecasts on how the local climate might change over time.

Assessment of opportunities or risks that nearby vegetation will have on the site - fire threat,

Local environment weed or pest invasion, biodiversity migration.

Load-bearing capacity.

Weight loading Estimated transient loads, particularly wind forces.

Storm water discharge points.

DSnaee Assessment of whether drainage will be sufficient in the case of severe weather:
P Water collection and storage opportunities, opportunities for delivery of irrigation water and for
Irrigation : . . o
co-locating stored water with other grey water systems in the building.
Size of useable roof or wall area.
Existing structure Available space for plants to be grown from ground level upwards.
and size Any slopes or angles to the roof or wall.

Quality of existing roof and wall materials.

Access to site for cranes and other machinery, and for storage of materials during construction.
Access for maintenance and/ or visitors (consider safety such as a parapet on a
Access roof and disability access requirements too).
Access to utilities - water; electricity.
Ensure access for passers-by is not impeded.



http://www.bom.gov.au/climate/data/index.shtml
http://www.bom.gov.au/climate/data/index.shtml

A'concept design for a green roof in Melbourne. Image: Bent Architecture

3. DESIGN &
PLANNING

The most important decisions about a green roof, wall or facade are made at
the design stage.The benefits of the installation, how easy it will be to build and
maintain and how it will operate day-to-day, all depend on the initial design.This

chapter provides information to help develop a well-considered, achievable
design that will work in the long term.
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Along with understanding the site conditions (see Chapter 2), other
important issues to consider at the design stage are:

 overall design outcomes sought from the project

* drainage and irrigation

* maintenance inputs

 sourcing the right information and expertise

* budget

* relevant building industry codes and planning assessment tools
* plant selection and establishment

Consideration of these issues is crucial to the successful design of
a green roof, wall or facade, and should be well thought out before
planning for construction.

o\ \ L/, AR

A range of factors needs to be considered when designing a green roof, wall or facade. This residential green roof in Brunswick, Melbourne, was
constructed over a small area due to budget constraints, and was planted with hardy flowering plants because its purpose was aesthetics with

minimal maintenance. Information was sought from green roof providers and the local nursery, prior to construction. The level of detail needed in the
design and planning stage will depend on the scale of the project being undertaken.
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3.1 Design objectives

The fundamental reason for undertaking a green roof, wall or
facade project needs to be identified up front, as this will influence
the design, construction and required level of maintenance for
the system.When building a green roof, wall or facade on behalf
of someone else it is crucial that the client’s requirements are
understood. For example, a green roof designed for the purpose
of increasing aesthetic value might focus on species of ornamental
significance more so than drought tolerance or low maintenance.
However, the same design might not be suitable for a client who
wants a low maintenance, water efficient installation.

It should be noted that green roofs, walls and facades will be part
of a broader urban green landscape and their design should ideally
ensure that they contribute to the goals for the surrounding
landscape, along with street trees and other forms of ‘green
infrastructure’.

Green roof design goals

The following tables provide some examples of different
considerations needed for different design goals. This is not an
exhaustive list, and it has some very simple considerations: it is
intended only to illustrate that different goals will require different
inputs and system set-ups. Discussions with professional green
roof, wall and facade installers, landscape architects and a review
of relevant research will be needed to make final decisions about
the most appropriate approach.

Considerations

Reduced stormwater run-off

Increase depth and water-holding capacity of substrate, use plants with high

water uptake.

Recreation and amenity use

Lightweight, long-life and no irrigation

Cooling and integration with

Increase weight loading, ensure ready roof access, planning and safety
requirements.

Choose stable, lightweight substrates and components, and high stress
tolerant plants, e.g. succulents.

Select leafy plants, provide irrigation, plant around (but do not shade)

photovoltaic panels solar panels.

Increase substrate depth, provide irrigation, select species for leafy plant cover
in summer (passive heat gain in winter may be increased if the roof is bare in
winter but this strategy increases maintenance and reduces aesthetic benefit).

Maximise thermal insulation

Include habitat plants (usually native/indigenous), habitat features (such as
water and shelter), small changes in topography and variations in substrates.
See 'Green roofs for biodiversity' following.

Provide biodiversity outcomes

Increase weight loading capacity of the roof, and depth and organic content

Produce food of substrate, ensure good access to the site, provide irrigation.
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Green wall design goals

Considerations

A multi-storey green wall

Aesthetics and a desigh statement on
a building

Low cost and easy to install on a
residential building

Provide biodiversity outcomes

Internal green wall

Long lasting wall

Ensure access for maintenance is possible, consider hydroponic system
if weight loading is likely to be a problem, ensure species selection is
appropriate for the specific light and wind exposures at different heights.

Include a variety of species with different flowering times, consider planting in
patterns and consider textures, foliage colours and extending the planting area
beyond the boundaries of the green wall surround.

Consider DIY installations, minimise the size of the system, self-contained units
that recirculate water, systems that can be easily replanted.

Include a variety of species with habitat features such as fruits or nectar-
producing flowers, or a niche design that provides protection from predators
for particular species.

Ensure adequate light — possibly install artificial light.

Consider quality of design and longevity of components.

Green facade design goals

Considerations

Low cost and easy to install

A multi-storey facade greening

Screening of an unsightly view

Maximise thermal benefits

Produce food

Provide biodiversity outcomes

Use a direct attaching species of plant, grown from the ground at the base
of the wall.

Include containers at different heights, include cabling or lattice support
structures for twining plants, ensure access for maintenance, provide
irrigation, consider secondary protection of plants against stem damage,
e.g. wind protection trellis.

Use evergreen species to ensure year-round screening, create a structure for
the plants to grow on.

Use deciduous species if heat gain is desired in winter; ensure very leafy
plants, covering the entire wall for providing best shade in summer; particularly
on north and west facing walls; provide a structure at least 100 mm off the
wall of a building for the plants to grow on, leaving an air gap between the
building and green plants to maximise cooling effect.

Increase depth and organic content of the substrate, ensure good access to
the site, provide irrigation.

Include a variety of species, with habitat features such as nectar producing
flowers, fruits, capacity to support nests, create protected or visually
prominent areas.
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Green roofs for biodiversity

Green roofs that are designed to increase biodiversity should Irrigation may need to be provided during hot dry periods to
feature indigenous vegetation local to the area. Biodiversity ensure greater vegetation success. The vegetation must not
roofs should also incorporate different vegetation layers and create a fire hazard or block drains, so non-vegetated areas

landscaping features to increase opportunities for wildlife to feed around the roof perimeter, drains or other fixtures must be
and shefter These may include hollow logs or twig bundles, rocks,  kept clear.

different substrate types, such as areas of sand or rubble, and
spaces for shelter, such as roof tiles and nesting boxes. If a low to no-maintenance approach is taken for a
biodiversity roof, there must be an understanding that some

The value of green roofs for biodiversity will depend on their  plant species may be short-lived. Species’ persistence can

characteristics and location. In general, larger green roofs on be improved through plants that readily seed and self-sow,
relatively low buildings closer to natural areas will be more or produce underground storage organs (bulbs or tuberous
valuable than small, high green roofs in dense urban areas roots) that are dormant for part of the year.

remote from parks or native vegetation remnants.
Planting a diverse range of species on a green roof is more

In the Northern Hemisphere, biodiversity roofs often have likely to attract a broad range of invertebrates, birds and
only a shallow (< 150 mm) depth of substrate, and receive other wildlife than a monoculture of a single species.
little to no irrigation or maintenance. In most parts of

Australia, the longer growing season and typically hot, dry

summers make it unlikely that herbaceous vegetation on

shallow green roofs could be sustained in the long term.

The Biodiversity Roof at The University of Melbourne’s Burnley The Biodiversity Roof at Minifie Park Early Learning Centre
campus includes a range of substrate types and features to includes plants found in the local area. Image: Jacinda Murphy
provide habitat opportunities for small wildlife. Note that this
image shows the roof soon dfter construction. The plants will
grow larger and less substrate will be exposed over time.
Source: Peter Casamento

Both of these roofs are featured as Growing Green Guide
case studies
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Urban food production

Just as walls and roofs of buildings provide a surface for
greening in dense urban areas with very little ground-level
space, they also represent a possible location for urban food
production.

In some parts of the world large areas of rooftops in inner
urban areas are being transformed into urban farms. More
commonly, roofs are used to house hydroponic or container-
based plots for food production, such as the Pop Up Patch at
Federation Square, Melbourne.

Walls have only been experimented with on a small scale.
Facades tend to lend themselves to the production of food
from climbing plants such as beans or passionfruit.

Some of the challenges to be overcome with rooftop and
vertical food production include:

*  access for harvesting the produce

*  load-bearing capacity that will allow for the
necessary numbers of people and equipment
needed at harvest time

*  ensuring the produce is not contaminated from
pollutants in the air — research is being conducted
on this. Note that research from Germany on urban
horticulture production relates the contamination to
traffic levels and indicates that a building is a barrier to
pollution from traffic, indicating that walls and facades
should be away from heavily trafficked roads but
perhaps roofs will be buffered simply because they are
away from the roadside

*  sustainable water use — food-producing plants tend to
need a lot more water than a number of other plants
typically found on roofs, walls and facades. So it is
imperative that rainwater can be collected, and possibly
recirculated, to irrigate large urban agriculture plots

*  nutrient management — every crop harvest takes
nutrients out of the system, so to keep adequate
nutrition up to food-producing plants, growing substrates
will need to have either a higher organic matter rate
than traditionally used in facades or roofs or more
nutrients will need to be applied to the plants. This will
necessitate close monitoring of run-off to ensure that
the water leaving the site is not polluted.

As the issue of adequate plant nutrition is so crucial to food
production, it is uncommon to see examples where urban
agriculture is practiced on roofs where the layers are loose-
laid, rather than in containers.Where containers are used it
is possible to remove all the growing substrate and replace
completely. In fact, there are some urban agriculture rooftops
where the food is grown on hydroponic systems on the roof
to avoid the need for a growing substrate altogether.

Urban agriculture on roofs and walls can be part of
community gardens, private residences, school farms, social
enterprises or may have potential to be commercial farms.
The scale of the project and intended level of production will
determine how the challenges above are dealt with. Careful
consideration needs to be given to plant selection as roofs
and walls can be much hotter, darker or more windy than
ground sites.

Edible plants in a rooftop garden in Marion, South Australia (Image: Fifth Creek Studio), at the Pop Up Patch gardening club in
Melbourne, and in a trial of vertical vegetables, in Perth, Western Austradlia (Image: Walls Alive!)
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3.2 Planning for drainage and irrigation

Good drainage ensures that the green roof, wall or facade does
not compromise the structural integrity of the building and that
plants are not adversely affected by waterlogged substrate. A
drainage system must effectively remove surface and sub-surface
water from the roof or wall.

While green roofs, walls and facades are able to reduce the flow
and assist in retaining stormwater run-off, it is still necessary to
have drainage systems that can cope with extreme rainfall events
or flooding caused by other factors on the site. See Chapter 2

for more information on drainage systems. All roof drainage
systems (green or otherwise) should be designed to handle the
most intense 60-minute duration rainfall that has a one per cent
probability of being exceeded in one year (in Melbourne, this is a
48.5 mm rainfall event but is subject to change). Green roofs will
not directly increase drainage needs on a roof, however design must
ensure that excess surface run-off can be discharged readily through
the roof drainage system.The components that make up the
substrate will affect the flow of water through a green roof profile.

Irrigation is critical to the success of most green roofs, walls and
facades, and many green walls have a particularly high water
demand. It is strongly recommended that non-potable water
sources for irrigation are explored, particularly for systems/designs
that are water intensive. The likely water demand of vegetation
can be estimated by developing a water budget based on multiple
characteristics of the green roof, wall or facade, including:

*  calculating total water needs based on the ‘landscape
coefficient’ or ‘crop factor' values (see Glossary)

*  evaporation data

»  effective rainfall

*  the capacity of the substrate to store water

A number of horticultural publications provide more information
on these issues, including Growing Media for Ornamental Plants
and Turf (Handreck and Black), Water Use Efficiency for Irrigated
Turf and Landscape (Connellan) and Water Use Classification

of Landscape Species — a method for estimating the water
requirements of landscape plants, based on species, vegetation

density, and microclimate (University of California Cooperative
Extension and the California Department of Water Resources).

Sustainable design of green roofs, walls and facades should
incorporate key principles of water sensitive urban design
(WSUD), particularly to manage stormwater in the landscape,
rather than into the stormwater drainage system. For green roofs
in particular, it is desirable to maximise water retention in the
system for as long as possible, and to send reduced volumes of
high quality (low nutrient) run-off off the roof. Re-use of irrigation
water is useful in green roof, wall and facade installations, where
large volumes of water flow through the system. Treatment to
disinfest and treat run-off water is needed in these situations as
continuous recycling of untreated water can spread soil-borne
disease and/or lead to the build-up high levels of nutrients.

In many green wall installations, water reticulation and reuse is
standard practice.

More specific advice on drainage and irrigation for green roofs is
available in Chapter 5.

This green roof at the Peter Doherty Institute, Grattan Street, Parkville,
functions as a grey water treatment system. Image: Eco Harvest

Laying irrigation pipe at Minifie Early Learning Centre green roof.
Image: Junglefy


http://ucanr.org/sites/OC/files/132534.pdf
http://ucanr.org/sites/OC/files/132534.pdf
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3.3 Designing for maintenance

Design and planning of a green roof, wall or facade must
incorporate an understanding of how the system will be
maintained. Buildings owners and property managers need to
understand what is involved in maintaining the roof, wall or facade
and must be committed to managing it, otherwise the benefits
outlined earlier in this document may not be achieved.

The systems, or assets, created must not exceed the skills,
technologies and resources of those who will be given the
responsibility for their maintenance. There are examples of green
roofs in Melbourne that have been designed which require
complex horticultural management, but the management has
fallen to contract staff with no specialist expertise in green roofs,
and the landscapes begin to deteriorate. This can result in user
complaints and/or the need to replace an asset prematurely,
which is inefficient and unsustainable both economically and
environmentally. It may be that the green roof, wall or facade
provider is best placed to undertake on-going maintenance on a
contract basis.

The person or team with ultimate responsibility for management
of the project/property must be clear about maintenance objectives
and their capacity to undertake them with available resources. All
design options proposed must be fully evaluated in terms of the
maintenance they will entail.

Including ongoing maintenance costs is an important part of the
design considerations, especially from the point of view of the
client, or asset owner.To determine the ongoing maintenance
requirements of a green roof, wall or facade consider engaging
a consultant or contractor with relevant experience. Advice

can be provided on the resources needed to maintain different
design options and the likely expenditure needed to maintain
the materials used. For large commercial projects, a maintenance
impact statement can be provided by the landscape designer.
Alternatively, specify maintenance objectives and standards early,
so that the designer has these in mind to start with. Chapter 8
provides information on common maintenance tasks and the
development of a maintenance plan.

Consideration may be needed for renewal or removal of a green
roof, wall or facade, especially where a temporary or short-term
installation is proposed. The Melbourne Central shopping centre
green wall was designed as a temporary installation, however
with various interventions its life was extended for some years.
Ultimately it was dismantled due to high maintenance costs for a
wall in a position with very limited light. Although roofs, walls and
facades can, of course, be designed from the outset to last for
decades, in some cases they will be designed for a limited lifespan
and therefore the opportunities for renewal or process for
removal should be considered in the design stage.

3.4 Sourcing skills, expertise and

information

Most projects require the involvement of a number of different
trades and skills, and the more complex the project, the more
elements there are to coordinate. It is crucial that a specialist,
experienced, green roof, wall or facade designer is engaged
during the design and consultation phase, rather than at the
end of this process.

Although there are no Australian standards for the specific
purpose of green roof, wall or facade installation, some Australian
building code standards are relevant. International standards that
are often referred to in Australia are the German FLL guideline,
ASTM International (formerly the American Society for Testing
and Materials) and Singapore’s Centre for Urban Greenery and
Ecology (CUGE). See Standards in the References and source
material section of this guide for more information.

The website of Green Roofs Australasia features a business

directory covering aspects of green roof, wall and facade design
and construction. The Landscaping Victoria website provides a list
of commercial and residential landscape contractors, landscape
designers, and landscape service and product suppliers. There
are a number of useful books on various aspects of green roofs,
walls and facades, some of which are listed in the References and
source material section of this guide.

You may need to consult with various professionals, some of
them possibly on an ongoing basis, throughout both the design
and construction phases of your project. For small-scale projects,

a green roof, wall or facade provider will often supply several
services, from engineering to irrigation to project management
and design. In other cases, it will be imperative that the provider is
collaborating with the rest of the design and project management
teams. The following list describes specific areas of expertise involved.


https://greenroofsaustralasia.com.au/
www.liav.com.au
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Project manager

*  Develops a project timeline
*  Manages construction budget and payments

*  Ensures contractors have appropriate registration, licensing,

insurance and working at heights training
*  Manages site inductions for all personnel

Construction manager /
Principal contractor

*  Plans and oversees construction activities
. Engages contractors, or sub-contractors

Architect or landscape architect

*  Designs the project, working with the client to select the

most appropriate system for the site, including consideration

of how it will be managed and maintained in the long term

*  Coordinates planning and building permits, either directly
or through a building surveyor

*  Reviews progress and inspects construction

*  Provides advice on the installation in the context of the
whole site/landscape

Note: architects and landscape architects with experience and
specialised knowledge of green roofs, walls and facades will be
best able to provide conceptual designs and specialised design
of support structures and plantings.

Structural engineer

*  Examines the existing building, or the proposed design for
a new building

*  Determines the structural elements required to achieve
the desired weight loading

Builder

*  Constructs the building, or installs any structural
reinforcement needed in a retrofit green roof project

* Installs any built-in elements associated with the roof, wall
or facade, often in conjunction with the green roof, wall or

facade provider

Building surveyor

*  Reviews and approves building plans

*  Reviews construction for compliance with the regulations

*  Arranges for Building Permits and Occupancy Permits with
local councils

Waterproofing supplier and
contractor

*  Reports on the condition of the existing roof (retrofit), and
recommends the most suitable waterproofing for the project

*  Prepares the roof and installs waterproofing

Leak detection specialist

Carries out leak testing at specified stages of construction,
and as part of regular scheduled maintenance

Horticulturalist

Provides advice on growing substrate

Recommends and sources suitable plants

Seeks specialist advice (for example, arboricultural advice for
tree selection)

Coordinates delivery and installation of plant materials

Green roof provider

Provides design advice to architect/landscape architect (or
may undertake all design work in a small project)

Provides advice on all elements required for the green roof
build

Supplies and installs all green roof elements, usually including
growing substrate and plant materials

May provide advice on maintenance and long-term
management requirements

Green wall provider

Designs and installs the green wall

Provides advice on the most appropriate treatment for
the site, including plant selection, irrigation and ongoing
management

Green facade provider

Designs and installs the green facade

Provides advice on the most appropriate treatment for the
site, including plant selection, irrigation, cabling, trellising and
container-growing systems, and ongoing management

Irrigation consultant / Hydraulic engineer

Advises on a suitable irrigation system during the design
process based on the proposed substrate depth/volume and
water-holding properties

Advises on use of recycled/harvested water, pumps, and
storage tank volumes and configurations

Advises on approaches to sustainable and efficient water
management in the context of the whole site (water sensitive
urban design)

Advises on integration of the irrigation system with the rest
of the building’s water system

Landscape manager /
Maintenance manager

Oversees maintenance contractors
Negotiates and manages contractual arrangements
Allocates budget and resources to maintenance activities
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3.5 Cost considerations

Each roof, wall or facade will vary significantly in terms of cost,
depending on the design site, the system installed and the
construction materials used. Costs can be reduced in small projects
as'‘do it yourself’ (DIY) installations, involving less personnel and
smaller spaces. There may also be economies of scale for large
projects which will bring costs down, especially if there are other
efficiencies in terms of access for construction, and if the build
already lends itself to a green roof, wall or facade.

Generalisations of costs, based on 2013 prices, are provided
opposite, and are indicative only as each project will present
different opportunities and challenges. The case studies included in
this guide (Section 4) provide an indication of costs of particular
installations (at the time of their construction). Up-to-date pricing,
and advice on the costs likely to apply to a particular project

site, need to be sourced from expert practitioners, providers,
architects and engineers.

Construction costs will vary according to some of the following issues:

*  type of structure (and any need for structural
reinforcement)

e design

*  site location, size and access

*  distances for transport

*  storage of materials on or off-site

*  access for mobile cranes, access to goods lifts

*  roof height, dimensions and load-bearing capacity

*  roof construction, complexity of roof design including roof
penetrations

e timing of project, including contract growing of plants

Typical maintenance costs include irrigation water, fertiliser,
replacement plants, weeding and pest and disease management.
Periodic inspection and maintenance of the site, from the irrigation
system to clearing drains to re-tensioning of cables or repair of
loose wall fixings, will be needed. Maintenance costs may include
access costs if, for instance, an elevated work platform is required
(more information on maintenance can be found in Chapter 8).

A design contingency to cover additional costs during the
development of the design of the green wall, facade or roof
should be budgeted for, as should a construction contingency
for unexpected problems arising during installation.

Green roofs

It should be noted that it is significantly cheaper per square
metre to install a green roof on a new building than to retrofit
an existing building, as the structural load-bearing capacity can
be more easily integrated into a new project compared to
augmenting the structural capacity of an existing building.

Notwithstanding this, it is feasible to retrofit many buildings, either
by providing additional structural supports or a new ‘floating’ roof
to carry the green roof.

A small green roof (30-50 m?) with reasonable access would cost
between $150 and $400 per square metre to install. This does
not include:

e design fees

*  planning and building permits

e permits for lifts and cranes

*  demolition or relocation of existing infrastructure on the roof

*  addition of specific hard infrastructure elements, such as
furniture, shade structures, decking, paving, planter boxes or
structures to support climbing or trailing plants

It also assumes that the roof has sufficient structural capacity and
does not require strengthening.

Example costs for strengthening the roof

Existing roofs may require additional strengthening work in order
to accommodate the weight of people, plants, substrate, and other
items. The following rates for strengthening an existing roof can be
used as a guide. Please note that these costs may vary according
to the issues outlined earlier under ‘Cost considerations'.

Strengthen concrete roof

2
slab under trafficable areas $450 -650/m

Strengthen a steel roof $240/m?

Additional column supports

and foundations $2500 to $7500 each
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Example costs of individual components of
green roofs

The following rates for green roof components can be used as a
guide; however, these costs may also vary according to the issues
outlined earlier under ‘Cost considerations’.

Waterproofing

Drainage and protection layers
Growing substrate, plants and irrigation
Edge restraints

Paving, decking, flooring

Balustrading

100,000L tank, pump and associated equipment

$100/m?
$20-30/m?
$100-$500/m?
$50/lin.m

$200- 400/m?
$150-$300/lin.m
$25,000

Green walls

DIY individual wall components for retail sale may be relatively
cheap, at $160/m? for the system and $150/m?for the substrate,
plants and irrigation system.

Green facades

Professionally installed green facades will cost from $400/m?
upwards. DIY facades can be established more cheaply.

Example costs of individual components of
green facades

The following rates for green facade components can be used as
a guide. Please note that these costs may vary according to issues
outlined earlier under ‘Cost considerations’.

Contingencies and other fees

In professional quotes the following contingencies are often
allowed for; in addition to the construction/installation costs
of the green roof, wall or facade:

Design contingency of 10 per cent
Cost escalation of 3 per cent

Construction contingency of 5 per cent

Consultant fees of ten per cent

A professionally installed wall will cost between $1,100 and
$2,800/m? and will often include maintenance visits for 12 months
in the price.

Climbing structure including

2
installation $150-$350/m

Substrate, plants and

2
irrigation in planter boxes $100-150/m

15000L tank including install $10,000

An amount included in a construction budget to cover additional
costs for possible design changes.

Anticipated changes in the cost or price of labour or materials over
a period of time.

An amount included in a construction budget to cover unforseen
situations/costs arising during construction/installation.
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3.6 Planning, regulations and local laws

Planning

The construction of a green roof, wall or facade may require a
planning permit from the local council. At present, there are no
specific planning guidelines or requirements for green roofs, walls
and facades in Victoria, however associated building works may
require a planning permit. Such works may include, for example,
replacement of an existing roof or building new structures such as
handrails, or the supporting structures for green facades and walls.

A planning permit will most likely be required if the building is
affected by a planning overlay such as a Heritage, Neighbourhood
Character or Design and Development overlay.

Other planning considerations include:

*  siting controls, such as overlooking (particularly if it is a roof that
is intended to be used as a space for people to congregate)

*  overshadowing

*  setback requirements

Where mandatory height controls apply, rooftop structures may
be prohibited. Green roofs can be used to meet private open
space requirements in private dwellings. More information about
planning schemes and the overlays in any given municipality is
available from the Planning Schemes Online website. It is also
important to speak to the local council.

Local laws

Compliance with laws of the local council is required during the
building and maintenance of green roofs, walls or facades. Laws
will often address issues related to:

*  management and disposal of waste products, such as pruning
material generated by maintenance contractors

*  management of vegetation considered to be a weed or fire risk

*  management of overhanging vegetation on public land or
that which has a negative impact on lighting or traffic signs

*  drainage over public land

*  use of elevated working platforms or cranes on public land
during construction or maintenance

*  access at street level for people with a disability — consider
encroachment of plants or structures into footpath space

*  access by emergency services — do not impede the safe
egress of occupants in an emergency

Building

Building permits are issued in line with the Victorian Building
Regulations. Although there are no specific requirements relating

to green roofs, walls and facades in the building regulations, a

building surveyor will need to ensure the following aspects are
satisfied before a building permit can be issued:

compliance with siting controls in the building regulations
(for example, distance of set back from the street, avoiding
vegetation protruding onto public space)

appropriate load-bearing capacity of the structure to
accommodate proposed dead and live loads, determined in
a structural engineer's report

management of waterproofing and drainage measures to
ensure the building provides a healthy environment for

its occupants

compliance with fire safety regulations, including fire-fighting
equipment and fire resistance of materials used

safety of access and emergency egress for building users,
including stairways, balustrades, number of exits, distance to
exits, and the provision of ramps for disabled access
compliance with energy efficiency performance standards
for new buildings, including evidence of the contribution

of the proposed green roof, wall or facade to these
performance standards

It is important to make sure that vegetation is managed in a way that
complies with local laws.


http://planningschemes.dpcd.vic.gov.au/
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3.7 Building rating schemes and planning

assessment tools

Property developers should consider the importance to them of
building sustainability ratings schemes as they commission a design
for a green roof, wall or facade. For instance:

*  Public buildings can obtain Green Star points for green
roofs, and other buildings have an indirect way of achieving
points under the category of ‘land use and ecology’, if the
installation is designed with native plant species and a focus
on ecological value

*  Under the National Australian Built Environment Rating

Scheme, green roofs, walls and facades may be able to
contribute to ratings in categories of thermal comfort and
acoustic comfort

* Inthe green building certification program, ‘The Living Building
Challenge’, green roofs, walls and facades may be able to
contribute to building thermal performance, energy efficiency,
and water re-use objectives

*  NatHERS (Nationwide House Energy Rating Scheme) looks at
the energy efficiency of new residential developments, and

green roofs, walls or facades can be designed to improve
efficiency

Melbourne Water's online STORM calculator assesses the

effectiveness of ‘water sensitive urban design’ (WSUD) treatment
measures on a site. This tool is often encouraged by planning
departments of local councils, because Clause 56.07 of the
Victorian Planning Provisions requires treatment of stormwater in
all new housing developments. Green roofs, walls and facades have

the potential to improve STORM ratings because they retain and/
or slow entry of run-off into the stormwater system, and green
roofs reduce the area of impervious roof surface. Local councils in
built-up urban environments are likely to respond more favourably
to building proposals that show an understanding of their water
flows onto and out of a site and have measures to manage these
responsibly.

Other rating systems sometimes applied at local council level
include the Sustainable Tools for Environmental Performance Strategy
(STEPS) tool and the Sustainable Design Scorecard (SDS) aimed

at residential and non-residential developments, respectively.

These tools can be used in the assessment of developments at
the planning permit stage as they provide an indication of the
environmental performance of a given planning application.

Although these Australian tools and rating schemes do not yet
explicitly include green roofs, walls and facades in their range

of treatment options or as a stand-alone category for points,
knowledge gained from local green roofs, walls and facades will
influence their future development. Research will be important to
ensure the thermal, biodiversity and stormwater retention benefits
of green roofs are quantified and modelled. There are examples
of international rating schemes that explicitly rate green roofs,
such as Leadership in Energy and Environmental Design (LEED®) —

the green building rating system developed by the United States
Green Building Council.

The Pixel Building, Queensberry Street, Carlton, created a
native grassland green roof to earn points under the Green
Star sustainable building rating tool


http://www.gbca.org.au/green-star/
http://www.nabers.gov.au/
http://www.nabers.gov.au/
www.nathers.gov.au
http://living-future.org/lbc
http://living-future.org/lbc
http://storm.melbournewater.com.au/
http://www.sustainablesteps.com.au/
http://www.sustainablesteps.com.au/
http://www.usgbc.org/leed
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3.8 Selecting plants

Vegetation choices depend on the purpose and type of the green
roof, wall or facade. A successful green roof, wall or facade planting
will be based on robust, reliable species that are known, or likely,
to tolerate the area’s temperatures, winds and rainfall. Look for
species that perform well in challenging locations: these may be
good candidates.

Ensure that species are not prone to pest infestation or disease.
Avoid species that are an irritant or poisonous, or that are prone
to nutrient deficiency or toxicity. Species that are weedy or that
have weed potential should be avoided.

Plant selection for green roofs and facades is highly related to
growing substrate. It is important to consider how deep the
substrate will be — which, in turn, is determined by the weight
loading capacity of the roof or facade, and the project budget.
The depth of substrate influences the size of plants that can be
grown and, to some extent, how much water will be available for
the plants. Certain types of substrate will hold more or less water
See Appendix A for further information on substrate properties
that influence plant growth.

Substrate is not such a constraining factor for green walls, as these
tend to be engineered to suit the plant species chosen. Epiphytes
and lithophytes, plants that do not require soil, are often used
on green walls and can grow to mature sizes. Even species that
normally do grow in soil can be grown with no substrate through
a hydroponic system.

Plant selection must consider maintenance requirements of
different plants and their desired appearance; for instance,
manicured versus natural. Maintenance needs will be determined
by the preferred look and performance of the end result and a
willingness to meet the costs involved.

Species that are prone to grazing by possums or damage by birds
may not be suitable. Select the most robust species possible, in
keeping with aesthetic and other design aims of the project.

3.8.1 Sourcing Plants

Plants can be sourced from retail nurseries, grown at home, or
ordered on contract from wholesale nurseries for large projects.
Be aware that many retail nurseries do not have experience with
green roofs, walls and facades, but requesting plants with particular
characteristics, as outlined on the following pages, should assist. For
large green roof, wall and facade projects it is important that plant
orders are placed early — wholesale nurseries prefer three to six
months notice when hundreds of plants are required. It is impor-
tant to insist that weed free 'sterile’ growing media is used

in propagation.

Planting tubestock can lower the overall cost of plant materials

for green roofs
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3.8.2 Green roof plant selection

Green roofs are hostile sites. The combination of elevated temperatures, wind exposure and high light provide challenging conditions for

plant growth. Plant selection requires careful consideration of site, microclimate, substrate and maintenance factors, linked to the desired

aesthetic, functional and management outcomes for the project.

A useful way to categorise plant suitability for green roofs is required substrate depth, shown in Figure 15. See also sections on substrate in

the following chapters.

Figure 15. The substrate depth on a green roof influences the plant types that can be used

-

Low growing
succulents

Annual to biennial

plants, herbaceous & turf

Substrate can be as el

shallow as 50—150 mm Substrate deeper than

50 mm

250 mm

Plant selection for stormwater
management

If a roof is designed to soak up water and remove contaminants in
the water during storm events, species that use water effectively
and that accumulate nutrients should be explored. Herbaceous

or shrubby species, which use more water than succulent species,
will be more effective plant choices. While it may seem counter-
intuitive to choose plants that have a higher water requirement
over those requiring less, water may move more effectively from
its landing on the substrate and back into the atmosphere with
herbaceous plants as the interface. In addition, higher levels of
water loss provide greater water movement and increase localised
cooling of the surrounding environment.

Plant selection for aesthetics

If aesthetics are important, then select plant species that will
provide interest throughout the year, and consider both foliage
and flowers. The period after flowering provides interest from
dried flower or seed-heads, for example, Leonotis leonurus,
Agastache rugosa, ornamental Allium species, and native species
Olearia axillaris. Planting in layers, with drought tolerant (seasonally
dormant) species is another approach. Bulbine bulbosa, Senecio
spathulatus, and other short lived species can be added in with
perennial species.

Small shrubs

Substrate deeper than

Small trees

Shrubs up to 2 m

Substrate deeper than

500 mm deeper than | m

Plant selection for drought tolerance

Plants that come from ecosystems with shallow soils, such as rock
outcrops, have been shown to both survive extended dry periods
and make use of the high water available after rainfall and dry out
the growing substrate. Successful species have also been shown to
re-sprout after droughts, offering an ‘insurance policy’ if conditions
are particularly harsh. These species include Dianella revoluta,
Stypandra glauca and Arthropodium milleflorum.

Experience in Melbourne has shown that the succulent species
Sedum xrubrotinctum and Sedum pachyphyllum were able to
survive extreme dry conditions on the unirrigated shallow substrate
green roof at the University of Melbourne’s Burnley Campus
through the summer of 2008-09. Other species that failed under
the extreme conditions of 2008-09 but survived the milder 2009-
[0 and 2010- 1| summers without irrigation were Sedum reflexum,
Sedum mexicanum, Sedum spurium ‘Schorbuser Blut'.

Best results in substrate
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3.8.3 Types of green roof plans

Kleinia mandraliscae

Sisirhynchum bellum ‘California Skies’

Brassica juncea

Low-growing succulents

Succulents, particularly colourful sedums, dominate shallow substrate green roofs across
temperate Europe and North America. Their low growing and/or spreading habits, great
drought tolerance, seasonal flowers and contrasting foliage colours, textures and forms
make them ideal candidates for green roofs. Many will benefit from some irrigation,
particularly during drier months of the year: In projects with no, or minimal, irrigation,
thicker-leaved succulents are the most suitable. Succulents should be planted at high
density (up to |6 per square metre) to provide adequate coverage of the growing
substrate and aid shading across the surface.

Herbaceous perennials

This category includes a range of non-woody plants, many with persistent roots or
underground stems (such as rhizomes and stolons, etc.) that enable the plant to regrow
and persist for many years. The most useful herbaceous perennials for Melbourne green
roofs are those originating from dryland habitats. Flowering perennials are used mainly

for display and seasonal interest, and many indigenous flowering plants used will also have
significant habitat values. Ornamental grasses and grass-like plants, especially those forming
upright tussocks, provide useful contrasts in texture and form and can be managed through
pruning to maintain their shape and habit. Some may have high water needs over summer
and large biomass forms could present a fire hazard in some locations.

Geophytes (bulbs, corms, and tubers) are another group of herbaceous perennials that
can be extremely useful, particularly for seasonal interest and display. Many of the spring
and autumn flowering geophytes are also summer dormant, making them particularly useful
drought ‘avoiders’ over the warmer months of the year: Larger succulents with upright growth
habits are also useful for green roofs, although their mass over time can be considerable.
While many herbaceous perennials can be grown in substrate depths as little as 150 mm,
irrigation will be needed for long-term success at these depths. Some caution is needed in
the use of plants with vigorous rhizomes or stolons (such as some Bamboo species); they
can become excessively dominant and damage green roof profile layers.

Annual and biennial plants

A range of annual and biennial plants can be used successfully on green roofs and tend

to fall into two distinct groups. Quick growing annuals and ephemerals, particularly those
originating from dry and arid climates, can be spectacular additions to display plantings, but
will need irrigation to be sustained for longer periods.Vegetables are the other main group
of annual plants used on green roofs. These require irrigation and a substrate depth of at
least 200 mm. Careful plant selection and maintenance is needed to ensure annuals do not
become weeds on a green roof.
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Stenotaphrum secundatum ‘Sir Walter’

Cotoneaster dammeri

Juniperus sabina

Malus ioensis ‘Plena’

Turf

Some green roofs are constructed specifically to support sports turf. Careful species
selection is needed to ensure outcomes can be met: the surface and play requirements
are much more demanding than for amenity turf.

Sports turf requires a designed soil or growing medium to ensure effective drainage and a
substrate depth of at least 250 mm. It also requires regular irrigation, fertilising and mowing
to maintain sward performance and health. Many facility managers seek expert advice on
the use of sports turf on green roofs to ensure design outcomes and maintenance can be
properly resourced and managed. On smaller scale green roofs, species with excessive vigour,
such as Couch Grass (Cynodon dactylon) and Kikuyu (Pennisetum clandestinum), should be
avoided: their rhizomes can be invasive and may damage waterproofing membranes.

Small shrubs

Shrubs to one metre in height are best used in substrate depths of 250 mm or more.
Small shrubs provide cover, display and habitat values, and often form the bulk of plantings
used on green roofs with deep substrates. Increasing the substrate depth and irrigation will
also increase the range of plants that can be used successfully. Excessively vigorous species
should be avoided unless there will be sufficient maintenance to manage their growth, some
low hedging plants could be in this category.

Shrubs

Shrubs up to two metres high can be used where substrate depths are at least 600 mm.
They provide screening, space definition, ground coverage and seasonal flowers. Like any
plant group, shrubs require careful selection and consideration of their maintenance needs.
Plants with dense, upright habits should only be used where there is minimal wind exposure
and/or significant protection can be afforded to support the canopy and prevent wind
forces. Hedges and screening shrubs will require regular maintenance, including pruning
and removal of biomass off the roof.

Trees

While many small trees (to five metres) can be successfully grown on substrate depths
of 600 mm, depths of 1,000 mm or greater will ensure the best outcomes are achieved.
Trees are dominant elements in any landscape, and on a green roof trees will generally
be stunted in height and spread, when compared to those planted at ground level. The
greater the roof exposure and overall site ‘hostility’, the more important tree selection
becomes. Trees with sparse canopies, flexible stems and high tolerance to heat are best in
areas of high wind exposure, although some form of anchorage will always be needed to
manage them successfully.
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Table 7. Suitable plants for green roofs in Victoria

Highlighted text indicates native species. Provided as a guide only, and should not be considered as an exhaustive list or suitable for all sites.

Low growing succulents

Type

Small and/or thin
leaves

Thick leaves and/
or stems

Examples

Crassula multicava
Sedum mexicanum, S. reflexum, S. sexangulare

Carpobrotus rossii, C. modestus
Disphyma clavellatum
Carpobrotus edulis

Cotyledon orbiculata

Crassula tetragona

Kleinia mandraliscae, K. repens
Lampranthus deltoides

Mesembryanthemum echinatum, M. lehmanii, M.
floribundum

Sedum nussbaumerianum

Sedum pachyphyllum

Sedum xrubrotinctum

xGraptosedum ‘Bert Swanwick’

xSedeveria ‘Pat’s Pink’

Herbaceous perennials

Type

Upright flowering
perennials

Low, spreading
ground covers

Geophytes (bulbs,
cormes, tubers, etc)

Larger succulents
(upright and
rosette forms)

Examples

Brachyscome ciliaris, B. multifida

Calocephalus citreus

Calotis cuneifolia

Chrysocephalum apiculatum, C. semipapposum
Leptorhynchos tenuifolius

Podolepis jaceoides

Rhodanthe anthemoides

Veronica gracilis,V. perfoliata

Vittadinia cuneata

Dichondra repens
Einadia nutans
Eutaxia microphylla
Grevillea lanigera
Kennedia prostrata
Myoporum parvifolium
Senecio spathulatus

Arthropodium milleflorum
Bulbine bulbosa, B. crassa, B. vagans
Pelargonium rodneyanum

Aeonium arboreum
Aeonium haworthii
Aloe mitriformis
Aloe ‘Gemini’

Aloe brevifolia

Wahlenbergia communis, W. stricta
Xerochrysum bracteatum

Achillea cultivars

Agastache species and cultivars
Euphorbia rigida, E. myrsinites

Nepeta cultivars

Pelargonium sidoides

Hylotelephium ‘Matrona’, H. ‘Autumn Joy’'
Hylotelephium cauticola ‘Ruby Glow’

S. nemorosa cultivars

Viola hederacea

Aptenia cordifolia

Cerastium tomentosum

Convolvulus sabatius

Glechoma hederacea

Tradescantia pallida ‘Purpurea’
Thymus pseudolanuginosus, T. serpyllum

Allium species and cultivars
Tulbaghia violacea

Crassula falcata, C. ovata ‘Blue Bird', C. tetragona
Echeveria ximbricata

Echeveria cultivars

Hesperaloe parviflora

Yucca desmetiana
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Herbaceous perennials (continued)

Austrodanthonia caespitosa, A. setacea
Austrostipa scabra
Chloris truncata

Grasses

Deyeuxia quadriseta

Anigozanthos cultivars

Conostylis species and cultivars
Flowering plants D. caerulea, Dianella revoluta, D. tasmanica species
with ‘grass-like’
foliage

and cultivars

Ficinia nodosa

Lomandra micrantha, L. multifida and cultivars
Poa hiemata

Dichelachne crinita
Orthrosanthus multiflorus
Helictotrichon sempervirens
Miscanthus cultivars

Stypandra glauca

Themeda triandra

Armeria maritima
Sisirhynchum cultivars

Iris unguicularis

Liriope species and cultivars
Ophiopogon japonicus

Annual and biennial plants

Examples

Type

Plants for floral
display

Calandrinia eremaea, C. polyandra
Calendula officinalis

Ocimum basilicum

Petroselinum crispum

Salvia officinalis, S. ‘Greek Skies’
Thymus vulgaris

Culinary herbs
and vegetables

Origanum vulgare

Tagetes patula, T erecta
Zinnia elegans

Allium schoenoprasum

With a suitable substrate and irrigation, most
vegetables that can be grown in containers should
succeed on a green roof

Type Examples

Zoysia macrantha
Stenotaphrum secundatum

A ity turf
menity tu Zoysia species
Festuca arundinacea
Sports turf Cynodon dactylon

Pennisetum clandestinum

Festuca rubra ‘Commutata’
Poa pratensis
Lolium perenne

Digitaria didactyla
Lolium perenne
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Examples

Acacia amblygona Helichrysum italicum
Correa glabra, C. reflexa, C. decumbens and cultivars Lavandula species and cultivars
Olearia axillaris Nandina domestica ‘Nana’
Plectranthus argentatus Plectranthus ciliatus, P. parviflorus
(Str:alllnil)lrubs Buxus sempervirens and B. microphylla species and Salvia chamaedryoides, S. microphylla species and
cultivars cultivars
Cotoneaster dammeri Santolina magonica, S. chamaecyparissus, S.
Erysimum xcherei neapolitana cultivars
Gaura lindheimeri species and cultivars Teucrium marum
Callistemon ‘Little John’ Escallonia cultivars
Correa alba Juniperus horizontalis, |. sabina
Eremophila debilis Leonotis leonurus
Shrubs (to 2 m) Grelvillea obtusifolia: G. rosmarinifolia Nandina domes'tica
Lasiopetalum behrii Pittosporum tobira
Melaleuca incana Raphiolepis umbellata, R. indica species and cultivars
Westringia species and cultivars Rosmarinus species and cultivars
Cistus species and hybrids Viburnum tinus

Small trees (to 5 m)

Type Examples

Cussonia paniculata

Acacia cognata cultivars,A. pendula, A. stenophylla Jacaranda mimosifolia
Brachychiton rupestris Lagerstroemia indica xfauerii cultivars
Eucalyptus caesia ‘Silver Princess’, E. dolichorhyncha, Malus ioensis ‘Plena’
E. macrocarpa, E. pauciflora Metrosideros excelsa
Trees Ficus microcarpa var. hillii Pyrus salicifolia
Tristaniopsis laurina Quercus ilex, Q. suber, Q. coccifera
Arbutus species and hybrids Geijera parviflora
Cercis siliquastrum Ulmus parvifolia
Citrus limon Olea europaea Tolley's Upright’ or ‘Swan Hill

Laurus nobilis

Tree-like forms Dracaena draco Yucca gigantea
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3.8.4 Green wall plant selection

Depending on the scale of the wall, plantings can range from ground
covers to larger herbaceous species, shrubs and even small trees.

Plant selection should firstly consider the desired outcomes of
the green wall. Certain plants will be better for aesthetic and
landscape design values, drought tolerance, water purifying, air
filtering or habitat provision. It is important to realise that plant
growth form, sun and shade exposure as well as wind exposure,
is notably different on vertical surfaces compared to a roof or
at ground level. Obtaining specialised advice and visiting existing
green walls will improve understanding of which species will be
best suited.

The selection of species will also depend on the climatic conditions
on-site. Consider the level of natural or artificial light available.

(Be aware that plant selection will require an understanding of
‘photosynthetically active radiation’, the type of light that a plant
responds to, rather than simply a measure of how the human eye
perceives brightness). Select very shade tolerant species to suit the
lowest light conditions. In highly exposed locations, select robust
species that can tolerate sun and wind. Look for species that have
shallow, fibrous root systems to promote strong anchorage in the
limited volume of growing medium available. Recognise that the
tops, corners and sides of the wall will have greater wind exposure.
Investigate species that thrive in exposed conditions, such as coastal
cliffs or inland rocky outcrops.

Larger plants may grow to shade others, so this must also be
considered in the placement of species. External green walls are
often exposed to strong and frequent wind.Vigorous growth
increases maintenance requirements and slow growing plants
are often preferred. However, vigorous species can be used to
create protected niches for the inclusion of sensitive species in
high exposure areas. This can help provide light or shade for other
species, wind protection or humidity conservation. Consideration
of where each species will be placed in relation to others (the
array of plants) helps develop a working artificial ecology on the
wall. Understanding how the ecology will morph as the plants
mature is important, as niches will evolve beneath, next to and
above certain species.

Plant selection must be matched to the particular green wall system
and technology that is being installed. Not all species will grow
well in each system. Some systems might cater well for terrestrial
plant species (and need an appropriate growing substrate); others
have an irrigation/fertigation or growing media system that favours
epiphytic/lithophytic species (plants that do not require soil for
growing and can exist on branches or rock surfaces).

Water requirements can be minimised by selecting species that
are low water users. Recognise that more water may be available
toward the base of a green wall system, so species should be
selected and positioned on the wall with moisture gradients in
mind. If the system recycles water, species selection may have to
cater for elevated salt levels and amended pH levels.

Table 8. Suitable plants for green walls in Victoria

Shrubs

Evergreen
herbaceous
perennials

Herbaceous
ground covers

Ferns

Grass-like
foliage forms

Lilies & irises

Correa cultivars

Escallonia cultivars

Ficus species

Metrosideros excelsa ‘Nana’

Spathiphyllum cultivars
Philodendron “Winterbourn' and
‘Xanadu'

Monstera species

Liriope species and cultivars
Schleffera species

Viola species

Erigeron karvinskianus
Chlorophytum comosum
Peperomia species
Plectranthus species
Rhipsalis species

Bromeliad species

Orchid species

Epipremnum species
Plectranthus ciliatus

Asplenium species
Blechnum species
Davallia pyxidata
Humata tyermanii
Nephrolepis species

Acorus gramineus cultivars
Bulbine species

Ficinia nodosa

Dianella species and cultivars
Dietes species

Lomandra species and cultivars
Ophiopogon japonicus

Arthropodium cirrhatum “Te Puna’
and ‘Parnel’

Arthropodium species and cultivars
Neomarica gracilis

Patersonia occidentalis
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3.8.5 Green facade plant selection

Plant selection for green facades is strongly influenced by the mode
or method of climbing plant attachment. Most climbing plants
attach themselves to a surface or structure in one of two ways
(see Figure 16):

*  Self-clinging — attachment through adhesive suckers, disks
or adventitious roots. These climbers then form a self-
supporting vegetation layer on a solid wall or surface.

*  Twining and tendrils — attachment by twining stems or by
hooking and clasping tendrils (modified leaf/stem organs).
These climbers require a specialised support system and
can produce both upward and cascading (or trailing) stems.

Another group of climbing plants have a scrambling habit and

are known as scandent shrubs. These have no direct means of
attachment and need to be tied and managed onto the structure
that supports them.They may be vigorous and woody in their
growth habit, which can make them difficult to be sustained on

a structure without significant pruning and maintenance (such as
Bouganvillea glabra).

Self-clinging climbers create green facades that can provide effective
and long-term cover but may not be suited for buildings where
the surface fabric is in poor repair. Many self-clinging climbers

will mark a wall surface through their attachment, however this

is rarely seen because of the foliage cover. Excessively vigorous
species such as Common Ivy (Hedera helix) should be avoided
and regular pruning will always be necessary to maintain suitable
plant growth, form and size.

Twining climbers require a support system, such as cable or trellis,
to support their growth habit. These supports may be attached
to the building, or mounted independently. Plant selection needs
to consider the available space for plant growth as the distance
between the wall and the support structure will impact on plant
performance and climate control.

Climatic factors

Species tolerant of low light are required for deeply shaded urban
‘canyons’ while high light tolerance is needed in exposed and
elevated settings. Generally, direct sunlight is considered to be four
hours of sun per day and most species will require at least some
direct sunlight to grow.

Facades can be established in areas of full shade, but the range

of species that will grow in these conditions is limited. Facades

at high elevation, in coastal areas or urban street canyons can be
exposed to strong and frequent wind. Some plant species, twining
climbers in particular, are more tolerant of wind and more mature
plants tend to be more resilient in these environments. Self-
clinging facades may be pulled away from the wall in very windy
conditions. Small-leafed species with strongly attached foliage may
be more suitable on sites prone to strong blasts of wind: large
foliage may be stripped or shredded in these conditions.

Figure 16. Climbing plants used on green facades have different modes of attachment

Self-clinging plants
attach directly to
the building facade

Twining and tendril
climbers can be grown
to cover a building
facade on a cable or
trellis support
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Long-term maintenance

The plant’s lifecycle and growth rate will affect the time it takes for
the facade to establish and the amount of ongoing maintenance
required. Consider the mature size of the species as well as the
level of foliage coverage required. Many climbing species exhibit
early rapid growth but slower mature growth rates. Some green
facade plants, such as Creeping Fig (Ficus pumila), require rejuvenation
pruning to ensure juvenile foliage is maintained. With this species,
adult foliage grows horizontally, does not attach directly to the
building and creates a deeper, denser canopy of woody stems.
While this may provide effective shading and create an insulating
layer of air between the foliage and the building, it is inherently
unstable because this canopy is not directly attached to the building.
Woody climbers need careful selection as maintenance needs often
increase over time, as stems grow larger and thicker and the plant
increases in size: for example, Wisteria sinensis and Vitis vinifera.

Climbing plant species ideal for screening will have multiple
features including:

*  retention of lower foliage
*  high shoot density
*  pendulous leading shoots

Table 9. Suitable plants for green facades in Victoria

*  tolerance of and recovery from severe pruning

(rejuvenation)
*  longevity
*  reliable growth rate

These features contribute to the production of consistent and

uniform vegetative cover.

In their natural habitat, many climbing plants grow upwards

towards the light, by twining or scrambling, and over time, they

lose foliage cover at their base. Such species may be unsuitable as

screening plants in the long term, if they do not respond to hard
(rejuvenation) pruning to encourage new basal shoots, such as

Pandorea jasminoides (BowerVine).

The following table indicates some common climbing plants used

in Victoria, how they attach, their ability to cover an area of facade

— how well they screen (high to low cover) and how fast they

grow (this indicates how much maintenance they require) — and

their light tolerance. Average in the table indicates that they are

not known to be particularly needy of high light nor particularly

tolerant of low light. Note that the mature size will be affected by

the soil volume available.

Species

Akebia quinata Twining
Aphanopetalum resinosum Twining
Cissus antarctica Tendril
Clematis aristata Twining
Clematis armandii Twining
Clematis montana* Twining
Distichtus buccinatoria Tendril
Ficus pumila Self-clinger
Hibbertia scandens Twining
Muehlenbeckia complexa Twining
Kennedia rubicunda Twining
Pandorea pandorana Twining
Pandorea jasminoides Twining
Parthenocissus quinquefolia™* Self-clinger
Parthenocissus tricuspidata™ Self-clinger

Podranea ricasoliana Scandent shrub

Vitis vinifera* Tendril
Trachelospermum jasminoides Twining
Wisteria sinensis Twining

Screening and Growth Rate

Medium cover and growth rate
Medium cover and growth rate

High cover and growth rate

Medium cover and growth rate

Low cover and growth rate

Low cover and growth rate

High cover and medium growth rate
High cover and medium growth rate
Medium cover and growth rate

High cover and growth rate

Medium cover and high growth rate
High cover and growth rate

Medium cover and growth rate

High cover and medium growth rate
High cover and growth rate

High cover and growth rate
Medium cover and growth rate
High cover and medium growth rate

Low cover and high growth rate

Light Tolerance

Average
Average
Tolerates low light
Tolerates low light
Average
Average
Requires high light
Requires high light
Requires high light
Average
Requires high light
Average
Average
Average
Requires high light
Requires high light
Requires high light
Average

Requires high light

*deciduous
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3.9 Designing for plant establishment

Good plant establishment is critical for the long-term health and performance of plantings in green roofs, walls and facades. In the design

stage this includes consideration of multiple factors, including:

Use of high quality
planting stock

Plant production in a
high quality growing
medium

Working in with
seasonal conditions

Establishment irrigation

Weed control

Stock that is too advanced or has overgrown its containers has high water

needs and can be slow to establish on a site. Planting stock should be of an
appropriate size to achieve the aims of the project, in terms of growth rate
and coverage. It should also be completely free of weeds, pests and disease.

In some cases using a medium with similar physical properties to the final
growing substrate will assist in promoting plant growth.

In most situations planting is best completed between autumn and early
spring. This will assist plant establishment and growth, well before the
warmer and drier conditions of summer.

Allowance should be made for suitable irrigation, usually for a minimum of
six months, to avoid moisture stress and to promote plant growth across
the site.

During establishment, weeds will compete vigorously with designed plantings
on a green roof, wall or facade. Weeds must be controlled until the plantings
achieve the desired growth rates and/or coverage.

Further information about vegetation can be found in Chapters 5, 6 and 7.

Plants will often establish best on-site, and should not be planted High quality plants should be sourced, ideally grown in a medium with
when they are large as they will grow to cover the site over time similar properties to the growing substrate they will be planted into



Construction of a green roof, Docklands. Image:ASPECT Studios

4. BUILDING &
INSTALLATION

GENERAL ADVICE

This chapter provides general advice about building green roofs, walls and
facades, including occupational health and safety, insurance considerations and
what to expect at project completion on a large-scale job which has a project

manager and several consultants.
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Advice

4.1 Occupational Health and Safety

As for all construction work, the construction (and maintenance) of green roofs, walls and facades is subject to the Victorian
Occupational Health and Safety Act 2004. This Act governs all Victorian OH&S laws and codes of practice and sets out the key principles,
duties and rights in relation to OH&S.The hierarchy of regulation in Victoria is shown in the diagram below.

Figure 17. Occupational Health and Safety legislative framework in Victoria

Victorian Occupational Health and Safety Act 2004

Occupational Health and Safety Regulations 2007

Compliance Codes Worksafe Victoria Positions

Guidance materials available from WorkSafe Victoria inform
duty holders on how to comply with Victorian OH&S legislation.
Consultants can also provide advice on ensuring OH&S
requirements are met.

Note that National Workplace Health and Safety codes and
guidance materials have no legal status in Victoria.

High-risk construction work

Some construction projects involve high-risk construction work
and additional regulations govern management and procedures in
such cases. High-risk construction work is of particular relevance
to the design, construction and installation of green roofs, walls
and facades as it is likely to involve work:

*  where there is a risk of a person falling more than two metres

. on or near electrical installations or services, for example, the
possibility of drilling into a wall containing live electrical wiring

*  at a workplace where there is any movement of powered
mobile plant, for example, working in an area of a
construction site with moving skid steer loaders, telehandlers,
backhoes, mobile cranes or trucks

Materials handling and storage

As on any building site, the materials used to construct a green
roof, wall or facade should be delivered in a timely way to
meet construction schedules. Consideration must be given to
where materials will be unloaded and stored and how they will

OHS Compliance Framework WorkSafe Victoria Policies

be moved to and from site. Secure storage and safe handling
of materials on-site may be needed. For safety reasons, a roof
must not be used for materials storage when a green roof is
being constructed, as it is a building site and must be managed
for weight, access, security of materials and safe movement of
personnel.

Working at heights

The design and installation of all green roofs — and many green
walls and facades — involves work at heights. The associated risks
and responsibilities must be managed through a combination

of training and safety features on the site including the use of
barricades, railings, or other fall arrest systems, such as ropes and
harnesses.

Consult the WorkSafe Victoria Compliance Code ‘Preventing Falls
in General Construction’ with regard to specific OH&S issues
associated with working at heights and management solutions.
Wherever possible, the risks and hazards of working at heights
should be removed or reduced and the design team must
consider these as part of project planning.

Safety in Design legislation

A Safety in Design risk assessment or workshop should be
undertaken with the design and construction team/s to identify
risks and determine the actions necessary to remove or reduce
the likelihood of occurrence and severity of these risks.
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4.2 Insurance and system warranties

The scale, complexity and overall cost of a green roof, wall or
facade will determine whether insurance and warranties are
relevant. Aimost all professionally-installed projects will include
them; smaller; DIY projects may not.

Until the local industry is further developed, it may be beneficial
to consider insurance companies with a global reach that

gives them relevant understanding and experience. Commercial
insurer FM Global provides useful specifications for green roof
design, installation and maintenance that can be used as a risk
management tool during design and planning.

The warranty for a green roof, wall or facade will be straightforward
if an established installation company, or a contractor licensed by that
company, installs a proprietary system. Under these circumstances,
the parent company should provide a warranty against failure of
any or all of the components. Custom-built green roofs, walls or
facades, with mix-and-match components, or multiple providers,
may not be as straightforward to warrant or insure.

Waterproofing is more likely to be warranted separately if it is
installed by a third party. However, the company supplying and/
or installing the waterproofing may not take responsibility for
breaches of the membrane that occur after it is certified as
watertight, if they have no ongoing involvement with the project.
Ensure there is clarity around the warranty conditions.

The client usually has the option to negotiate a defects liability
period with the contractor The contractor will be responsible for
repair of defects that appear within an agreed period of time after
project completion and may have responsibility for defective work
beyond the product warranty period. Warranties may be waived if
a DIY approach is undertaken with the product.

4.3 Project completion

Contractors and sub-contractors must provide necessary
certifications at the completion of their work. At handover, the
project manager will provide documentation of all necessary
inspections and relevant certifications to the building owner.
These should include:

e warranty on waterproofing

*  drawing showing ‘as built' planting (the actual planting may
have varied from the design drawings)

*  certificate of completion from a registered building inspector

»  certificate of electrical safety from a licensed electrician
(if relevant)

»  certificate of occupancy (if relevant) from a building
inspector/local council — this will relate mainly to safety and
access requirements, including step heights and access points

Operational manuals must be handed over to the owners and/
or contractors who will be engaged in operation or maintenance
of the site. This must include the setting of an agreed time for any
initial or ongoing training in the operation of systems installed on
the site. Provision of funds for such training should be included as
a contingency item in the budget during the design phase.

Maintenance or operational manuals may include:

*  aplanting maintenance plan
*  anirrigation operations manual
*  schedules for cyclical maintenance

Maintenance is discussed in more detail in Chapter 8.



Green roof at the Museum of Old and New Art, Hobart: Image: Pad Creations

S. BUILDING &
INSTALLATION

GREEN ROOFS

Once the planning and design stages of a green roof are complete, well-planned
construction can deliver the project objectives. This chapter provides specific
information about how to construct a green roof.
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Constructing green roofs

Green roofs are built up as a series of layers, with each performing ~ The role of each of these components is outlined in the

a specific function. The most typical build-up is shown below and following pages. This chapter also covers other elements that
includes: may be incorporated into a green roof system, or are relevant to
«  the roof structure (roof deck) construction of a green roof, such as:
*  waterproofing layer *  leak detection systems
*  protection layers (including the option of a protection mat e thermal insulation
and/or root barrier layer) e irrigation
*  drainage layer e greening in windy environments or on a pitched roof
o filter sheet *  hard landscaping elements
*  growing substrate
. vegetation Specialists in green roof design and installation can provide

advice on the most suitable system and the most appropriate
construction approach.

Figure 18. Layers of green

@ Vegetation Layer

Growing Substrate

Filter Sheet

Protection Mat

Root Barrier

Waterproofing

Roof Deck

A green roof contains plants that are grown in a layer of substrate varying in depth from a few centimetres to well over a metre. The growing
substrate is usually composed of a high proportion of mineral particles with a long lifespan, with a small proportion of organic matter. A filter sheet
retains the substrate and prevents washout into the underlying drainage layer. A protection mat and a root barrier may be installed to prevent
damage to the underlying waterproofing membrane that covers the roof deck.
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5.1 Roof deck

Green roofs can be installed on roofs made of concrete, timber,
sheet metal (usually clip-lock, or corrugated galvanised steel) and
a range of other materials. However, it may be difficult to obtain
insurance for green roofs installed on roof decks made from
materials other than structural concrete or metal. Green roofs
are most commonly installed on concrete roof decks because of
structural integrity, ease of design, durability and amenity when
complete. See Chapter 5.12 Slopes and wind protection for
specific considerations relating to pitched roofs.

Greening a tiled roof requires special treatment. A green roof
cannot be installed directly on a tiled roof. If the building has
adequate load capacity, or if structural reinforcement and a support
system can be incorporated into the design, a green roof may be
constructed as a self-contained waterproof module that sits above

the existing roof. Drainage from the green roof must connect
directly into the lower level roof drainage system. It may be more
economical to replace the roof to make it suitable for a green roof.

The components installed on the roof deck will be either loose-
laid over the roof surface or installed as modules that connect
together to form a continuous effect. Individual containers that

are separately placed on a roof deck are considered a roof garden
rather than a green roof, and because they do not cover a significant
proportion of the roof they do not provide most of the benefits
associated with green roofs.

[t may be necessary to remove or relocate existing infrastructure
on roof decks, or the green roof can be built around the equipment.

Roof decks can be flat or pitched, and they are commonly made of metal or concrete
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5.2 Waterproofing

A watertight roof is critical to successful green roof construction.
While some roofs are intrinsically waterproof when built, most
will require some form of treatment to prevent water entry into
the building. Waterproofing treatment must provide a strong but
flexible layer that allows expansion under physical or thermal
movements of the building structure, without compromising
watertightness.Vegetation generally should not be installed over
areas such as expansion joints, where regular inspection of the
waterproofing will be necessary.

Advice should be sought from a specialist waterproofing
manufacturer to find the most suitable type of waterproofing
treatment for the roof structure and the proposed green roof
design. The manufacturing and installation of waterproofing
membranes should comply with Australian Standards (see
Chapter 6.2 for more information).

In Australia, waterproofing is likely to be installed by a third party
waterproofing contractor. The involvement of an independent
contractor means that a clear agreement between all parties
must be established for responsibility of the waterproofing
membrane once it has been installed and certified as watertight.
An independent leak detection specialist should test the
waterproofing after its installation, and again after the green roof
build-up is installed, prior to handover (see also Chapter 4.3).

The following tables contrast the two major types of
waterproofing — liquid applied treatments and preformed sheets:

*  Liquid applied treatments can be composed of bitumen
emulsions, modified bitumen, polymer cement systems,
polyurethane, polyurethane modified acrylic, acrylic or two-
part polyurethane hybrid elastomers that require mixing
prior to application.

*  Preformed sheets are asphalt-based or comprised of
thermosetting polymers or thermoplastic polymers.

Preformed waterproofing may suit green roofs with gentle slopes
and large uninterrupted areas. A green roof with many fixings
onto the roof deck or penetrations, such as for lighting, power or
ventilation, may be more suited to liquid applied waterproofing
that is sprayed on or rolled on to form a cohesive single layer

Waterproofing membranes must be protected from physical
and chemical damage. This includes cuts and tears, the action of
invasive roots and rhizomes, and exposure to the elements. All
membranes will become brittle over time, and this is accelerated
by exposure to cold, heat and UV rays from sunlight. A green
roof will shield the membrane from damage and can significantly
lengthen its life. Some preformed membranes have a surface
coating that provides additional protection.

Ensure that the waterproofing material is certified root resistant,
suitable for the substrate, and installed by experienced, trained and
certified professionals.

Root resistance may be built into waterproofing membranes
either by the addition of root-inhibiting chemical treatments,

or because the composition of the membrane provides an
impenetrable barrier to root growth. Root resistant waterproofing
is quicker to install than separate waterproofing and root barrier
layers, but can be more costly. Examples include certain types of
ethylene propylene diene monomer thermosetting, thermoplastic
PVC and thermoplastic polyolefin membranes; however, the root-
resistance of a product must be confirmed with the manufacturer,
with certification provided.
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Table 10. Common waterproofing treatments

Liquid applied waterproofing treatments

Suitability

Advantages Disadvantages

*  Pin-holes may develop on poorly prepared

e Seamless
roof surfaces?

Complex designs with »  Often trafficable .
P g, . . *  Solvent-based treatments become brittle
many upstands', corners *  Flexible and capable of elongation . , .
over time and with exposure to sunlight and
or curves »  Easyto apply

high temperatures

»  Tolerant of some degree of surface «  Root resistance

Roofs where access imperfection . . .

, . , . I *  Not easy to ensure uniformity of thickness
for sheet installation »  Easily repaired by re-application over .
L *  Not recommended for use in permanently
is difficult breaches

wet conditions, as

* Bonded to the roof they absorb moisture and soften over time

Preformed waterproofing sheets

Application
methods

Advantages

Disadvantages

composition

Loose-laid

Fully bonded
Asphalt-based “torch-down’

Partly bonded
Thermo-plastic Fully bonded
Thermo-setting Fully bonded

Loose-laid membranes quick to install
compared to bonded.

Fully bonded more resistant to wind
uplift than partly bonded.

Fully bonded recommended by some
green roof installers and lower risk of
uplift makes insurance easier to obtain
Easier to locate leaks with precision
with fully bonded membranes.

More resistant to wind uplift than
loose-laid.

UV stable and weatherproof

Seams can be welded with heat or
solvent’; or heat only*

Bonding of membrane to the roof with
heat, solvent, water-based adhesive, or
tape reduces risk of wind uplift

PVC membranes are breathable, and
well suited for bonding to the roof
deck with glue or tape adhesives

PVC, thermoplastic polyolefin, ethylene
vinyl acetate and ethylene butyl acrylate
membranes are likely to be classified
as root resistant: check manufacturer's
specifications

Mechanical fastening to the roof deck
may be suitable for some applications

Ethylene propylene diene monomer
(EPDM) and Butanoyl® membranes
are likely to be classified as root
resistant: check manufacturer's
specifications

UV stable and weatherproof: long lifespan
Bonding with glue or adhesive tape
reduces risk of wind uplift

*  Loose-laid not recommended if high
risk of wind uplift

*  Soft structure means membranes
are usually not trafficable, UV
resistant or root-resistant.

*  Prone to failure and root
penetration along seams due to
softness of composition

* Installation requires a high degree of
skill to ensure high quality detailing
of seams and around upstands'.

*  Become brittle over time through
exposure to sunlight, heat and cold.

*  With classes of membrane other
than PVC, condensation of moisture
may soften glue or adhesive tapes
used to attach membrane to the
roof deck, increasing risk of wind
uplift

»  Condensation of moisture may
soften glue or adhesive tapes used to
bond waterproofing to the roof deck

+  Carbon content of EPDM/Butynol®
membranes makes them intrinsically
electrically conductive and therefore
unsuitable for electronic leak
detection

"Upstands are structural penetrations from the roof such as vent pipes that will need to have the waterproofing layer brought up (‘dressed up’) around
them to terminate above the level of the substrate.

2Note that the waterproofing consultant must certify that the roof is fit to receive the membrane prior to installation.

*Thermoplastic polymers composed of chlorinated polyethylene, polyvinyl chloride (PVC), thermoplastic polyolefin, ethylene vinyl acetate and ethylene
butyl acrylate.

*Thermoplastic polymers composed of ketone ethylene ester:
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5.3 Protection layers

Root barrier

Root barriers are often used in green roofs to provide some
protection to the waterproofing from invasive stolons, rhizomes
and from woody roots from trees and shrubs. The most common
root barriers used are thin polyethylene sheets, laid over the
waterproofing membrane. These may not be required if the
waterproof membrane is certified as root-resistant. Thicker,
welded root barriers will be needed for green roofs involving
trees, bamboo or other vigorous, spreading grasses.

[t is important to check the compatibility of the product with
bitumen and polystyrene, especially where there is direct contact
with a bitumen-based waterproofing or polystyrene insulation. The
root barrier must also be resistant to the humic acids produced
when plants decompose.

Separation sheets are sometimes installed between the
waterproofing and root barrier to provide additional protection
and separate materials that are not compatible. These are typically
HDPE sheets laid directly on the waterproofing.

Protection mat

Protection mats or boards are used to protect the waterproof
membrane from damage following installation. The most common
materials used are water-permeable, hard wearing and dense
synthetic fibres, polyester and polypropylene.

Protection matting is installed directly on the waterproofing layer
(for root-resistant membranes) or atop the installed root barrier
layer; providing further (uncertified) protection against root
penetration and doubling as a separation sheet. The protection
matting may provide some noise-absorbing capability. It can add
to water retention on the roof, although the amount varies (from
3 1/m?to 121/ m?) and is only really useful on slopes below 15
degrees. A range of different products are available, reflecting
the required functions, and apart from the material itself vary
according to thickness (3 mm to 20 mm), fibre density and mass
(320 g/m? to 1500 g/m?).

Protection mat sheeting should be installed with overlaps of 100
mm and some products have rubber backing that requires gluing
in situ. The product should extend |50 mm above the finished
surface of all upstands (such as vent pipes, chimneys and other
roof penetrations) to ensure complete roof protection.

Plant roots can be very destructive, as shown by this image of tree roots
causing severe cracks in bitumen paving.A root barrier on a green roof
can protect the underlying layers

A protection mat is laid to protect the waterproofing layer on a green roof
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5.4 Drainage layer

Good drainage is critical for green roofs and ensures that large
amounts of water are not retained on the roof, compromising
both the structural integrity of the building and plant health
through waterlogging and oxygen-depleted substrates. Sub-surface
run-off must drain efficiently from the substrate, into the drainage
layer, off the roof surface, and into drains to the stormwater or
rainwater collection. The growing substrate must be kept separate
from the drainage layer with a filter sheet.

Older green roofs often used a permeable layer of rock aggregate
(such as scoria or gravel) for drainage. The clay and sift content

of materials used in a rock aggregate drainage layer should be
<10 per cent by mass.The rock aggregate should also have a
suitable pH and be low in soluble salts to ensure plant growth is
not adversely affected. This form of drainage is heavy and does
not allow for air pruning of roots, which is now achieved with
plastic drainage cells. However, in some situations, rock aggregate
drainage does a better job controlling peak flow.

On modern, lightweight, green roofs, plastic drainage sheets

or boards are the preferred drainage materials. Plastic drainage
layers may be rigid, open mesh structures that allow unrestricted
drainage of water, or they may have a cup-style,‘egg carton’ design
that enables water to be stored at the base of the profile (see
image below). The advantage of the latter is that water can be
stored and used later by the plant. The volume of water that can
be stored varies with each product and the size and packing
density of the cells.

Drainage is installed as a continuous layer over the entire surface
of the green roof. Cup-style drainage sheets should be overlapped
to eliminate the possibility of gaps being created between sheets.
Other plastic drainage types should have adjacent sheets butted
together: Very rigid drainage layers should be installed in trafficable
areas of the green roof to avoid compression of the layen

An eggcup-shaped drainage layer retains some water. Image: KHD
Landscaping Engineering Solutions

5.5 Filter sheet

A filter sheet acts to retain the growing substrate, by preventing
wash-through of the substrate particles into the underlying layers,
and to prevent clogging of holes in the drainage layer. Filter fabric
is sometimes referred to as geotextile fabric.

Considerations in the selection and use of filter sheets include:

*  the expected flow rate of water as it drains through
the system

e substrate type — if components of the substrate have sharp
edges, the filter sheet should be strong

*  vegetation type — the filter sheet must allow penetration of
roots, and certain roots will be more or less aggressive (for
example, herbs versus trees roots)

The filter sheet can be either a woven or non-woven material.

A non-woven material is preferable as it is more resistant to root
penetration and can sometimes be used as a root barrier system.
The filter sheet is not weatherproof and should not be exposed
to sunlight for any length of time, and it should therefore be laid
immediately prior to the installation of growing substrate. At
boundaries or edges of planting beds, the filter sheet should be
installed with upturns to at least the same height as the top of the
growing substrate (see image below).

. " A ﬁl

A layer of filter sheet will prevent substrate dropping into the drainage

layer. Enough filter sheet is set down over the roof so that at the
vertical edges of the planting beds the sheet will be the same height
as the substrate
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5.6 Growing substrate

The growing substrate supplies water and nutrients to plant roots,
ensures gas exchange at the roots and provides anchorage to
support plants.

Growing substrates for green roofs are typically composed of

a mix of inorganic (mineral) and organic components.They can
include scoria, ash, pumice, sand, coir; pine bark, porous, chemically
inert foams and even recycled materials such as crushed bricks,
and roof tiles. Organic matter is usually kept to a low proportion
(typically 20 per cent or less) because it has a relatively short
lifespan, degrading and slumping over time, and may become
water repellent and difficult to re-wet if it dries out. The physical
and chemical properties of the substrate mix, together with

its depth and total volume, influences what vegetation can be
supported on the green roof.

A substrate should:

*  have a known saturated weight loading, that forms part of
the structural load capacity of the roof; this is referred to as
the saturated bulk density

*  drain freely, to reduce waterlogging and prevent inundation
during heavy rain, but also retain adequate water to sustain
plant growth outside of heavy rain events

*  be stable over time, usually achieved by using a high
proportion of mineral components and a lower proportion
of organic components.

3: Scoria 20 cm

2: Scoria 15 cm

1: Scoria 10 cm

Soil is generally not used on green roofs, as its properties will
be less well known compared to an engineered substrate, and
therefore its longevity and suitability is harder to judge. Also,
silt particles from soil can clog filter sheets and cause drainage
problems.

Installers of green roof systems will be able to arrange the supply
of a suitable substrate mix. Appendix A provides more information
on substrate characteristics.

Transport and installation of growing substrates requires
consideration in the pre-construction planning process. Most can
be installed by either lifting bulker bags by crane or ‘blowing’ from
a truck-mounted hopper; although each project will have its own
specific considerations. See the Substrate Installation box following
for more on installation.

A range of mineral and sheet mulches can be used successfully
on green roofs but need to be considered carefully. Organic
mulches, particularly fine materials, are generally unsuitable for use
on green roofs as they can be easily blown off the roof, degrade
rapidly, block drains, or create a fire risk in hot dry conditions.
The saturated bulk density of any proposed mulch layer must

be included in the weight loading calculations for the green roof
build-up.

~—. 11: Crushed Roof Tile

8: Scoria 20 cm

a9: Scoria 15 cm

10 Scoria 10.cm

The University of Melbourne’s Burnley campus has a demonstration green roof with four distinct growing substrates. These are based on recycled

crushed roof tile; bottom ash from coal-fired power stations in NSW; scoria quarried locally to the west of Melbourne; and an ash-based mix with a
high proportion of composted pine bark. Substrates have been installed at different depths to compare the effects on plant growth
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Substrate installation

On large green roof projects, growing substrates can

be installed by crane or by ‘blower’. Substrate may be
delivered in multiple bulker bags, typically of one cubic
metre capacity, although a larger crane lifting bags of
greater volume may be possible if site access permits. Care
must be exercised in point loading of substrate on to the
roof and movement across the roof (see Chapter 4.1).

‘Blowing’ a substrate involves the use of a compressor
pump and hose to blow the substrate up to the roof.
Sometimes substrates that are ‘blown’ onto a roof

will have altered properties (due to finer particles
aggregating during the process) and may need re-mixing
on the roof to ensure success.

Growing substrate should be delivered before the day
it is to be installed and stored as closely as possible

to the crane, with clear access for the forklift or other
machinery that will transport it to the crane lifting point.
Growing substrates should be installed with minimal
handling and be ‘moist’ to reduce the release of fine
particles into the air. Appropriate personal protective
equipment should be worn: gloves, dust filter masks,
safety glasses and hardhat.

Bulker bags of substrate moved around the site, at ground level,

prior to being lifted by crane at the demonstration roof at The

University of Melbourne’s Burnley campus

Substrate was blown onto the green roof in the City of
Monash, Glen Waverley. Image Junglefy

S.7 Vegetation

A range of planting stock can be used for green roofs,
including seed, cuttings, seedlings, tubestock and larger
containerised plants. See Chapter 3 for information on
species selection.

Planting is best completed in autumn and winter to assist
plant establishment before summer. Irrigation should be
provided while the plants establish. Depending on the
time of year and rainfall, establishment irrigation could be
required for up to six months.

It is helpful to acquire container-grown nursery plants that
have been grown in the substrate they are to be planted
into; otherwise, reduce the amount of potting mix held
around the roots when transplanting into the green roof.

Controlled release fertiliser (CRF) can be added to

the growing substrate or applied after planting is
completed (top dressing). Careful consideration of rates
and application methods is needed to ensure proper
distribution and to limit any rapid discharge of nutrients
(more information on plant nutrition is provided in
Chapter 8).

Trees planted on green roofs will require a deep substrate
as well as anchorage to prevent wind-throw.Various
anchorage systems are available as illustrated in Figure 19.
Tree bracings must be checked regularly to ensure they
are functioning as specified, and not causing damage to
the tree.Trees will require construction of a tree ‘pit’in the
substrate to house the tree roots: this needs to be deep
and wide enough for lateral root growth to ensure tree
stability. Consult an arborist for specialist advice.

Contract grown plants

Plants can be sourced from retail nurseries or grown

at home for small projects. Generally, plants for larger
projects will be grown to a contract with a wholesale
nursery. Contract growing lead times may range from
several months to more than a year, depending on

the type of vegetation that is required. The growing
contract will specify a date for completion and delivery

of plants. It should outline the terms and conditions of a
further holding period, for instance, if the planting date is
postponed because of delays in construction. Ensure plants
purchased are weed and pest free — look for nurseries
with good hygiene. If in doubt, remove the top centimetre
of growing medium to reduce the weed seed bank.
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Figure 19. Tree anchoring systems
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5.8 Thermal insulation

In some cases, a green roof may include thermal insulation,
typically a layer of extruded polystyrene. While this can

be positioned below the roof deck, installation above the
waterproofing (known as an inverted green roof) is preferred,
as it further protects the membrane from condensation and
physical damage. Advice should be sought from a building

energy consultant to establish the value of additional insulation,
considering the insulating properties of the green roof assembly,
substrate and vegetation. Research has been conducted into green
roof insulation values in Adelaide and can be found at the Building
Innovation Fund website of the South Australian Government.


http://www.sa.gov.au/subject/Water,+energy+and+environment/Climate+change/Tackling+climate+change/What+organisations,+business+and+industry+can+do/Building+Innovation+Fund
http://www.sa.gov.au/subject/Water,+energy+and+environment/Climate+change/Tackling+climate+change/What+organisations,+business+and+industry+can+do/Building+Innovation+Fund
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5.9 Leak detection

Leak detection is carried out when the waterproofing installation is complete. There are three methods typically used for testing the
effectiveness of the waterproofing layer on green roofs:

Is suitable for electrically conductive and electrically grounded roof decks such
. . as steel and reinforced concrete roofs. EFVM® can be used on wooden roofs or
Electrical field vector precast concrete slab roofs if a conductive layer of metal foil or mesh is applied
mapping (EFYM)® to the roof deck before the waterproofing layer is installed. The decision to use
EFVM® must therefore be made at the design stage.

Is used for preformed waterproofing membranes. The membrane is perforated

at the lowest parts of the roof deck to check for the presence of any water

beneath the membrane. The penetrations made through the waterproofing must
Destructive testing then be repaired to restore the membrane’s integrity. Destructive testing may

be the only method that can be used on older existing green roofs. For new

projects, EFVM® should be considered during design, as it is simpler, safer and

non-destructive of the waterproofing system.

Is suitable only for flat roofs with slopes of up to 2 per cent. Flood testing
involves temporarily blocking the roof drains and flooding the roof membrane
with a known depth of water for a set period of time. The weight loading of the
roof must be checked against the weight of water that will sit on the roof during
the test. This ensures that the structural integrity of the building

is not compromised.

Flood testing

It is advisable to perform an additional leak test prior to
installation of the growing substrate if significant time has
elapsed since the waterproofing was completed, or if there
has been construction activity or other traffic on the roof.
The repair of leaks presents a greater challenge once the
growing substrate and vegetation are installed. However,
EFVM® leak detection should be performed at this time
(project completion). It may also be carried out prior to
the expiration of membrane warranties.

Electrical field vector mapping: An electric field is created by
applying water on the surface of the membrane and using
the water as a conductive medium. The EFVM® equipment
delivers a low voltage pulsating electrical charge between the
non-conductive waterproofing membrane and the conductive
structural deck. Source: International Leak Detection Australia
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5.10 Irrigation

An irrigation system is highly advisable on green roofs: to extend
plant species selection options, to improve plant growth rates and
increase long-term vegetation success — thereby ensuring aesthetic
and environmental (such as building cooling, stormwater reduction)
outcomes can be achieved. Planning for irrigation on a green roof
should consider the site layout and conditions (access, exposure),
type of plants, climate and water supply issues (pressure, quality,
etc.). Substrate properties and depth are also important as they
influence water infiltration, holding capacity and drainage. In most
cases, irrigation design will be heavily influenced by the nature of
the water supply resource (for example, harvested vs. potable water)
and a water budget should be used to guide not just irrigation but
also plant selection (see Chapter 3).In larger green roof projects,
irrigation is best undertaken by a specialist consultant to guide
system design, component selection, installation and maintenance.
Table || provides an outline of different options for irrigation of
green roofs.

Automatic systems

If an automatic irrigation system is to be installed on a green roof,
consider a system that incorporates a rain sensor that shuts off
the system in the event of rainfall above a certain threshold. This
removes the risk that the roof loading may be compromised if the
irrigation system is running during a heavy downpour: Even automatic
systems require regular physical checks and operation tests.

Low irrigation

It is important to understand that, while some succulent species
can survive on rainfall alone, plants that experience moisture stress
will decline over time. This leads to a loss of vigour, leaf shedding,
canopy reductions and ultimately plant death. Plant failure means
more water run-off from the roof, less transpirational cooling

and more opportunities for weed invasion. As such, irrigation is
advisable. However, if designing for very low water use, select plant
species that are better able to tolerate the extreme moisture

stress on a green roof during a typical summer. Selection tools

to guide the identification of low water use plant species can be
found at the Smart Garden Watering website. Another option is to
provide supplementary irrigation on a contingent basis during the
hotter periods of the year.

Depending on the level of attention that can be provided, inclusion
of indicator species with moderate requirements for water may be
helpful to show when supplementary irrigation is necessary. This
avoids compromising the performance of all the plants.

Irrigation frequency

During the establishment phase after planting, irrigation may be
frequent, for example, two to three times per week. For food
crops, irrigation will also be necessary during high activity phases
of the growth cycle, such as when the plant moves into flowering
and fruit set. The frequency of irrigation should be matched to the
drainage and water-holding capacity of the mix: frequent irrigation
of a very free-draining substrate is likely to waste waten.

The irrigation delivery method will partly determine the timing

of irrigation. Watering in high daytime temperatures will transfer
more heat into the building, as water heats up as it passes through
the hot growing substrate and transfers some of this heat into the
building when it drains onto the roof surface. For surface and sub-
surface irrigation, there is little to no wetting of the foliage, which
lowers the risk of fungal disease. If spray irrigation is used, it should
be applied very early in the morning to enable foliage to dry off
throughout the day and thus reduce the likelihood of disease.

Moisture sensors

Be aware that moisture sensors used to estimate moisture
content in standard landscaping soils do not provide reliable
information about the moisture content of free-draining, porous
growing substrates used on green roofs.

An irrigation system is laid at the Victorian Desalination Project
green roof, Wonthaggi. Image: ASPECT Studios


http://www.savewater.com.au/how-to-save-water/in-the-garden/plant-library
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Table 1 1. Irrigation methods for green roofs

Delivery method

Advantages

Disadvantages

Microspray

Surface drippers/
perforated pipes
Sub-surface drippers/
perforated pipes

Sub-surface capillary

Wicking associated with
irrigation in drainage layer

Hose

Low cost, visible, easy to install, reliable

Low cost, visible, even delivery of water

Low cost, moderate efficiency (water delivery to
root zone)

High efficiency

High efficiency, ease of installation

Good for domestic application for easily accessed
areas, not so good for other areas. Allows
monitoring to occur at the same time

Uneven distribution (plant interception), high
water loss (wind, evaporation), foliage wetting
(increased disease potential)

Moderate water loss

Non visible (difficult for maintenance), higher
potential for damage by people digging

High cost, maintenance and repair is difficult
because not visible, ‘capillary rise’ of substrate
needed or water will not reach plants

Linked to proprietary systems,‘capillary rise’ of
substrate needed, this may be unsuitable for plant
establishment if the water is applied too deep for
the plant roots to reach

Cost (requires someone to be present on site),
low water efficiency, foliage wetting, uneven
distribution

5.11 Wind considerations

Even on flat roofs, wind uplift may present serious challenges for
retention of substrate and plants.Wind damage can be dangerous
to people and property and costly to repair. Retention systems may
be required to ensure that materials cannot be blown off the roof.

Wind uplift pressure is lowest on the centre of the roof and highest
at the edges, around the perimeter and at corners.The higher the
building, the greater is the risk. On pitched roofs, the roof peak is
also subject to uplift. Minimising untethered components greatly
reduces the risk of damage to the green roof by uplift.

Where possible, waterproofing should be fully adhered to the
roof, or mechanically fixed. For waterproofing layers that are
not bonded to the roof, the green roof assembly must provide
adequate ballast to prevent uplift. Edge treatments are the most
critical: the un-vegetated zone around the perimeter of a green

roof (see Chapter 5.13) may require heavy concrete paving slabs

rather than loose gravel ballast. The materials used must conform
to the design wind load calculated for the specific green roof
location.

On some green roofs, perimeter balustrades or parapet walls will
provide some protection against wind flow. Other treatments,
such as jute erosion control netting (see Chapter 5.12) or coated
wire retaining systems, may be useful.

Plant selection may also be used to mitigate the impact of winds. If
the tolerance of different species to wind exposure is understood,
plantings can be planned so that the lowest-growing, most robust
species are planted in the most exposed areas. Taller; less wind
tolerant species are installed behind them. The resulting gentle
gradation of vegetation heights interrupts, and slows, wind flow
over the planting.

Perforated screens reduce wind flows on The University of Melbourne’s
demonstration green roof at Burnley campus

Fytogreen design uses wind tolerant species to shield others on the
green wall at the Triptych Apartments, Southbank
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5.12 Slopes and wind protection

Landscapes on pitched roofs are subject to wind forces and gravity
affecting the stability and retention of the growing substrate and
plants. In many cases slippage can lead to poor plant performance
and ultimately green roof failure. For roof pitches of up to 15
degrees, no additional protection is needed, unless there are
strong wind issues on the site. Waterproofing must be root-
resistant, and covered with a protection mat. A drainage layer

is not always required as the roof can drain effectively through
gravity. The stability of steeply pitched green roofs is increased by
maintaining vegetation cover: provision of irrigation is essential.

For green roofs constructed on pitches greater than |5 degrees,
basic protection can be provided through anti-erosion jute
netting installed just below the substrate surface to provide some
anchorage to plants (see image). This netting breaks down over
time, and is used simply to help keep the substrate in place whilst
the plants establish.

Figure 20. Layers of a sloped roof

Erosion
Control
Netting

A green roof on a slope can include a
drainage layer with large cells to retain
substrate as well as a layer of erosion
control netting laid close to the top of the
substrate to help retain substrate and
plants during the establishment period

Protection
Layer

Greater protection can be provided on steeper sites by using a
drainage layer with large cells, or cups. The growing substrate fills
the cells of the drainage layer, reducing slippage and providing
spaces for plant roots to grow, ensuring further stabilisation (see
Figure 20). A filter sheet must be placed beneath the drainage
layer to reduce wash-through of fine particles from the substrate.

For green roofs with slopes between 20 degrees and 45 degrees,
‘honeycomb’ webbing, comprising multiple, enlarged drainage
cells, can be installed above the drainage and filter sheet layers
(see image).This holds the substrate in place, increases stability
and reduces slippage. Other specialised structural elements can
be incorporated to transfer shear forces into stable, reinforced
abutments that form part of the roof structure, or wind barriers
can be installed.

Growing
Substrate

Anti-shear
drainage layer

Water-retention
matting

Waterproofing
Membrane

Anti-erosion jute netting installed on a sloped green roof. Ideally a

layer of substrate should be covering the netting, which will degrade
over time. Image: PAD Creations

Honeycomb webbing used to stabilise substrate on a pitched green
roof. Image: KHD Landscape Engineering Solutions
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5.13 Hard landscape elements

Some of the functional elements that are used in green
roofs include:

. non-vegetated zones

*  retaining edges

*  topographical construction

*  planting containers

*  drains and gutters

»  flashings

. a range of other elements, not discussed in detail here, such
as: harness attachment points; controller boxes/solenoid
boxes (to house irrigation components); decorative and
functional landscape elements such as decking, paving, seating,
shade protection, ponds and lighting

The colour of materials should be considered as this will affect
their heat gain. Consider location of shade structures as additional
elements.

Non-vegetated zones

Non-vegetated zones are used to group roof penetrations, vent
pipes and other upstands and assist in lateral drainage. They are
generally constructed with large diameter aggregate rock or ballast
(16-32 mm size), rather than the growing substrate, and provide
additional lateral drainage into the roof drains. They are usually
between 300-500 mm wide and are separated from the roof
perimeter ballast by metal edging installed around the planting
area. Similar vegetation-free zones may be created through use of
paving slabs or ballast to provide access pathways across the green
roof, or as firebreaks on very large roofs.

Retaining edges

Edging can be used to define and retain planted and non-
vegetated zones across a green roof. It can include concrete,
stainless steel, recycled plastic or aluminium products; L-shaped
edges are installed above the filter sheet and often have
perforations to allow drainage through the profile.

Edging can be used to separate different substrates on the roof

Topographical construction

Blocks of polystyrene foam can be used to build up areas to create
mounds or hills without the additional weight of the substrate.
Topographical variations on a green roof create different growing
conditions and microclimates to increase habitat opportunities for
beneficial insects, as well as visual, aesthetic interest.

Non-vegetated zone around hard infrastructure on a roof

The build up of this green roof ‘hill" in Queen Street, Melbourne, is
created from recycled expanded polystyrene blocks, overlaid with a

deep drainage layer to contain the growing substrate
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Planting containers Drains and gutters
Planters must be made from weather resistant materials, and the All drains must be accessible for maintenance, protected from
components must be physically and chemically compatible with blockage by leaf litter and substrate wash, and housed with

each other Common examples of materials used to build planting  inspection chambers, drain covers, filters or strainers. Inspections
containers are powder-coated metal, galvanised steel, ceramic, timber;  after construction, following storms and every three months are
UV stable plastic and glad reinforced concrete (lightweight concrete).  recommended.

Selection of drainage hardware depends on the required function
and appearance; examples are provided in the section on drainage
in Chapter 2. For drains located flush with the roof surface, a grille
should be installed to prevent drain clogging.

Flashings

Roofs with a parapet that extends above the roof deck require
installation of a cover (flashing) to protect the building fabric.
This should be included in the waterproofing installation to
ensure that membrane terminations, and any areas of membrane

extending over the vertical and horizontal surfaces of the parapet,
are not exposed.

UV stable plastic containers are used to add greenery to this rooftop
garden in Little Collins Street, Melbourne

Figure 21. Functional elements on a green roof can include flashing (capping) and non-vegetated zones
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Stages of construction:
Building the City of Monash green roof

I The roof deck is ready for installation of the green roof: waterproofing treatment was not required on this clip-lock steel roof

2 A protection layer is used to cover the roof deck 3 Drainage sheets are installed over the protection layer 4 Abutting drainage
sheets provide full coverage of the area to be planted 5 Substrate is pumped up to the roof from ground level and installed via a
blow hose. 6 Edging strips are used to separate planting areas from non-vegetated walkways 7 Planting follows a specified design
8 The final product

Images courtesy of PAD Creations and Junglefy
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External green-walls, lllura Apartments, Roden Street, West Melbourne

6. BUILDING &
INSTALLATION

GREEN WALLS

Green wall systems vary greatly in their design and construction from DIY
projects to modular green wall systems available to buy ‘off the shelf’, through
to proprietary systems that are custom-fitted to a wall. Specialists in green
wall design and installation can provide advice on the most suitable system and
the best construction approach. Green walls can deliver more than aesthetic
benefits, and this requires consideration in the design stage.This chapter
provides advice on the structures and components required for green wall
systems, waterproofing, irrigation and nutrition, vegetation and lighting. This
information should be read prior to starting a green wall-building project.
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6.1 Structures and components for

green wall systems

Hydroponic green wall systems can be either modular containers

or large panels. The systems are installed via brackets that sit out
from the load-bearing wall (or a stand-alone structure) to create
an air gap between the wall (or other structure) and the backing
sheet of the green wall system. In a hydroponic system, an inert
growing medium is provided to which the plants physically anchor,
such as a horticultural foam, a mineral fibre or a felt mat. These
materials can act as a water retentive sponge, although the more
they soak up the heavier the system becomes.The advantage of
the hydroponic system is that there is no structural decay of the
growing medium, no salt build up from fertilisers and nutrients
are supplied in a precise and controlled manner. Over time, plant
roots grow and ramify through the entire system to create a very
robust network.

Substrate-based systems use substrate-holding containers made of
plastic or metal. The substrate is packed directly into the empty
container or placed in a water permeable, synthetic fibre bag.

Figure 22. Types of green wall configurations
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support structure and T

The containers are connected together and anchored to the wall
or to an independent, structurally secure metal rack or framework.
Alternatively, plastic or metal growing containers can be hung

on a metal grid fixed to the wall. Individual growing containers

can be removed for maintenance or replanting. Most substrate-
based systems are designed for automatic irrigation, just like the
hydroponic green wall systems.

The growing medium in these systems provides a structure to
support the plant and facilitates water; air and nutrient access,
decreasing the need for constant management associated with
hydroponic systems. However, over time the reserve of nutrients
will be exhausted and there can be a build up of salts in the
growing medium. Traditional potting mix is not a suitable substrate
for green walls. A specialist green wall provider will advise on

the most appropriate growing medium for a particular green

wall design. See also Appendix A for information about substrate
characteristics.
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Drip trays are used to capture excess irrigation water from the
growing medium as well as water droplets that drip off foliage. The
size of the drip tray should be sufficient to hold an entire irrigation
cycle’s water volume (before draining away prior to subsequent
cycles starting). Drip trays may not be necessary if the run-off is
intended to irrigate vegetation below the green wall. If drip trays
are not used, ensure run-off does not create slip hazards, damage
the building fabric or provide excess moisture or nutrients to
ground-based plantings below.

Water captured in the drip tray or reservoir at the base of the
planting system can be pumped back to the top of the wall for
re-use rather than being wasted, provided that it is treated to
prevent build-up of nutrients. Drip trays should have a drainage
pipe of sufficient diameter to empty the drip tray or manage
water capture sufficiently to mitigate overflow of the tray. Fascia
treatments may be added to conceal the edges and functional
elements of the green wall system, such as the irrigation system
and drip tray.

6.2 Waterproofing

Waterproofing is project-dependent; in some cases there will be
a sufficient air gap between the back of the planting system and
the wall, making waterproofing treatment unnecessary. The air gap
prevents movement of water between the wall and the planting
system, and air-prunes plant roots to reduce the risk that they
will directly contact the wall and provide a path for movement
of moisture. Provision for an air gap between the planting system
and the building wall will also prevent growth of mould. Where
waterproofing is necessary, it will prevent damage to the wall
from moisture and dissolved salts from fertilisers. In some cases
the supporting wall might be considered waterproof as is; for
example, a preformed concrete wall may be thick enough to be
rated as fully waterproof, or a wall constructed from marine-
grade plywood will have some degree of waterproofing from
the glues used within the ply. Consideration must be given

to waterproofing penetrations to the wall as well as junctions
between surrounding fascia (if used) and junctions between wall
waterproofing and drip trays (see box). Roller-applied liquid
waterproofing treatments can be used on internal and external
green walls. When considering waterproofing for any green wall,
seek advice from a waterproofing consultant to ensure the most
suitable treatment is chosen.

The manufacturing and installation of waterproofing membranes
should comply with the Australian Standard for membranes

used to waterproof exterior areas of buildings (AS 4654.2-2012
Waterproofing membranes for external above ground use —
Design and installation). Waterproofing membranes used for
internal walls should be manufactured and tested to AS/NZS
4858:2004 Wet area membranes. Waterproofing treatment should
follow the procedures used in other internal areas of residential
buildings, such as bathrooms, kitchens and laundries. These are
specified in AS 3740-2010 Waterproofing of domestic wet areas.

Waterproofing walls
- lessons learned

This indoor green wall is located within an office
conference room in Melbourne. Within a week
of installing the waterproofing and drip tray
treatments, water leakage was observed. The area
connecting the waterproofed wall to the drip
tray had not been completely sealed and allowed
water to collect and drain between the two.

The modular nature of the green wall assembly
enabled this fault to be easily repaired the area
was sealed, and this mitigated any further
damage.

This example reinforces the importance of
testing and checking the work undertaken and
completed by every contractor against project
specifications.

An improperly sealed join created a leak behind

this green wall
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This green wall on the roof of a health care centre in Marion,

South Australia, incorporates an inbuilt water tank to provide
water supply and structural integrity for double sided modular
wall systems, with plantings including strawberries and herbs.
Image: Fifth Creek Studio

6.3 Irrigation and
plant nutrition

Green walls cannot be sustained without irrigation. Interruptions
to the water supply are a common cause of plant failure on green
walls. Systems designed with inbuilt irrigation should mitigate plant
losses due to inconsistent moisture management, although errors
can still occur.

Automated, remotely controllable irrigation systems are used

for walls in high profile locations, or in situations where access

is challenging. Note that the quality, design and costs will vary
between different systems. The most sophisticated systems enable
the maintenance supervisor to keep track of the automated
performance of the system, including the volume of irrigation
delivered, its frequency, substrate moisture content, as well as

pH and nutrient levels in the water supply. The settings can be
overridden if needed; for instance, the frequency or duration of
irrigation cycles may be increased on hot days.

In hydroponic systems, plant nutrition is delivered by a fertiliser
injection system that releases controlled doses of fertiliser into
the irrigation system (fertigation). Management of fertigation
systems and rates of delivery requires specialist knowledge, as it is
more complex than fertilising soil or growing media. Hydroponic
systems require continual monitoring of pH, water hardness and
total dissolved solids (TDS), and adjustment of these parameters
where necessary.

For hydroponic green wall systems, the fertigation system may
apply 0.5-20 litres of irrigation solution per square metre per

day. Internal green wall requirements are at the lower end of this
range, and external green walls at the higher end. Irrigation cycles
typically last a few minutes and will be required several times a
day. Keeping irrigation volumes low minimises waste and reduces
run-off. Irrigation run-off may be captured in a tank at the base of
the wall and recycled back through the green wall system.

Green walls that use a high quality, water-retentive growing medium,
and are not in an exposed or particularly hot location, may thrive
on a weekly watering regime. In most simple, soil-based systems,
including DIY systems, controlled release fertiliser is mixed in with
the growing medium, rather than using a fertigation system.

Irrigation must be available as soon as the plants are installed in
the wall system. The irrigation system requires a water meter to
monitor irrigation volume, and a pressure gauge to monitor the
even application of water. The need for ongoing regular irrigation
and the expectation that water will be used sustainably means that
stored (harvested or recycled) water should be used whenever
possible, so a pump is necessary.



87 Building & Installation - Green Walls

6.4 Vegetation

The size of plant materials used in green walls will depend on the
required look and finish of the wall at project completion. Planting
densities can be as high as 25 to 30 plants per square metre.
Decorative patterns can be designed by repeat planting across

an area; however, these patterns can be difficult to implement

if shadows and light across the different parts of the wall have

not been considered. Systems incorporating smaller plants at the

outset will take longer to fill out than those using well-established
container plants. The dimensions of the planting module will
determine the size of the planting stock. Different green wall
systems will be better for different types of plant growth habits,
from those that grow upright to those with a clumping growth
habit, scrambling, cascading or creeping. See Chapter 3 for
information on plant selection.

6.5 Special considerations for walls

Lighting is often required for green walls positioned in low light
exposure areas. Many green walls are installed within non-lit areas.
Lighting green walls is highly specialised, requiring the services

of a lighting designer or engineer. Plants require very specific
lighting quantities and qualities to photosynthesise, grow, flower
and develop appropriately. Tropical and subtropical green wall
installations can generally survive in lower light conditions than
Mediterranean, temperate plantings. Extensive knowledge of
horticulture and design of green wall systems is needed to
choose the right species for the light levels available on-site.
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Another consideration for green wall installations is air movement
around the foliage. This is important to help prevent fungal growth,
and additional ventilation may be needed to ensure sufficient air
movement for indoor walls. Outdoor walls usually create their
own microclimate that creates enough air movement, but in very
sheltered positions attention should be given to this issue.
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Facade greening on the Council House 2 rooftop, Little Collins Street, Melbourne. Image: Ronstdn Tensile Architecture

7. BUILDING &
INSTALLATION

GREEN FACADES

Green facades can range from complex systems for multi-storey buildings, with
plants growing in containers at different heights, to simpler systems where the
plants grow from the ground, allowing inexpensive installation of greenery on
low-rise buildings. This chapter provides information about building and install-
ing green facades.The information should be considered prior to starting a
building project.
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Facades

7.1 Wall protection and different

facade treatments

Waterproofing treatment of the wall is not required for green
facades. It is important to select plant species with a growth habit
that will not damage the fabric of the wall. Some species with
adventitious roots or scrambling stems can damage the building
fabric over time, such as Common Ivy (Hedera helix). However,
self-clinging climbers are exceptionally well suited to many vertical
building surfaces, particularly old stone structures or those with
minimal exposed mortar, and have lasted a long time without
negative impacts on the building fabric.

Plants can damage buildings by physical and chemical means, over
timescales of centuries. Damage can be superficial, causing only
aesthetic changes to the facade, or more structural damage may
result, usually over much longer time periods. If in doubt, choose
a green facade where the plants are grown on a support system
that is installed separately from the building.

Support systems for facades involving plants that have tendrils

or twining stems (see Chapter 3) may be made of plastic, timber,
metal, or stainless steel cables or cable mesh. Design of the
support system must consider the intended lifespan of the facade,
the growth habit of the plant species, and how spacing and offset
from the wall can help to provide the desired end resutt. Possible
designs are shown in Figure 23.

For containerised systems, plant species choice and the spacing
and volume of containers are critical for establishing effective
facade coverage. Specialists in green facade design and installation
can provide advice on the most suitable system and the best
construction approach.

Wooden trellises are prone to damage by weather and plant
growth and many plastics become brittle over time with ongoing
exposure to UV light, heat and cold.

Metal systems have the longest lifespan and require less
maintenance. Stainless steel cables and trellis are low maintenance
and have a long lifespan and probably offer the greatest flexibility
to suit a variety of plant species and wind loads. Steel nets

and mesh provide additional options, with closer ‘weaves' than
horizontal and vertical cabling.

Support systems are suitable for very structured arrangements
where greening has to be maintained away from windows or
because of the other building constraints, such as the geometry
of the building facade. A facade support may provide aesthetic
appeal when the plants have not yet grown to full size and in
winter where deciduous climbing species are used. Support
systems can be separate from a building and used to create a
green facade for privacy or shade.

Figure 23. Support structures for green facades grown with twining climbers

Single cables provide subtle
screening and prevent people
climbing

Stand-alone trellis systems
provide intrinsic visual interest

Containerised mesh system Wall-mounted cable grids can

for multilevel structures cover plain unsightly walls
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7.2 Soils and
growing substrates

Plants used for facade greening may be grown in soil in the
ground, or in containers filled with a well-designed growing
medium. The principles outlined in growing substrates for green
roofs, outlined in Chapter 5 and Appendix A are also relevant to

green facades.

The use of planter boxes, mounted at varying heights above the
ground, can allow greater coverage of the facade, where the
building is so tall that ground level plants will not reach the top.
The advantage of in-ground planting, where soil is of a reasonable
quality, is that the plants will have more access to water (the soil
will not dry out as quickly as in a container) and will have more
space for their root systems to grow.

Container growing media must be designed to support ongoing
growth of plant shoots from a limited, contained root volume, and
at elevation. Afthough many climbing plant species have superficial
root systems and may thrive in a small volume of substrate, there
is a notable link between root volume and sustainable foliage
volumes. Climbers required to cover greater areas will require
greater substrate volumes. However, weight loading restrictions
may limit the depth that can be supported for container systems
at elevation.

In-ground plantings will generally outperform container plantings
in the long term. Ensure the planting bed soil or growing media
has a suitable balance of porosity and water-holding capacity,
and an adequate supply of nutrients to ensure optimal growing
conditions. In a garden setting with good quality soil and adequate
irrigation, there should be little to impede strong plant growth.
In city landscapes, with large areas of impervious paved surfaces
and soils that may be highly compacted, soil structure may be
poor. In such cases, consider installing a ‘structural soil’ that can
be compacted to enable footpaths or other hard surfaces to be
installed, while still providing adequate porosity to support root
growth. In some buildings the foundations sit out from the wall,
underneath the ground — these footings should be set deep if a
garden bed is planned adjacent to the wall.

Seek the advice of a horticultural consultant to ensure the volume
of soil or growing medium will support the desired height and
spread for the green facade.

¥

Facades

7.3 Vegetation

For rapid coverage of a green facade, plant specimens should be
healthy and vigorous, with numerous basal shoots. They should be
of the largest possible size to suit the installation.

To support the vegetation at installation, the growing substrate
used to support container-grown facade plantings should
incorporate controlled-release fertiliser at planting (see more
information about plant nutrition in Chapter 8). New plantings
should receive irrigation to promote their strong establishment,
which depends on season planted and plant size. Establishment
is when new roots have grown and the plant is acclimatised and
actively growing.

Pruning and training of new plants is essential to promote the
development of an effective facade. Plants may need to be
trained to the facade support, or temporarily attached to the
wall after planting, to encourage upward growth. Once the plant
is established, the main runners should be trimmed to encourage
lateral shoots that will create a more radial growth pattern. If this
is not done, the climbers will typically branch out only once they
have reached a significant height, and it may take years for the
lower portions of the facade to receive any coverage.The use of
diagonally oriented cables on facade systems facilitates horizontal,
as well as vertical, growth of the plant (preferred over the plant
shooting straight up) and thereby increases the density of foliage
cover. For long-term installations, pruning to rejuvenate might be
required. As climbers age their growth can decrease and cutting
back to hard wood can revitalise a plant and allow for longer
lifespans. This means that after five to seven years, especially

with woody climbers, it may be necessary to prune back a large
portion of foliage.

Close-up view of adherent discs that enable species such as

Parthenocissus tricuspidata (Boston Ivy) to self-attach to this building
facade at RMIT University, Melbourne
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7.4 Drainage and
irrigation

Garden beds, or at-ground planter boxes used for climbing
plants for facade greening, should have drainage appropriate
for the plant species selected for use. Container systems
placed at elevation on the face of a building should have

a free-draining growing substrate to avoid potential
waterlogging in the event of prolonged periods of wet
weather The potential for ponding of water above the top
of the growing substrate should be minimised by providing
overflow drainage holes in the sides of the container; just
higher than the level to which the container is filled. In most
cases, run-off through the base of the growing containers
will simply run down onto the ground beneath, but drip
trays can be installed to collect water.

The vigour of many climbing plant species means that
irrigation will be required to maintain high-density foliage
cover and long-term performance of the green facade. In-
ground plantings in domestic settings will need irrigation
at least during the hotter months, if not year-round.
Harvested, recycled water should be used for irrigation
wherever possible. Irrigation frequency will depend on the
plant species selected, the type of growing medium used,
and how exposed the facade is to sun and drying winds.

At-ground plantings can be irrigated by automatic systems
or manually with a hose. Surface or sub-surface dripper
systems are suitable automatic systems. Irrigation supplied
to elevated planters requires appropriate water supply
pressure from tank, recycled and mains water supplies. See
Chapter 5.10 for information about irrigation systems and
methods of delivery and Chapter 3 for more information
on drainage and irrigation in general.

¥
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Facades in containers —
lessons learned

A roof garden incorporating green facades was built

at Council House 2, central Melbourne, in 2006. Its
design included the incorporation of 950 mm deep
plastic planters, connected to a cable and stainless steel
trellis (X-TEND®) mesh for growth of the facade.The
intention was to increase greenery across the building
through use of the roof and facades.

Unfortunately, the facade plantings have not grown well
due to multiple problems with the planters, growing
substrate and irrigation. The black colour of the planters
leads to considerable heat gain in the root zone over
summer; causing difficulties for plant growth. The
planters also tend to split, the side wall plastic seemingly
unable to tolerate the high bulk density of the growing
substrate. Additional metal frames were used to support
the replacement containers. The substrate itself has also
had issues, with plants failing or growing poorly and a
considerable drop in the total volume since installation.
A further complication has been the irrigation system.
Each planter is irrigated via combination of a valve, water
reservoir and foam ‘wicking', all enclosed in the base

of the container: The valves function at a much lower
pressure than the mains supply, meaning most failed
when they were first operated. This in turn affected

any possible ‘capillary irrigation’ upwards to the root
zone in each container, leading to extensive plant death
shortly after installation. Replanting has occurred but

all containers now need to be hand-watered. The City
of Melbourne is currently investigating cost effective
options for resolving these problems.

The City of Melbourne recommends thorough research
or peer review to assist and support decision-making
around the design and use of new technologies.

Planter boxes on the City of Melbourne’s Council House
2 roof garden, Little Collins Street, Melbourne, have not

performed as well as expected




Weeding the vegetable bed on thé Demonstration Green-Roof-atThe University of Melbourne’s Burnley campus

8. MAINTENANCE

This chapter provides information to help with the development of
maintenance plans.A detailed maintenance plan will outline performance
standards, tasks to be undertaken and the resources required to achieve

them. Once created, maintenance plans should be reviewed at least

annually to ensure all maintenance needs are being met.
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8.1 Maintenance planning

A maintenance plan should include a clear description of:

*  maintenance objectives — created based on the design intent,
or the landscaping or environmental objectives that were the
basis for the roof, wall or facade development

*  performance targets, such as the time frame for complete
coverage of an area by plants and foliage

*  responsibilities of various personnel involved in operating
the building, outlining the type, scope, duration of task and
occurrence

*  training requirements (such as Working at Heights
certification) and safety equipment

*  resources available

Maintenance planning should also incorporate risk management,
with the aim of reducing or eliminating the likelihood of failure
that could result in property damage or personal injury.

For large projects, maintenance planning is often based on

‘asset management planning’ where the whole life of the asset is
considered, including design, construction, establishment, operation,
maintenance, renewal and demolition/replacement.

For some green roofs, walls or facades, particularly those located
on commercial premises, maintenance will be undertaken

by someone other than the building owner. A maintenance
agreement with the installation company or with a recommended
third party may be the most economical way to ensure the

best long-term performance of a green roof, wall or facade. If a
maintenance contract is used, it is important to be clear about the
duration of the maintenance agreement, the scope of maintenance
responsibility, and the need for handover at changeover to either

new contractors or back to the building owner.

A supervisor may be designated to oversee the overall and
ongoing management of maintenance activities, and can provide
direction to maintenance staff and assess that work has been
carried out satisfactorily. The supervisor's role will involve:

*  scheduling of maintenance: flexibility may be needed, as, for
instance, additional visits may be necessary to repair damage
following extreme weather events

*  signing maintenance contractors in and out at the start and
end of a visit, offering a toolbox talk at the commencement
of a visit, and providing keys and providing any specialist
equipment that is required

*  occupational health and safety: ensuring contractors have
appropriate certification; scheduling mandatory annual checks
(and repair or replacement if necessary of safety anchor points);
ensuring conditions are safe for maintenance staff to perform
their work; providing safety signage or other barriers to restrict
access during maintenance; and ensuring that staff understand
the process for reporting actual or potential hazards

* informing other contractors who work on the building about
the roof, wall or facade, so that they do not inadvertently
damage the asset (for example, water service contractors

turning off water for a prolonged period)

Reactive maintenance was needed after a severe hail storm shredded succulent vegetation at The Venny, Kensington, in March 2010.

Image: PAD Creations
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8.2 Maintenance tasks

Maintenance falls into a number of categories:

I.  Establishment maintenance occurs during the first Access for maintenance
one to two years after installation and is undertaken
to fully realise the design intent and outcomes. For Roofs that are not generally accessible to the building
vegetation, this includes tasks such as pruning, weed owner or tenants may need to be accessed by ladder,
control, and irrigation to ensure healthy and vigorous using ropes and harnesses or other fall arrest’ systems to
plant growth. work safely. For small wall and facade installations, within
a few metres of the ground, a mobile work platform at
2. Routine or recurrent maintenance includes regular ground level is probably the most efficient solution for
works that are undertaken to ensure the roof, wall or access. However, ropes and roof-mounted attachments
facade is maintained to a minimum or required standard may be required for larger areas or higher buildings.
of appearance, functionality and safety. For vegetation, this Green walls and facades extending more than 10 metres
can include tasks such as weeding, pruning, removal of above ground level will usually be maintained from a
leaf litter and, in some cases, mowing, roof-mounted work platform. A hybrid living wall system

developed in Adelaide addressed maintenance access

3. Cyclic maintenance is scheduled interventions at with an inbuilt platform at each floor level that allowed

less frequent intervals that maintain infrastructure. . .
i ) ) o safe access for maintenance of the vegetation and for
It includes maintenance of the underlying building ‘ . ‘
) other services such as window cleaning.

structure and of specific components of the

green roof, wall or facade system. This may include
infrequent pruning or other formative management
of woody vegetation, such as coppicing, or annual

treatment of decking or other hard landscape
elements to maintain their safety and functionality.

4. Reactive and preventative maintenance is
undertaken when some component of the system
fails suddenly, or shows signs of imminent failure.
Failure may be due to a long-term problem that has
gone undetected (such as blocked drains by tree
roots), or sudden damage resulting from an extreme
weather event (such as stormwater incursion).

5. Renovation maintenance includes works that change
the design intent. This may arise after a change of

ownership of a building which instigates a desire for
change, through to remediation of a design failure

At The University of Melbourne’s Burnley Campus, vigorous

(see The Venny case study). deciduous climbers such as Boston Ivy (Parthenocissus

Some typical maintenance activities for green roofs, walls tricuspidata) are pruned twice a year to control size and to
and facades are outlined in the table below. These are keep stems away from windows, flashings, drains and other
intended as a general guide only: each site will have its building fixtures

own specific requirements and some listed will be more

relevant and/or specific to a wall, roof or a facade.
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Table 12. Common maintenance tasks

Maintenance Objective

Maintain planting design

Maintain plant growth

Minimise weeds

Manage lawns

Maintain trees

Maintain climbing plants

Rejuvenate climbing plants

Monitor plant performance

Maintain substrate

Maintain irrigation (and
fertigation) systems

Monitor plant nutrition

Maintain drainage

Maintain non-vegetated zones

Maintain wind protection

features

Maintain safety systems

Maintain waterproofing

Maintain other hardscapes

Plant replacement, infill plantings

Remove waste plant material (leaf litter, prunings, weeds), inspect for signs of pests
or disease and treat as needed, make seasonal adjustments to irrigation volume and
frequency as needed, ensure adequate nutrition levels for plants; inspect after severe
weather events (e.g. wind or heat) to look for signs of stress

Mulching, weed control
Regular mowing, annual renovation
Regular pruning, annual tree inspection, brace and support as needed

Annual or biannual pruning to maintain density and cover and to remove growth from
fixtures (windows, drains). Rejuvenate to renovate habit and growth

Vigorous pruning to renew stems and encourage new basal growth (every 5-7 years)
Maintain records of plant health, vigour and coverage, pest and disease impact

Top-up of growing substrate may be required due to wind, rain or animal activity (check
the depth of the growing substrate before any additions are made to ensure weight
loadings are not exceeded)

Manually test and inspect the irrigation system regularly and monitor any automated
systems (check volume of irrigation delivered, its frequency, substrate moisture content,
and, for hydroponic green walls, nutrient levels in the water supply)

Maintain a log of fertiliser additions and records of pH and electrical conductivity values
before and after addition of fertiliser

Ensure roof drains are clear and functioning, remove dirt, litter and other deposits from
drain inspection chambers, check plumbing hardware, check condition of filter sheet and
deeper layers if necessary

Remove vegetation from perimeter zones and around other equipment and fixtures

Check the condition and fit of protection systems

Check safety anchor points for fall arrest systems, check access points, e.g. ladders and
stairways, check electrical safety of power points, lighting and irrigation control system

Inspect flashings over waterproofing membrane terminations, inspect wall fabric for any
damage from water, fertiliser or plants, conduct leak detection of waterproofing on a
green roof — if possible

Clean or oil decking or furniture, inspect green wall or facade support systems for any
loose attachments or fittings
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Fire

Maintenance plans must ensure that the vegetation present on a green roof, wall or facade does not create fire hazards. Dead
or dry vegetation must be removed as part of regular maintenance. Fire resistance can be increased by installing breaks in the
vegetation or using plants with low biomass (such as native grass tussocks with a low amount of leaf matter). Green facades with
deciduous or evergreen climbers are unlikely to create a fire risk as long as dry leaf litter falls away cleanly and is removed during
routine maintenance.Vegetation on green walls that receives regular irrigation and maintenance does not pose a fire hazard.

8.3 Plant nutrition

An important element of maintenance is ensuring that plants
receive adequate nutrition. This section provides information on
nutrition for roofs and facades. Walls are not addressed here
because green wall installers will provide specific instructions for
meeting the nutrition requirements of the particular plants in the
particular wall. Fertilisers for green walls are delivered in liquid
form, via the irrigation system (see Chapter 6.3).

In consultation with the designer and client, establish the lowest
appropriate application rate for controlled release fertilisers
(CRF).The aim is to provide sufficient nutrition for strong plant
performance while minimising nutrient loss into irrigation/
stormwater run-off. As such, fertiliser rates are usually significantly
lower than those recommended for garden or container plants.
Where the plantings are limited to succulents there may not be
any ongoing addition of fertiliser.

CRF is the most suitable choice for plant nutrition in green roof
settings or green facades in containers. The fertiliser comes in

the form of water permeable resin granules or beads and is
applied on the substrate surface but should be raked or mixed
through, ensuring an even distribution. Each rain or irrigation event
dissolves a small amount of the inorganic nutrients stored in the
bead. If the roof or container is being irrigated from below (a sub-
irrigation system) then it is important to mix the fertiliser well into
the substrate.

The elevated temperatures on a roof or facade can lead to
excessive fertiliser loss and damage plant growth. For Australian
natives on green roofs, low phosphorus CRF can be used at half to
quarter of the rate recommended for garden or container plants.

Liquid fertilisers are not suitable for routine use on green roofs,
as nutrients are more likely to leach out of the mix and leave via
stormwater run-off.

Facade greening planted in the ground in a good quality, sandy
loam topsoil should not require additional fertiliser The addition
of composted organic matter once or twice a year to garden
beds where facade greening is planted will supply nutrients and
improve water retention. CRF suitable for the species planted may
be incorporated into the garden beds, if desired, according to the
rates recommended by the manufacturer.

Visual inspection plays an important part in determining whether
plants are experiencing nutrient deficiencies (see Growing Media
for Ornamental Plants and Turf for further information).

Monitoring of fertiliser levels

It is useful to undertake soil testing of pH and electrical
conductivity to establish the conditions under which plants were
started. Ongoing, strong plant growth and coverage is the best
sign that growing conditions are suitable. As long as there are no
problems with the performance of the plants, the manufacturer's
recommendations for rate and frequency of fertiliser application
may be followed. If plants do not perform well, or there are any
signs of nutrient deficiency, a sample of growing substrate should
be collected for testing of pH and electrical conductivity (EC) or
total dissolved solids (TDS), following the same test procedure
as was used at planting. Additional fertiliser should be added

if EC or TDS results suggest nutrient levels are simply running
low. If possible this should be incorporated through the growing
substrate to ensure its even distribution, though this may be
difficult to achieve for green facade containers installed at elevation.



This guide has been developed

in collaboration with government,
industry and universities. It provides
advice specific to conditions in
Victoria, Australia. It is hoped that
this guide will help to increase

the number of high quality,
multifunctional green roofs, walls
and facades to make our cities
more liveable and sustainable.



Internal green wall at Mider Investments, South Melbourne, Image: Fytogreen
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The Venny Green Roof

Description

The Venny green roof comprises a lower
flat roof, with planting designed around
three sections — A, B, and C (Figure I)

— and an upper, sloping green (roof D),

a later addition to the original brief. The
green roof can be viewed from the ground,
access is only available for maintenance.
The upper roof contains an array of
photovoltaic cells (44m?), two solar hot
water panels and a roof ventilator, leaving
approximately 46m? for planting.

Introduction

The Venny is a community facility for
children from the Melbourne suburb of

Kensington and surrounding neighbourhoods.

Design of The Venny was commissioned
by the City of Melbourne, incorporating
the use of recycled shipping containers.

As protection was needed to insulate

the spaces below the metal containers,

a green roof was suggested as the most
appropriate solution. It was also anticipated
that the roof would expand the local
knowledge of green roof design, installation
and maintenance at a residential scale.

Figure I: Schematic plan view of the Venny roof

?

Case Study

Location

JJ Holland Park 85 Kensington
Road, Kensington, Victoria

Completion Date

September 2010
(remediation works July 2013)

Cost
$123,000

Area

108m? lower roof, 103m? upper
roof on a new building

The project was a joint venture between
the City of Melbourne, The University

of Melbourne and Melbourne Water: The
roof has also been a research site for The
University of Melbourne, with funding
provided through the Australian Research
Council.

Detailed design of the lower areas was
undertaken by The University of Melbourne
and the upper green roof was designed by
Junglefy Pty Ltd.

ROOF D - UPPER ROOF
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Design and components

A ZinCo system was used for the
waterproofing and drainage components.
A low cost membrane material, Volclay
Swelltite®, was used. The lower green

roof comprises a ZinCo system, including

a 25 mm drainage cell, and two different
mineral-based substrates developed by The
University of Melbourne. The upper roof
used an alternative system incorporating

a basal protection layer with irrigation
(capillary irrigation matting) and, originally, a
100 per cent coir media at 100 mm depth.
Galaku erosion control netting was used to
hold the plants in place on the upper roof.

Plants for the green roofs were researched
and selected by The University of
Melbourne, based around aesthetic
properties, drought tolerance and low
resource inputs (water, fertiliser and
maintenance). Most were succulents,
particularly sedums, aloes and related
species. They were planted at high densities
to provide rapid cover and discourage
weed infestation.

The upper roof has been designed to

hold a green roof with a saturated load

of 160kg/m? (including all plants, substrate,
irrigation system and waterproofing). In
addition to the 160kg/m? there has been an
additional live load allowance of 40kg/m?,

Maintenance

Management and maintenance was
considered in the initial design, and a safe
maintenance access point was important.
A lockable alcove was designed with

a purpose-built ladder and signage to
comply with occupational health and safety
standards. Paths of chipped recycled brick
were incorporated into the initial design
of the lower roof to minimise the impact
of maintenance and research activities on
plants and green roof infrastructure. These
factors, combined with the specific species
selection of drought tolerant plants and a
close planting design, were considered to
culminate in a green roof that could be
safely managed, with low impact, and low
maintenance requirements.

The first two years of maintenance and
management was undertaken by The
University of Melbourne, as part of its
research studies, and Junglefy Pty Ltd. A
comprehensive management plan was
devised by The University of Melbourne
and handed over to the City of Melbourne.
This was the first green roof that the City
of Melbourne’s landscape maintenance
team had experienced and some problems
did occur when the irrigation system failed
over summer. The maintenance visits also
became infrequent which meant that

the health of some of the species was
compromised. After approximately six
months' maintenance by the City of
Melbourne the roof was evaluated and

it was determined that while the lower
green roof was satisfactory, the upper roof

7
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had not performed well. The coir growing
media failed to support plants adequately —
the only surviving species had drifted to the
base of the roof slope. While disappointing,
the substrate was used as a trial and the
substrate and plant replacement was not
an unexpected expense for the project.

Remediation of the upper green roof
took place in July 2013.The University of
Melbourne was contracted to develop a
lightweight, mineral substrate and complete
a planting design. Junglefy were re-engaged
to take the lead in the remediation works
— including the removal and replacement
of the growing medium and the installation
of new plants.

New ZinCo products, specifically designed
for sloped roofs, were used, a ‘back to base’
alarm system for monitoring irrigation

was installed, and Junglefy has continued
ongoing maintenance of this space.

Plant species used on the

upper roof 2010

Lampranthus deltoides
Sedum xrubrotinctum
Sedum mexicanum
Sedum pachyphyllum

Sedum reflexum

Roof A was planted with a mix of Australian and exotic herbaceous and succulent plant species
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Costs - lower green roof

The lower green roof cost $69,070.
Specific costs of project components are
shown in the table.

Component

Shipping container

steel frame Recycled
Drain pipe system $5,000
Bentonite Liner $16,000
Concrete Screen $18,000
Zinco System

$7,150
(Supply)
Zinco System (Install) ~ $1,360
KISSS “Below Flow
Flat” irrigation and $6,330
associated controls
Substrate growing
median & crushed $5,900
brick paths
Coir Mulch Matting $1,270
Plants (Supply) $4,520
Plants (Install) $3,540

Costs - upper green roof

The upper green roof cost $ 11,000,
including the waterproofing layer, growing
substrate, irrigation, plants and planting,
labour and materials.

Note: it would be unrealistic to expect
to replicate such a build for the same
price today. Junglefy's involvement in
construction was undertaken at cost due
to its interest in developing this industry.

Remediation works in 2013 cost
approximately $43,000.

Results and reflections

According to The Venny manager, the
roof adds environmental, educational and
economic benefits to the building. As a
small-scale building the design could be
applied in a residential context.

Lessons learned included that:

*  the bentonite liner and concrete screed

on the lower roof, expensive items

which did not live up to expectation,

would be avoided in future
*  the use of 100 per cent coiras a
substrate on the upper roof would

be avoided (this was addressed in the

remediation)

*  the slope called for a water retention

layer (this was added in the
remediation in 2013).

?
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The Venny has proven to be a pioneering
project that has provided a valuable
learning experience for the emerging
green roof industry. Those involved in
similar projects should invest in good
materials for waterproofing and drainage,
as well as consulting those with expertise
in design and application to ensure plants
are appropriate for the type of roof.

A consistent message in the reflections of
The Venny green roof partners was that
patience is required when undertaking
something that is untested: it is a collaborative
learning process through all stages from
design through to management.

Mixed plantings and non-vegetated zones on The Venny roof Sedum xrubrotinctum surrounded by the larger; spreading

Carpobrotus modestus
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Description

Triptych Apartments include a large
hydroponic green wall on the building's
exterior south-east facade, extending up
from the second level, above the footpath.
[t is visible to all vehicular and pedestrian
passers-by, and is viewed by neighbouring
office and apartment buildings.

Introduction

Visible from the street, the green wall
feature was considered by the developer to
provide a 'wow-factor', setting the building
apart from other inner-city residences and
blending in with the leafy streetscape.
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The purpose of the green wall was to:

*  obscure the view of the exterior of
the multi-level parking area

*  use foliage to soften the built
environment
provide habitat and increase diversity
through the use of native and exotic
plant species

*  utilise collected rainwater

The property was owned by the Stable
Group, and the project was completed by
Nettletontribe architects and green wall
specialists, Fytogreen.
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Fytogreen’s concept drawing shows the arrangement of species in

swathes across the Triptych green wall
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Location

8-10 Kavanagh Street,
Southbank, Victoria

Completion Date
2009

Cost
$350,000

Area

206m? on a new building

Design and components

The wall includes 362 planting panels
measuring 100 cm x 500 cm x 15 cm
along with 44 planting panels measuring
75 cm x 50 cm x |5 cm. It is designed for
a weight loading of 80kg/m? dead load.

A spray-on waterproofing material was
used. A root barrier layer was not required
because the air barrier between the wall
and the modular system allows for air
pruning. (Roots become exposed to the
air, which dehydrates them and stops
them growing further.) Polyurethane foam,
a Fytogreen patented product, with felt
wrapping was used as the growing medium.
The foam modules are held in a steel cage,
mounted on a wall using steel brackets.

This view of the established green wall shows how the concept was

translated into a lush, vegetated space
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Plant species used

Dianella'Little Jess’

Dianella‘Emerald Arch’
Dianella'Breeze’

LomandraTanika’

Lomandra‘Wingarra'

Viola hederacea Native Violet
Rumohra adiantiformis Leatherleaf Fern
Nephrolepis obliterata Sword Fern

Asplenium bulbiferum
Mother Spleenwort

Correa'Dusky Bells'
Ficinia nodosa Knobby Club Rush
Orthrosanthus multiflorus Morning Iris

Campanula poscharskyana Serbian
Bellflower

Liriope muscari ‘Evergreen Giant’
Plectranthus ciliatus Spurflower
Aristea ecklonii Blue Star
Fachysandra terminalis Green Carpet
Sarcococca confusa Sweet Box
Liriope spicata Lilyturf
Arthropodium ‘Parnell’
Arthropodium ‘Te Puna’

Davalia tyermanii Bear's Paw Fern

Schefflera aboricola
Dwarf Umbrella Tree

Strobilanthes anisophyllus Goldfussia
Erigeron karvinskianus Seaside Daisy
Acorus gramineus Green Acorus

Rosmarinus officinalis horizontalis
Prostrate Rosemary

Chlorophytum variegatum Spider Plant

Cerastium tomentosum
Snow-in-summer

Escallonia’Newport Dwarf’
Euphorbia‘Chameleon’
Euphorbia ‘Blackbird’

Viola odorata Sweet Violet

Plants are irrigated using a controlled
release dripper system that runs to each
separate module, using collected rainwater
supplemented with mains water as
required. Fertiliser is also delivered via the
irrigation drip system.The stainless steel
facia surrounding each panel guides any
excess moisture to a steel drip tray at the
base of the vertical garden.

Irrigation equipment includes a controller
for timed irrigation cycles; a fertigation
system for controlled fertiliser dosing
through the irrigation system; water meter;
pressure gauge; controlled volume drip
irrigation line; and water storage tanks,
filters and pumps.

Native and exotic plant species, chosen for
aesthetic appeal, durability and biodiversity,
are featured. The planting plan considered
the differing levels of sun and shade across
the wall surface, and the impact of plants
shading one another as they grew. At |5
plants per panel, a total of 5,958 plants was
required. For the planting stock, 140 mm
container specimens were grown in an
offsite greenhouse for eight to |12 weeks
before installation. The benefit of using
fully-grown plants is the immediate visual
impact when installed.

The swathes (planted sections of different
species) were specifically designed to
control lateral wind movement over the
host wall surface, either mitigating wind
damage or creating niches for species in
the leeward sides.

In addition to aesthetic appeal, plant

species were chosen to be hardy, low
maintenance and shade tolerant. Many
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of the species feature coloured foliage or
flowers throughout the year, contributing
to the beauty of the design.

Careful consideration was given to the
combination of species used, and their
placement in relation to each other Al
species were selected to offer cumulative
control of pests and disease spread,

wind, light and moisture, and to manage
competition between species. The long-
term growth patterns and likely reaction
to the environment were also considered.
High foliage coverage was sought for visual
appeal and also to out-compete weeds.

Maintenance

By choosing species that respond well to
each other; the green wall requires less
maintenance than a more rigid design.The
owners favoured this approach because

it offered a long-term, adaptable and
sustainable solution.

Fytogreen is contracted to undertake the
maintenance. Maintenance is moderately
fluid, pending seasonal changes and the
client's aesthetic expectations. The Triptych
owners embraced natural aesthetic forms
and ongoing species self-adjusting, leading
to a less restrictive maintenance process.
Knuckle Boom lift access, requiring a

small team of horticulturists, is generally
conducted every three months.

Monthly checks, conducted by one person,
assess water supply, quality and general
garden condition.
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The initial planning sketch by Fytogreen
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Cost

The green wall project cost $350,000.
This budget included a |2-month contract
with Fytogreen covering maintenance of
the green wall and defects liability. After
this time, the maintenance contracts were
negotiated between the parties and open
for tenden.

N

Results and reflections

Fytogreen reports that this is a statement

green wall that has proven to be functional

in terms of water usage, visual impact and
has assisted with the selling of apartments.
Using harvested rainwater from the
building the plants are thriving and habitat
is being created. Fytogreen notes the
visual amenity provided to all surrounding
parties, including passers-by.
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The green wall at Triptych adds another element to the street level vegetation

Images courtesy of Fytgreen
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In retrospect Fytogreen states it would
have changed only one thing, and that
was to have set up the wall to also be a
research space for vertical garden species.

Fytogreen concludes that this is a large-
scale green wall that puts Melbourne on
the map. As it is free to view to all passers-
by it provides inspiration to all to question
technology, property value and the impacts
of vegetation on built surfaces.
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Building 21 G

Description

The green facade was constructed on the
north and west-facing external walls of
Building 21, a 60-year-old brick building.
Planter boxes at the base of the facade
support plants that climb up a trellis
stretching the height of the wall. The wall
can be viewed by the general public and is
mostly seen by RMIT students and staff.

Introduction

The RMIT University city campus in
Melbourne is a publicly accessible space
made up of historical and modern
buildings, interspersed with functional open
areas. With the completion of University
Lawn Precinct and the refurbishment of all
of the surrounding buildings, Building 21
needed a facelift as the last piece in the
precinct. A green facade was constructed
on the rear of the building.

The Building 21 green facade was a joint
project between RMIT University, Peter
Elliot Architecture and Urban Design,
engineers BHS Consultants, landscape
architects Rush Wright Associates and TJS
Services. The specific facade structure was
provided by Ronstan Tensile Architecture.

ty,

reen Facade

Design and components

The facade includes the following elements:

* aRonstan X-TEND mesh trellis
system in a diamond-shaped pattern.
The trellis system is secured in place
by steel framing at the top, bottom
and sides of the wall. There is a 40 cm
gap between the trellis system and
the brick facade of the building so no
root barrier or waterproofing layers
were needed

*  planter boxes, which are mounted
to the existing brick facade using a
galvanised steel frame which encases
the entire planter box. Zinc sheet
vertical cladding covers the front of
the boxes and extends down to hide
the drainage system below

The sides and base of each planter box
are lined with Atlantis® 30 mm Flo-Cell™
drainage cell and slotted Agridrain Pipe,
and then covered with 2 mm geotextile
Bidim® A14G membrane. The bases are
lined with a 40 mm sheet of Hyrdocell
hydro foam.

A drip irrigation system is used, with a slotted
drainage pipe running along inside the base
of the planter boxes to provide drainage.

Hydrocell 40 extensive media, a lightweight
soil mix, was chosen to reduce stress on the
existing brick wall. The substrate was topped
with a 45 mm thick stone mulch layer to
provide protection from the elements.

?
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Location

RMIT University city campus
124 LaTrobe Street, Melbourne,
Victoria

Completion Date
2011

Cost
$230,000

Area

122m? on existing building

I Pre-construction

2 8 months post-construction
3 26 months post-construction

Images courtesy Ronstan
Tensile Architecture
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Forty-nine individual 140 mm plants,
Kennedia rubicunda (Dusky Coral Pea),
were installed in the planter boxes.
Temporary bamboo supports were used
to help the plants grow up and onto the
trellis. Plastic clips were used at intervals of
40 cm to secure the climber to the trellis.
Provided by Ronstan, the clips are designed
to allow for the plants’ growth.

Maintenance

The design of the green facade included
maintenance requirements. The site can be
accessed with an elevated work platform.
The planter boxes are raised above
pedestrian level, but are low enough to be
accessed using a ladden

The green facade requires a moderate
level of maintenance, contracted to the
university's general landscaping contractor.
Regular maintenance tasks include:

*  monthly inspection of irrigation
system function

e twice yearly (spring and autumn)
pruning and retraining climbers
around windows

e twice yearly (spring and autumn)
fertilisation, plus additional if required

*  monthly comprehensive visual
inspection

*  weekly general inspections (including
removal of rubbish)

Cost

The project cost $230,000, excluding
ongoing maintenance. Specific costs
of project components are detailed in
the table.

Results and reflections

The architect believes that the building
now sits comfortably as a backdrop to

the University Lawn Precinct, with the
creeper-covered walls meshing into the
urban landscape. He notes the appearance
of the building has been successfully
transformed through the softening effect
of the creeper-covered wall. Initial plant
growth has exceeded expectations but will
need to be monitored to be maintained
into the future.

The ongoing level of required maintenance
can be carried out as part of general RMIT
landscaping. RMIT reports that no plants
have been removed or replaced to date,
due to adequate facade coverage.

Planter boxes

Plants and substrate

Plumbing and
irrigation

Trellis system

Access
equipment hire

7
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$80,000

$25,000

$25,000

$90,000

$10,000

The green facade is now a key element of the view from the University Lawn Precinct
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Freshwater Place Green Roof

Description

The green roof is an elevated landscape
located on top of the nine-storey car park.
It is made up of a series of garden mounds,
a grass lawn, storage sheds and planter
boxes for growing vegetables. A windbreak
wall was added to protect the site from
the strong southerly wind.

Introduction

Freshwater Place is a residential complex
containing 534 apartments, located on the
Southbank side of Melbourne's Yarra River.
The aim of the project was to provide
residents with a functional outdoor space
that would enhance their inner-city lifestyle
and add value to the property. The green
roof is part of the communal facilities,
which include barbeque areas, pool, gym
and function spaces. Residents and their

guests have full access to the level 10

roof and it can be seen from most of the
apartments as they extend many floors
higher than the car park. Maintaining the
green roof’s aesthetic appeal is the priority
for all maintenance activities.

The green roof was a collaborative

project between Bates Smart Architects,
Australand and Laurence Blyton Landscape
Architects. The green roof components
were installed by Fytogreen and are

maintained by Facility Management Victoria.

Design and components

The roof was installed using the following

layers:

*  waterproofing spray-on layer, installed
by JA Dodds

*  waterproofing protection layer; low-
density polyethylene (LDPE) foam

?
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Location

Freshwater Place Apartments |
Queensbridge Square, Southbank,
Victoria

Completion Date
2004

Cost
Undisclosed

Area

1650m? on a new building

Flo-Cell™ drainage layer

Bidim® geotextile layer

*  Fytogreen Hydrofoam hard foam
RG30

*  growing substrate

Vegetable planter boxes, provided by the
Little Veggie Patch Co, are made from
recycled apple crates. Measuring 1.2 m
along each side, and about 80 cm tall, the
boxes are anticipated to last more than 10
years. The vegetable crates are located on
the west side of the site and receive less
sunlight than the other sections of the roof.

There are 30 established trees growing in
the green roof garden beds, surrounded by
a range of shorter shrubs.The substrate in
these beds is 70 cm deep to accommodate
the trees' root systems. Comparatively, the
substrate under the large lawn area is only 35
cm deep. The substrate mix used throughout
the site was prescribed by Fytogreen, and
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is made up of sand, organic material and
water retention flakes. A river stone mulch
layer sits on top of the substrate to reduce
evaporation, reduce weed growth and
stabilise the soil in the wind.

There is a mix of permanent green
elements, seasonal interest from foliage
and colourful flowers. There is also one
lemon tree on the roof, after a request
by a resident that it be planted. It is yet to
fruit, but is growing well.

Replacement species have been selected
from existing plants that have grown well.

The specific plant species used on the
Freshwater Place green roof are listed

in the table to the side. All species are

low maintenance, can be grown in most
climates and soils, are tolerant of drought
and wind, and prefer to be grown in full sun
to part shade.They can be grown in urban
areas where pollution levels may be high.

The green roof drains into a 160,000-litre
storage tank that sits beneath the paved
area. Rainwater is also collected into this
tank from other building surfaces. The
collected water is used for irrigating the
garden and can sustain the plants for up to
three weeks in the height of summer, and
as a result, potable water is rarely used.

A drip irrigation system was installed
beneath the substrate in the garden beds
as part of the initial construction, but this
system is no longer used. Although it was
functioning correctly, the system did not
allow for the different water requirements
of trees and other plants. In 2010, the
maintenance team installed separate drip
irrigation systems for the trees and shrubs,
which run along the surface of the soil.
The grass lawn is watered using automated
sprinklers.

The plants are monitored daily to ensure
that the irrigation is sufficient and to
identify problems before the plants
showed signs of distress.

In the initial design, five round plant rooms
on the roof were topped with vegetation
to provide residents in the apartments
above with a consistent green outlook
onto the green roof. Sloped at a slight
angle to allow for drainage, these roofs
were planted with succulents in a shallow
substrate made of fine stone aggregate.
Parts of these roofs became waterlogged
and caused some plants to fail, resulting in
patchy green coverage when viewed from
above (see image). Although the drainage
could have been repaired and the roofs
replanted, maintenance staff chose to not
replace the plants, leaving the area with
just the stones. This decision was made to
ensure that the residents had a pleasing
outlook onto the roof at all times.
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Plant species used

Pyrus ussuriensis
Manchurian Pear cultivar

Dianella ‘Little Jess’

Juniperus sabina Savin Juniper
Liriope cultivars Lily Turf

Viola hederacea Native Violet
Viola labradorica Labrador Violet
Ixia cultivars Corn Lily

Escallonia cultivars

Ipheion uniflorum Spring Star
Freesia cultivars

Iris cultivars

Rahiolepis umbellata Yeddo Hawthorn
Pennisetum clandestinum Kikuyu

Trachelospermum jasminoides
Star Jasmine

Aerial view of the Freshwater Place green roof
dfter construction
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Maintenance

Although the green roof at Freshwater
Place has been designed to minimise
maintenance, there are ongoing challenges.
A different level of maintenance is required
for the intensive garden beds and the
extensive lawn area. For an annual fee of
$25,000, the maintenance is carried out
under contract and includes replacement
of plants. Maintenance activities include:

Three times per
week in summer;

Irrigation
'gat! varies for the
shrubs and trees.
. Annually for trees;
Pruning .
shrubs as required
Plant
an . Weekly
evaluation
Lawn Weel.<|y in spring;
. fortnightly at other
mowing .
times
Scarifyin
ying Every three years
the grass
Monthly for turf;
Fertilising plants every six
months; annually
for trees
Plant As required
renewal in winter
Cleaning &
monitoring
of hard Weekly
landscape
elements:
Inspecti
.pe.c Io.n Daily in summer,
of irrigation
monthly at other
system .
A times
function:

A key challenge for maintaining the

green roof has been ensuring that plants
get enough water to maintain optimum
growth and to look healthy and visually
appealing. This requires regular monitoring,
so it is important that the maintenance
contractor understands the environment
and how it can change very quickly.

Orriginally, Tall Fescue grass was used as
lawn cover, but the maintenance team
found it difficult to keep it looking good
through water restrictions and the hot
summer months. At times security staff
hand-watered in summer to keep the
grass green. Following a review of plant
maintenance in 2007, the tall fescue was
replaced with Kikuyu grass, a species with
lower water requirements, and it has been
very successful.

Exposure to the elements has also been a
challenge, particularly for the maintenance
of the large Manchurian Pear trees. The
strong wind has caused them to grow

at an angle, particularly in the older tree
stock, due in part to the use of fully-grown
trees at installation, As a consequence,
the root systems did not establish in the
soil as well as they could had younger
plants been used. Their lack of stability

in the wind required the use of support
cables. Recently, some of these trees were
replaced with younger plants and these
have quickly grown to be equal in size to
the existing trees, and are far more stable.

Maintenance processes are regularly
reviewed to ensure they are consistent
with the desired outcomes.

:
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Results and reflections

Overall, the Freshwater Place management
team is extremely happy with the aesthetic
and social benefits of the green roof. The
useability of the space gives the building a
unique edge and adds value to the property.

The green roof is a well used space,
particularly in the warmer months of the
year. The barbeques are in constant use
throughout the summer and the lawn is

a popular place for picnics. The vegetable
gardens are maintained by residents, who
enjoy the social aspect of growing produce
together.

Reflecting on the lessons learned over the last
nine years, the management team has advice
for anyone considering a green roof project:

I. Green roofs have their own
challenges due to the unusual nature
of the site, so it is best to keep the
design simple.

2. Green roofs are not ‘set and forget'.
It takes some time to get the plants,
irrigation and maintenance right, so
be prepared to make adjustments as
you go along.

3. Monitoring the green roof
components and plants is essential for
establishing a successful green roof.
The monitoring should be regular and
not reactive.

Manchurian Pear trees are a feature on the Freshwater Place green roof
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Mini-fie Pa?k Greeh Roof

Description

The roof is on a one-storey building in a
park.There is no public access but the roof
slope of 2 to 3 degrees means it can be
viewed from ground level. The green roof
includes a range of indigenous plant species
to promote the use of local flora and
provide habitat opportunities for fauna.

Introduction

Minifie Park Early Learning Centre is a
council-owned, community-operated
childcare centre located in North Balwyn,
an eastern suburb of Melbourne. It was
built to replace an older building.

Council decided to include a green roof
as an integral part of the new facility. The
purpose of the green roof was to provide
thermal insulation and help the building
blend in to the surrounding parkland.

The project received funding from
Melbourne Water and the Victorian
Adaptation and Sustainability Partnership to
support the incorporation of water sensitive
urban design features into the building.

The building was designed by the
architectural firm FMSA and built by
Behmer and Wright. The green roof was
designed and constructed by Junglefy.

Design and components

The roof has a weight loading of 170 kg/m?.
A gutter guard has been installed in the box
drains, and leaf traps in downpipes to prevent
them from blockage by pine needles from
an overhanging tree. There is 400 mm wide
unplanted perimeter zone to keep the areas
around drains clear of vegetation.

Kalzip® aluminium standing seam roof
sheeting was used for the roof deck. It

?
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Location
290 Belmore Road, Balwyn, Victoria

Completion Date
December 2012

Cost
$306,000

Area

440m? on a new building

was installed over a steel-framed portal
structure — a building frame with pitched
rafters. The standing seam system was a
key element in Junglefy's tender for the
work, because its successful use on green
roofs is well documented, and Kalzip was
prepared to provide a |0-year warranty
on the waterproofing. This is the first
Australian green roof installed over this
type of lightweight roofing system to
Junglefy's knowledge. The Kalzip® roof
system is intrinsically watertight so a
waterproofing layer or protection layers
were not installed.

The drainage layer was ZinCo FD40, with
water-retention capacity. A ZinCo Filter
Sheet SF was also installed.

The growing substrate was Junglefy's
proprietary Victorian mineral mix. It was
delivered in 5,000 kg capacity bags, lifted
by crane and installed through a hose

The building sits low in a park, meaning the roof can be easily viewed from street level
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attachment, and applied 100 mm deep.
The large single substrate bag could

be moved around the roof and greatly
reduced the installation time compared to
using multiple smaller bags. The substrate
was covered with a layer of jute netting
to provide weed control and protection
from slipping due to gravity and wind
forces. Plants were installed through cuts
made in the netting. A layer of substrate
was installed over the top to reduce the
potential for wind uplift.

The Early Learning Centre has an additional
bare roof area of approximately 300 mZ
The green roof is irrigated with water
collected over all roofs. Captured water

is stored in an interconnected network of
six tanks, with a total capacity of 24,000
litres, in the ground level plant room at the
lowest point of the building. The modular
tank system offers adaptability for current
and future use: one or more tanks can be
removed for repair or replacement without
any need to interfere with the building
structure and surrounds.

The irrigation system has ‘back to base’
control with sensor-driven monitoring
from an inbuilt weather station enabling
irrigation cycles to be missed during rain
events exceeding a specified threshold.
The system used is standard for parks and
gardens irrigation throughout Boroondara.
Water is pumped up to the roof from
ground level and delivered to the plants
through a KISSS Below Flow Flat capillary
system. Initially, irrigation delivery was
patchy across the roof causing uneven
plant performance and the loss of a small
number of plants, but adjustments to the
system have resolved this issue.

The plant palette was a mix of low-
growing Victorian perennial grass and herb
species typically found in grassy/creek-line
woodland (the likely original vegetation on
this site). The herbs flower in spring and
autumn, providing colour interest through
a significant part of the year. Proposed
additions include the planting of taller
grasses to conceal the ventilation shafts.

Junglefy's custom-designed aluminium edge
restraints separated vegetated and non-
vegetated areas of the roof.

Planting stock was contract-grown by
Australian Ecosystems, provided as
tubestock, and inspected at the nursery
prior to delivery. Planting took place in
November, after a delay. As a result, hand-
watering was necessary over summer, to
ensure the plants were well established.

Maintenance

Junglefy has maintained the roof since
planting. The intention had been that
roof management would move to the
City of Boroondara. However, due to
Junglefy's experienced management and
competency to work at heights, they
have been sub-contracted by the City's
Parks and Gardens team, and continue
to maintain the green roof on a monthly
basis. This arrangement has simplified
management for the City of Boroondara.

The potential for acidification of the growing
medium from the needles shed by a nearby
overhanging pine tree is a source for concem.

Performance evaluation of the green roof
plantings is being undertaken by the City
of Boroondara.

Plant nutrition is provided as eight to
nine-month low phosphorus controlled-
release fertiliser applied at half the
recommended rate.

Costs

Total cost was $306,000. This included:

*  design and preliminaries
$180,000

*  green roof installation and plants
$126,000

The total building cost was $3.5M.

Results and reflection

Insulation properties were a major driver
for the inclusion of a green roof in the
building design. An anecdotal story from
builder Behmer and Wright's site manager
suggests that the green roof contributes to
thermal comfort for users: after the green
roof substrate was installed in winter; the
builders elected to spend their lunchtimes
in the facility as they found it was warmer
than the site office.
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Monitoring of energy consumption for
heating and cooling will reveal whether
usage is lower than would be predicted for
a building of this type without a green roof.

The City of Boroondara and the users

of the Minifie Park Early Learning Centre
feel very proud of the redevelopment and
its green roof. The positive experience at
Minifie Park has made Council enthusiastic
to pursue future green roof projects.
Council says that the local community has
responded well to the green roof, seeing
the views of vegetation as far superior to
a bare metal roof. The design objective

to create a connected visual experience
between the building and the park has
been met. The green roof demonstrates
that a modern building development can
be sympathetic to its surroundings.

Plant species used

Austrodanthonia racemosa
Slender Wallaby Grass

Austrodanthonia setacea
Bristly Wallaby Grass

Poa morrisii Velvet Tussock Grass
Poa morrisii Velvet Tussock Grass
Bulbine bulbosa Bulbine Lily

Chrysocephalum apiculatum
Common Everlasting

Chrysocephalum semipapposum
Clustered Everlasting

Dianella revoluta Black-anther Flax Lily
Einadia nutans Nodding Saltbush

Linum marginale Native Flax
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I Sheets of drainage cells were cut to fit the width of the roof profile. Image: Junglefy

2 The unplanted perimeter zone prevents plant roots from growing into the drainage pipes
3 Native grasses on the green roof blend into the surrounding parklands and provide habitat
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Victorian Desalination
Project Green Roof

Description

The Victorian Desalination Project

green roof is the largest in the southern
hemisphere. It covers a number of
buildings of the process plant, ranging

in pitch from 3.5 to 20 degrees. The
undulating slopes of the roof are designed
to limit visibility of the industrial buildings
from the surrounding public areas and link
to the nearby coastal landscape.

Introduction

The Victorian Desalination Plant provides
for desalinated water to be delivered

from the private sector to the State
Government owned water authorities.
The plant is capable of supplying up to 150
billion litres of water a year to Melbourne,
Geelong and via other connections to
South Gippsland towns.

Graphic depiction of the design shows how the green roof blends into the surrounding environment

The aesthetic focus of the project was

to soften the visual impact of the process
plant buildings. Several other objectives
were also considered in design of the
green roof, including, ecological restoration
of the area, thermal performance of the
building, minimising the noise impacts
from the desalination process plant and
protection of the roof from the harmful
effects of solar radiation.

The Victorian Government's private
sector partner, AquaSure, consists

of Suez Environnement, Degremont,
Thiess and Macquare Capital Group.

The Theiss Degremont Joint Venture

was the design and construct contractor
for AquaSure. The green roof design
delivery was provided by ASPECT Studios,
with technical design, installation and
maintenance by Fytogreen.

N
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Location

Lower Powlett Road, Wonthaggi,
Victoria

Completion Date
2012

Cost
$4,000,000

Area
26,000m? on a new building

Design and components

With a saturated dead load of 143kg/
m?plus live load, the roof is designed for
maintenance access only.

The building is a steel frame structure with
a timber ply roof deck.Waterproofing layer
is Sika Sarnafil. A foam resin developed

by Fytogreen was used as an underlay,
trapping water and nutrients and helping
the plants to grow.The drainage layer is a
20 mm Atlantis® Flo-Cell™ with a Bidim®
Al4 geofabric to filter sediment run-off.

The extensive green roof substrate mix
was provided by Fytogreen and installed
to a depth of 80 mm.The majority of the
roof was constructed on a slope of less
than |5 degrees and did not require any
sheer protection. However, about 650 m?
of the roof was installed on slopes greater
than |5 degrees and Geoweb® Cellular
Confinement System was used to stabilise
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the substrate and vegetation. The 150 mm
deep Geoweb® cells were installed over
four days, with anchoring tendons running
through every second row of cells to
secure the system in place.

Due to the strong winds to which the
green roof is exposed, a system of stainless
steel hold-down netting was required in
the areas subjected to the highest wind
speeds. These winds create a twin vortex
effect where the combined lateral forces
and vertical uplift would risk dislodging the
substrate ballast layer: The primary function
of the mesh was to mitigate the insurance
risk during establishment when the mulch
layer was exposed. As time goes on it is
expected that the plants will ameliorate
wind uplift.

A sub-soil irrigation system was designed
for the green roof by Netafim™ and
installed by Fytogreen.The automatic drip
system includes a weather monitoring
station to ensure irrigation frequency and
volume is appropriate. Data is collected

on the amount of rainfall and the level of
evaporation.Water for irrigation is captured
from a 3.7 ha collection area and stored

in a 0.5 megalitre pond. In addition to the
captured storm water, 600 litres of process
sampling water per hour is available from
the desalination process plant.

The Fytogreen design for the green

roof was carefully considered to ensure
consistency with the coastal character, and
to meet the ecological objectives of the
project. Species selection focused on plants
that are locally indigenous to the area using
seed that was collected within 40 km of
the site.

Given the site's exposure to the elements
in a windy and temperate coastal
environment, testing was undertaken prior
to construction to ensure that the species
chosen would thrive in the conditions.
Fytogreen established a test roof on a
nearby site in 2009 to determine which
species would respond well to the wind
and variable temperatures, and to test
planting patterns that would enhance the
health of the plants.

Plants are fertilised using Osmocote® low
phosphorus 12 to [4-month controlled
release fertiliser. Application rates are
adjusted as deemed necessary.

Maintenance

Fytogreen has a five-year contract to carry
out any maintenance required for the
green roof. Given the high profile of the
project and the community expectations
around aesthetics, the contract specifies
standards for maintenance. This includes a
requirement that vegetation cover must be
at least 95 per cent, with no more than five
per cent weeds. Fytogreen visits the site

as required, to ensure these maintenance
obligations are met.Visual inspections

of plant health are important to ensure
irrigation and nutrient levels are adequate.

?
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Plant species used

Acaena novae-zelandiae Bidgee-widgee
Actites megalocarpa Dune Thistle
Apium prostrata Sea Celery

Ficinia nodosa Knobby Club-rush
Carpobrotus rossii Pigface

Correa alba White Correa

Correa reflexa Native Fucshia

Dianella admixta Spreading Flax-lily
Dianella brevicaulis Coast Flax-lily
Dichondra repens Kidney Weed

Disphyma crassifolium ssp. clavellatum
Rounded Noon-flower

Gonocarpus tetragynus
Common Raspwort

Goodenia ovata Hop Goodenia
Lomandra longifolia Basket Grass
Olearia axillaris Coastal Daisybush

Rhagodia candolleana ssp. candolleana
Seaberry Saltbush

Senecio spathulatus Dune Groundsel

Stylidium graminifolium
Grass Triggerplant

Tetragonia implexicoma Bower Spinach
Threlkeldia diffusa Coastal Bonefruit

Ozothamnus turbinatus
Coast Everlasting

Chrysocephallum apiculatum
Common Everlasting
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Results and reflection

The opportunity to develop an indigenous
plant palette for such a large scale green
roof has demonstrated the way the natural
ecology evolves and responds to the

site conditions and the development of
microclimates as the vegetation matures.

Some of the initial planting stock struggled
to survive the windy conditions on-site.
However, Fytogreen anticipates that the
existing vegetation will provide protection
for new plants that grow from self-sown
seed, allowing them to establish more
strongly on the roof.

Fytogreen points out that the
requirement for irrigation water should
not be underestimated, and it is important
to be mindful of the client’s expectations
in terms of the roof’s appearance.The
aesthetic value may become a higher
priority than designing for minimum
water use. Recovery of irrigation run-off
enables 80 per cent of the water to be
re-used and ensures that water sensitive
design principles are maintained without
compromising plant performance and
appearance.

The vast size of the green roof planted
with Australian natives leaves a positive
impression with all visitors to the site.

?
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The inclusion of the green roof on the
Victorian Desalination Project was

an inspired gesture that added to the
acceptance of the project by the local
community and the wider public.

ASPECT Studios reflects that because

this roof was constructed in the absence
of a formed Australian green roof design
standard it is a testament to the innovation
and skill of the design and construction
team. Initially viewed as a risk, the green
roof has proven to be one of the most
successful elements of this challenging
project and represents the growth of the
green roof industry in Victoria.

I Irrigation pipes are embedded in the upper level of the growing media, above filter sheet and drainage layers

2 Plants were propagated offsite and delivered to the green roof for installation

3 Plants were well established by December 2013
4 Non-vegetated zone around the edge of the roof

All images in this case study are courtesy of ASPECT Studios and Fytogreen
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Burnléy. Biodiversity

Green Roof

Description

The green roof is located above ground
floor offices on a concrete roof deck with
a | degree slope.The roof is accessible
only to authorised staff or students with
Working at Heights certification; however,
it can be viewed from the first floor
hallway window.

The Biodiversity Green Roof features:

*  Victorian grassland plant species
in a shallow scoria-based growing
substrate

* arange of landscaping materials
(sand, gravel, ash, rubble) and features
(logs, rocks, hollow twigs, roof tiles,
terracotta pots) to create habitat
opportunities for birds, lizards, insects
and other invertebrates

* asmall ephemeral pond and shallow
creek bed, that are supplied by rainfall
run-off from the roof above

Introduction

The University of Melbourne has a campus
in Richmond, near the Yarra River, focusing
on horticultural research and education.
The main building was constructed
between 1946 and 1949 and is protected
by a Heritage Overlay, and the entire site is
listed on the Victorian Heritage Register.

The northern end of the roof of the
main building has been developed into
a Biodiversity Green Roof as part of the

.

larger scale Green Roofs Project, which
also includes a Demonstration Roof and

a Research Roof on the same building. A
design team from HASSELL worked with
the University to provide design solutions
to assemble the roofs. Junglefy constructed
the roofs. A planning consultant was hired
to navigate through the planning process
and clarify which permits were required.

The Biodiversity Green Roof was
developed as a part of the larger Burnley
Green Roofs Project to encompass
demonstration, education, extension and
research. The Biodiversity Green Roof
provides students and visitors to the
University with an example of the design
and features of a non-irrigated, shallow
depth green roof designed for habitat.

Design and components

The roof has a weight loading of 150 kg/m?.

Replacement of waterproofing was
avoided by patch repair of existing
waterproofing: the estimated cost saving
was $2,000. Components include ZinCo
SSM45 protection mat and high-density
polyethylene (HDPE) root barrier; a ZinCo
FD40 drainage layer and ZinCo Filter
Sheet SF. A scoria-based growing substrate

was delivered by crane in | m? bulker bags,

and installed to a depth of 100 mm.

A 400 mm wide unplanted perimeter
zone keeps the area around the edge of
the roof clear Aluminium edge restraints

?
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Location

Burnley Campus, The University of
Melbourne , 500 Yarra Boulevard,
Richmond, Victoria

Completion Date
February 2013

Cost
$13,930

Area

49m? on an existing building with

heritage considerations

separate vegetated and non-vegetated
areas of the roof. Scoria aggregate was
installed in the non-vegetated areas of the
green roof.

The Biodiversity Roof receives run-off
from two downpipes that drain the roof
area above it. One is directed into the
pond and ephemeral stream, the other
enters a buried drain pipe that travels
along the long axis of the roof. This allows
lateral seepage of water into the substrate,
and supports plant species with higher
water needs, such as Kangaroo Grass
(Themeda triandra). Drainage off the roof
is achieved through two drains on the
northern perimeter of the building.

There is no irrigation system on the
Biodiversity Roof. It is watered infrequently
by hand-held hose during hot weather or
prolonged periods without rain.

The plant palette consists of Victorian
perennial grasses, herbs, and one species
each of an orchid and a fern. These
species are typically found in grassland
and woodland, and some are known
sources of food and nectar for insects.
Plants provide colour and interest through
a significant part of the year Tubestock
(grown in the Burnley campus nursery,
with a small number of plants purchased
from Victorian indigenous nurseries) was
planted in February 2013.The roof was
hand-watered through autumn to promote
establishment.
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Plant species used

Arthropodium milleflorum
Pale Vanilla Lily

Asperula conferta

Common Woodruff

Brachyscome basaltica
Swamp Daisy

Brunonia australis
Blue Pincushion

Bulbine bulbosa
Bulbine Lily

Calocephalus citreus
Lemon Beauty-heads

Calotis anthemoides
Cut-leaf Burr-daisy

Chrysocephalum apiculatum
Common Everlasting

Cullen tenax
Emu Foot

Dianella revoluta
Black-anther Flax Lily

Eryngium ovinum
Blue Deuvil

Eryngium vesiculosum
Prickfoot

Helichrysum rutidolepis
Pale Everlasting

Hypericum gramineum
Small St. John's Wort

Leptorynchos squamatus
Scaly Buttons

Leucochrysum albicans var.
tricolor Hoary Sunray

Linum marginale
Native Flax

Lobelia pratioides
Poison Lobelia

Marsilea drummondii
Common Nardoo

Microseris lanceolata
Yam Daisy

Pelargonium rodneyanum
Magenta Storksbill

Podolepis jaceoides
Showy Podolepis

Ptilotus macrocephalus
Green Pussytails

Ptilotus macrocephalus
Green Pussytails

Rumex dumosus
Wiry Dock

Rutidosis leptorrynchoides
Button Wrinklewort

Selliera radicans
Shiny Swamp-mat

Senecio quadridentatus
Cotton Fireweed

Stylidium graminifolium
Grass Trigger-plant

Veronica gracilis
Slender Speedwell

Vittadinia cuneata
Woolly Vittadinia

Wahlenbergia communis
Tufted Bluebell

Cheilanthes
austrotenuifolia
Green Rock Fern

Microtis unifolia
Common
Onion-Orchid

Austrodanthonia carphoides
Short Wallaby-grass

Austrostipa scabra
Velvet Tussock Grass

Chloris truncata
Windmill Grass

Dichelachne crinita
Longhair Plumegrass

Lepidosperma concavum
Sword-sedge

Lomandra filiformis
Wattle Mat-rush

Themeda triandra
Kangaroo Grass

Scaly Buttons

(Leptorhynchos squamatus)

Hoary Sunray (Leucochrysum albicans var. tricolor)

Blue Pincushion (Brunonia australis) with
visiting Hoverfly
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Maintenance

Staff maintain the Biodiversity Green Roof:
this takes about one hour per month. A
photographic record of weed species is
maintained to monitor those that germinate
on the roof. Timely removal of these plants
before they set seed prevents them from
becoming more widespread. Plant nutrition
is provided as eight to nine-month low
phosphorus controlled-release fertiliser;
applied at half the recommended rate.

Costs

The following table details outline the
indicative cost of the Biodiversity Green
Roof. As it was installed as part of the
larger Burnley Green Roofs Project, with
works carried out simultaneously (for
example, substrates for all green roofs
were lifted by crane on the same day),
there were economies of scale for design
and installation. However, for this case
study, costs are provided, in the table, for a
stand-alone ‘design and build, as the scale
of this roof was small and simple in relation
to the overall Burnley project.

Results and reflection

Nine months after planting the vegetation
is still quite sparse, although this is likely
to fill in, particularly as the grasses self-
sow over time. Plants were grazed by
possums living in a pair of Italian Cypress
trees (Cupressus sempervirens ‘Swane's
Gold') that were growing adjacent to the
building. The trees were removed during
2013 because possum nesting and grazing
caused irreparable damage to the trees’
canopies. The rooftop plants recovered
well over spring.

Australian ravens and magpies visit the

roof to bathe in the pond, and also bring
food to consume on the roof. Spiders have
colonised the tree debris, and an ant colony
has moved into the rocky substrate near the
end of the stream. Burnley staff members
have commented on their enjoyment of the
colourful grassland species planted outside
the first floor window.

Component

Preliminary costs:
design, project $3,000
management, etc.

Repairs to existing

waterproofing 200
Protection Mat

SSM 45 $250
Root barrier $100
Aluminium retaining

edge (33 linear m) $3580
FD40 drainage $1,100
Filter Sheet SF $120

Scoria-based growing
substrate $680
(10 cm depth)

Scoria aggregate
installed on non- $350
vegetated perimeter

Labour cost of
installation including $1,020
crane fees

Labour cost of
installation including $630
crane fees

Plant production/

purchase costs Helt

Materials collection

and planting $1.000

?
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Kangaroo Grass established strongly
on the Biodiversity Green Roof. Source:
Leanne Hanrahan

Bundles of sticks are installed amongst

the vegetation to provide homes for
native wildlife. Source: Leanne Hanrahan
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Description

This water-efficient green roof is designed
as a space to provide amenity for staff.
The area is not open to the general public.
Decking and seating is provided. The roof
is built on a concrete roof deck with 1.5
degree slope, it is above the third storey.

Introduction

The Kangan Institute Automotive Centre
of Excellence (ACE) is located in the
Batman Hill Precinct of Melbourne’s
Docklands. The building holds a 5 Star
Green Star rating. The building houses a
2,000 m? area of automotive workshops,
and 1,200 m? of specialised training and
office areas.

The green roof is located adjacent to the
administrative offices, and over the learning
suites, which will benefit from reduced
heat loads.

The green roof was designed by ASPECT
Studios, in collaboration with Gray Puksand
Architects. Robert Bird Group provided
structural and civil engineering services.

The green roof was installed on the
concrete roof deck of the new concrete-
framed building.

.
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Design and components

The roof weight loading is 200 kg/m? Roof
drainage is achieved through a series of in-
floor sumps, with overflow risers installed
along the bottom of the roof slope.

The drainage layer is Atlantis® 20

mm Flo-Cell™ drainage cell, with flow
across the roof to perimeter drain. The
filter sheet is Bidim® geotextile, Grade
Al4. For waterproofing, Waterproofing
Technologies’ Enviro HP 1200 was used.
This is a two-component, spray-applied,
flexible polyurethane membrane. A leak
detection system was not installed.

As HP1200 waterproofing treatment

is rated as root-resistant (through a
testing procedure specified and assessed
by CSIRO), a root barrier was not
required. Separation sheets of low-density
polyethylene (LDPE) were installed to
protect the waterproof membrane during
construction.

Stormwater run-off was captured to
irrigate the green roof, as well as toilet
flushing: one point was awarded under
Green Star's WAT-3 criterion for the
required measurable reduction (by 90
per cent) in potable water consumption
on the site from these initiatives.
Fytogreen Australia designed and

?
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Location

Docklands Campus, Kangan
Institute, Harbour Esplanade,
Docklands, Victoria

Completion Date
November 2012

Cost
$56,000

Area

250m? on a new building

installed the irrigation system. Irrigation is
delivered through a Netafim sub-surface
dripper system.This is water-efficient,
programmable and automatic enabling the
duration and frequency of irrigation cycles
to be adjusted.

ASPECT Studios developed the planting
design, which consists of low water use
herbaceous and succulent perennials: all
have performed strongly.

Plant species used

Anigozanthus ‘Ruby Velvet’
Carpobrotus edulis

Crassula capitella ‘Campfire’
Dianella caerulea ‘Cassa Blue’
Dianella caerulea ‘Little Jess’
Lomandra longifolia ‘Tanika'
Poa poiformis ‘Courtney’

Sedum palmeri
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Maintenance

Establishment maintenance was provided
for eight weeks after planting. The green
roof was then managed by the Kangan
Institute maintenance team. Plant nutrition
is provided as 12 to |4-month low
phosphorus controlled-release fertiliser
applied at half the recommended rate.

Results and reflection

The garden has suffered somewhat from a
lack of maintenance. A maintenance strategy
is now being developed. Bird control has
been needed as seagulls have been nesting
in the garden after being disrupted from
nesting elsewhere on the building.

?
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I Roof deck with waterproof membrane prior to flood testing. The raised strip is a major structural movement joint which required specific attention

to maintain waterproofing 2 Views of the green roof at planting 3 Views of the green roof |0 months later 4 Anigozanthos Ruby Velvet’

contributes a striking element to the green roof planting scheme at Kangan Institute

All images in this case study are courtesy of ASPECT Studios and Fytogreen
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Description

The roof space is surrounded by a 1.2 m
high balustrade above the 8th floor of the
building. The rooftop garden total area is
200 m? with planter boxes occupying 48
m? and a central ‘hill area of 43.5 m?.

A trafficable zone expands and contracts
around a central landscaped hill to create
a number of gathering spaces of various
scales and orientations. Bound by edges
of seating and planting, inhabitants are
surrounded by greenery.

About half of the |31 Queen Street roof
area is occupied by plant and machinery: this
is screened and separated from the accessible
roof garden area by a picket fence.

An additional 38 m? green roof space
(not publicly accessible) was installed
above the lift motor room. This is part
of an Australian Research Council
Linkage Project Grant carried out by

Gféwing Up Rooftop Garden

The University of Melbourne's Green
Infrastructure Research Group, to
investigate the performance of plants
on green roofs in a variety of growing
substrates.

Introduction

I31 Queen Street is managed by Quayle's
Owners Corporation Managers.The
building was constructed in 1896 and the
tenants include a range of private and
public organisations. It was intended that
the rooftop garden be used by building
tenants for lunch and recreational breaks,
meetings, workshops and classes, as well as
special events.

The Growing Up roof was built after

the Committee for Melbourne ran a
design competition for a green roof. The
Committee identified three potential
CBD rooftops and ran the competition
to demonstrate how a “vibrant, innovative

?
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Location
131 Queen St Melbourne,Victoria

Completion Date
July 2010

Cost
$219,000

Area

200m? on an existing building

and contemporary urban green space”
could be created on a rooftop. Safety,
maintainability, and durability were key
considerations for assessment of entries in
the design competition.

Bent Architecture won the design
competition with its “Head for the Hill”
submission, based on the roof at |31
Queen Street.

The builder was Better Projects Australia
and engineers were Clive Steele Partners.
The University of Melbourne provided
guidance on substrate and planting design.

The project budget was $200,000, with
additional in-kind support provided by
sponsors; for instance, VicUrban (the State
Government's former development agency,
now Places Victoria) provided a project
manager to oversee construction and
ensure that partners’ objectives for the

project were met.

Timber decking, mosaic seating and permeable paving treatments are some of the functional and decorative features used


http://www.melbourne.org.au/
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Design and components

The roof’s weight loading is for a dead
load of 300 kg/m?2 and a live load 150 kg/
m2.Total carrying capacity is |00 people.
The weight loading precluded the original
design from being realised, which was

a hill with a large volume of soil and

a mature tree growing on it. Instead a
sculpture tree was constructed, centred
over a column, and covered with wisteria
to provide shade in summer and allow
sun penetration onto the roof in winten
A hill was made from recycled, expanded
polystyrene covered with a small volume
of substrate and succulents.

Drainage outlets along perimeter walls
lead to concealed downpipes. The roof
deck is steel framed with precast concrete
roof slabs and sand cement screed over to

create fall from the roof to drainage outlets.

A new Polyseal Enviro 800 Pur Top-coat
polyurethane waterproofing membrane
was installed over the existing membrane.
This carries a seven-year warranty.

Elmich VersiCell® structural (weight-

bearing) drainage modules were installed
underneath pervious paving material. The
open drainage layer allows free flow of
water through to the waterproofed roof
deck. No changes were made to the pre-
existing drainage points. ZinCo Filter Sheet
SF was used over the drainage modules.

The growing medium (saturated bulk
density 750 kg/m®) was mixed by Debco
to a recipe specified by The University of
Melbourne’s Green Infrastructure Research
Group. Growing medium is used at depths
of 200 mm in shallow planter boxes, and
400 mm in deep planter boxes.The same
growing medium is used on the ‘hill at a
depth of 200 mm over most of its face,
although the depth increases to 400 mm
depth at the top and on the western face
of the hill, to allow for the expanding root
system of the Chinese Wisteria. The build
up of the hill is created from recycled
expanded polystyrene blocks, overlaid
with an Elmich VersiWeb® 200 mm deep
cellular confinement system to contain the
growing substrate. The hill is covered with
geotextile, and plant root masses were
installed into slits cut into the fabric.

?
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The substrate and plant selection was
made with consideration of the Growing
Up team’s desire to install a sustainable
green roof that did not require irrigation.
However, after project handover, the
building owners installed a drip irrigation
system for use particularly during harsh
summer weather conditions. Captured
rainwater is supplied to the productive
garden and perimeter planters, but the hill
zone is flourishing without irrigation.

Plants were supplied in a range of sizes,
from tubestock, and |4 cm through to

30 cm containers from members of the
Nursery and Garden Industry Victoria.
The University of Melbourne's Green
Infrastructure Research Group grew most
of the succulent plant species that were
installed as tubestock. A total of |,664
plants were installed.

I The Growing Up roof garden at completion
2 Two years later
3 Three years later

Images in this case study courtesy Diana Snape Photography, for Bent Architecture.
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Plant species used

Culinary herbs Climbers Succulents Shrubs
. . Banksia
L d

oman' rc/], Origanum vulgare Fassiflora edulis Sedum ﬁ;uiﬂrmg or spinulosa
anllrertFl)folyla Oregano Passionfruit pachyphyllum Lerr?on 4 ‘Birthday

fttle Fal Candles’

: Rosmarinus officinalis Olea -
A th .

”’goza” o R. officinalis prostratus Wisteria sinensis Chinese Sedum europaea Halrp!n
flavidus Rosemary (upright and Wisteria xrubrotinctum European ETLT
Kangaroo Paw Y AP op cultivar

g prostrate forms) Olive
Dianella tasmanica Thymus vulgaris Aphanopetalum resinosum l%/ledum mexicanum
, . . exican
Tasmanian Flax-lily Common Thyme Gum Vine S
tonecrop
Themeda australis Salvia officinalis o ., Aloe ‘Always Red'
Kangaroo Grass Culinary Sage ATl G Aloe ‘Gemini’
P jasminoides ‘Lady DI’ Kleinia repens
BowerVine cultivars Chalk Sticks
Clematis glycinoides Forest  Lampranthus
Clematis deltoides
Maintenance Costs

The garden is maintained once a
month by a horticulturalist, and the Component (of 1

i .
building management team carries out Timber and metal work (including planter boxes, seats, $135.850

some maintenance in between these pergola, roof lift, access ladder; fencing and sculpture)

scheduled visits.

o . . . Building preparation works (including scaffold, handrail, crane) ~ $14,500
Plant nutrition is provided as eight to nine-

month low phosphorus controlled-release General construction items (including roof access anchors,
fertiliser, applied at half the recommended signage, light, power and plumbing and upgrades for Building $35,608
rate, as required. Code of Australia compliance)
. Permeable paving $23220
Results and reflections
The rooftop has been popular and is used Ronstan cables $2,000t
throughout the year as a social space by
the building occupants. The rooftop can be Plants $5,000
booked for functions and is open annually
to the public as part of The Committee for Rainwater tank & pump $2,500
Melbourne’s ‘Melbourne Open House'.
Elmich green roof system in-kind*
Growing media in-kind*
Plants in-kind"

T Further structural rod & cable systems for green walls and landscaping and cable systems for
balustrades and railings were provided at cost price by Ronstan Tensile Architecture, a sponsor of
Growing Up

*The green roof system and labour for installation was provided as in-kind support by sponsor
Green Roof Technologies, this had an estimated value of $60,000

I Provided as in-kind support by sponsor WeBlow

"Provided by sponsors Proteaflora, Aloe-Aloe Horticulture, Merrywood Plants and Majestic Plants,
Substrate installation this had an estimated value of $8,500
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Appendix

Green roof growing substrates

The design of a green roof growing substrate must include
specification of the following physical properties, outlined in Table

| 3. Many of these measures are used in the development of
growing media for containers and landscaping soils, making this
information relevant to development and testing of growing media

for use with some green wall and facade systems. Referenced

standards used to develop this table are AS 3743 2003, Appendix

B, and the Singapore Centre for Urban Greenery and Ecology

Standards: these are listed in the References section. It is valuable
to obtain independent testing and verification of the properties of

substrate mixes on large scale commercial green roof projects.

Table 13. Properties that should be specified in growing substrates

Property

Definition

What it means in relation to green
roof substrates

Unit of
measurement

Saturated
bulk density

Air filled
porosity
(AFP)

Water
holding
capacity

(WHC)

pH

Electrical
conductivity
(EC)

The mass of a known volume of
a material under fully saturated
conditions

The percentage of air held by a
known volume of fully saturated
growing substrate, just after it has
stopped draining. AFP is measured
by watering and draining a known
volume of substrate under a set of
standard conditions described in
AS 3743 2003, Appendix B.

The total amount of water

a known volume of growing
substrate can hold after it has
been watered and drained under
standard conditions described in
AS 3743 2003, Appendix B.

The measure of the acidity or
basicity (alkalinity) of a solution,
expressed as the negative log
concentration of free hydrogen ion
(H+) it contains.

Determination of the ability of salts
dissolved in solution to conduct
electricity

The maximum possible weight of the growing
substrate (assuming no ponding water sitting
above the top of the substrate) as it includes
the weight of the material and of water that
drained freely from it under test conditions. This
parameter is set by the roof weight loading.

AFP provides an indication of the likely aeration
of the growing substrate and flags any potential
for waterlogging, in conjunction with water
holding capacity (below)

AFP should be 10 - 20%

WHC indicates how well the growing substrate
retains water.

WHC should be >35% or greater for an
extensive green roof, and 45% for an intensive
green roof (up to a maximum of 65%); WHC
will vary inversely with AFP (above) and an
acceptable balance of the two must be achieved

Determination of pH of an aqueous extract of a
growing substrate indicates whether any nutrient
deficiencies are likely, as pH affects the availability
of the nutrient supply to plants. Most plants show
optimal growth in growing media with pH of 6
to 7.

Optimum pH range may vary with substrate
composition pH 6 to 7.5 for mineral mixes; pH
5.5 — 6.5 for organic mixes; pH 5.5 — 8.0 should
provide acceptable growth for most species.

An indication of the degree of salinity of a
growing substrate: high salt content can impair
plant growth.

Growing substrates should have EC of less than
2 dS/m

g/cm3 or I<g/m3

% (of known
substrate volume)

% (of known
substrate volume)

No unit; range
from | (acid) to 14
(alkaline, or basic)

Solutions with

pH below 4 are
extremely acid,
and solutions with
pH above 10 are
extremely alkaline

deciSiemens per
metre (dS/m) or
measure total

dissolved salts in

ppm
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Table 13. Properties that should be specified in growing substrates (continued)

Unit of
measurement

What it means in relation to green

R roof substrates

Property

Cations such as calcium, magnesium, potassium
and ammonium (a source of nitrogen) are
crucial for healthy plant growth. Decomposition
of organic materials such as pine bark and coir
increase the cation exchange capacity of growing
substrates. Colloidal materials such as clay also

Cation The ability of growing media to ; ‘
exchange attract and hold positively charged ~ Provide CEC but these are usually present in very  jjiequivalents or
capacity ions (cations) thus making them low proportions in green roof growing mixes. ppm
(EES) SIS TR S Analytical laboratories determine CEC, by
measuring the amounts of different exchangeable
cations in growing media.
Growing substrates should have CEC of 50 — 100
mEg/I
For an extensive green roof growing substrate
] ) A measure of how rapidly water the infiltration rate should be .0 mm/min or 60 mmm/min or /m2/h
Infiltration ‘ : I/m2/h
rate soaks into a growing substrate,

rowing medium or soil : . : :
growing medium or so For an intensive green roof, infiltration rate s

should be 0.6 mm/min or 36 I/m2/h

Australian Standards also specify testing requirements for growing ~ Water is held by capillarity between small, tightly packed particles

substrates and media to ensure they are not toxic to plant growth.  in the growing substrate, and it is this water that is available to

plants. A mix with a high proportion of fine particles will retain
Green roof growing substrates are designed to have a mix of large

and medium-sized particles to create an open, porous structure
inside which smaller particles can fit. The sizes and proportions

of small particles and their packing inside the large pores make a
major contribution to the amount of water the mix can retain.

more water than a mix composed of few fine particles. Figure 24
compares the general characteristics of growing substrates used
on deeper and shallower green roofs.

Figure 24. A comparison of growing substrates

size coarse ine
Water-holding
capacity M A growing substrate designed for a shallow green roof (left hand side)
: will be more open and free draining than a substrate designed for a

_ deeper green roof (right hand side). Because of the shallow depth of

ﬁ\(';g!is _m some roofs, the risk of waterlogging is great. Waterlogging decreases
oxygen in the root zone, and limits plant growth. Diagram adapted

reserves £

The report The Matter of Landscape: Sustainable Design Strategies

for RMIT City Campus provides further information on different

elements growing mediums and their properties.

There are no Australian specifications for the composition and physical
properties of green roof growing substrate, and often international
specifications are used or adapted. Table 14 outlines the properties
of green roof growing substrates as specified by Germany’s FLL and
Singapore's Centre for Urban Greenery and Ecology.


http://sustainability.edu.au/material/teaching-materials/matter-landscape-sustainable-design-strategies-rmit-city-campus/
http://sustainability.edu.au/material/teaching-materials/matter-landscape-sustainable-design-strategies-rmit-city-campus/
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Table 14. Properties of green roof growing substrates

Extensive Intensive
Clay and silt content <15% by mass <20% by mass
Proportion of particles s o
> 4mm in diameter < 50% by mass < 40% by mass
. <65 g/l (FLL) <90 g/l (FLL)
Organic matter 10-25% (CUGE) 5-10% (CUGE)
Settling No more than 0% of nominal depth (AR OSSN YR S S
50 cm deep
Water permeability 0.6 - 70 mm/min 0.3 - 30 mm/min
. ® > 45% by volume
Water storage capacity > 35% by volume (maximum of 65%)
Air-filled porosity > 0% > 0%
pH 60-85 60-85
Total soluble salts [.5-35¢gl [.5-25¢gl
Table |5 shows a range of components commonly used in green mixes. Comparative values for topsoil and sand are also provided
roof growing substrates and reasons for using them, along with for reference, but their high bulk density often limits or precludes
indications of their saturated and dry weights. This represents a their use.

very small number of components that could be used in growing

Table 15. Comparison of materials used in green roof growing substrates and their saturated bulk density

. Saturated bulk Dry bulk density
Material Component Reason used density (kg/m?) (kg/m?)
Ash Waste product [160—- 1310 640 — 900
Organic materials (coir, ~ Waste product, water B B
Recycled waste pine bark, compost) retention, CEC ZEOSSIHI 2O
products
Crushed ceramics .
(brick, roof tile) Longevity, recycled 1090 — 1300 1640 — 1720
Scoria aggregate rock Longevity 1290 — 1560 670 — 1000
Quarried products ¢, o0 descri
- p‘t . B B
crushed rock (NDCR) Longevity 1530 — 1730 1030 — 1270
Perlite Light weight 500 — 800 40
Inert volcanic . .
products Pumice Longevity; porous and B B
(Hekla, lceland) light weight 240753 260490
Synthetic ,
additives Hydrocell Inert, water-retention 660 27
Loamy topsoil 1700 — 2400 1000 — 1900
Sand 1800 — 2200 1440 —1650
Water 1000
Burnley extensive green roof medium 1370 850

Values compiled from Handreck and Black, University of Melbourne Green Roof Infrastructure Group research data, Weiler and Scholz Barth, Dunnett

(Small Green Roofs) and JEI International.
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Glossary

Basal shoots Shoots arising from buds at the stem bases or
roots of a plant. Continued production of basal shoots through
rejuvenation pruning is important to promote coverage of the
lower areas of a green facade, as some climbing plant species
open up at the base over time.

Controlled release fertiliser Fertiliser composed of
inorganic cations and anions held within resin beads or prills.
Nutrients are released over time as water solubilises the ions.
Controlled release fertiliser; abbreviated CRF, is also known as
slow release fertiliser.

Crop factor A measure of water use by plants, taking into
account their leaf area. The crop factor increases as plants
increase in size and require more water to support their growth,
and also varies with the season. Water use by leafy plants is higher
when temperatures are warm and solar radiation is high.

Cultivar Cultivated variety of a plant that has been selected for
some special attribute. Cultivated varieties are indicated with a
name included inside a pair of apostrophes e.g. Achillea Walther
Funcke'.

Dead load Permanent weight load imposed on a structure
by the combination of fixed elements and by the weight of the
structure itself. Measured in kilograms per square metre.

EC Electrical conductivity, a measure of the ability of salts
dissolved in solution to conduct electricity. High salt content in
the growing medium can impair plant growth.

Evapotranspiration The combined loss of water from
transpiration by plants and evaporation of water from the growing
substrate and plant surface.

Fertigation Delivery of water for irrigation containing
dissolved low level fertiliser; used in hydroponic growing systems.

Growing medium/substrate Materials that act as a soil
substitute, providing physical support to the root system of a plant,
and delivering water, oxygen and nutrients needed for growth.
Growing media includes potting mixes used for containers,
through to specially designed growing substrates composed of
largely inorganic materials designed for use on green roofs.

Landscape coefficient A factor that is used to calculate
the rate of water loss by evapotranspiration, based on the crop
factor, the density of planting, and microclimatic factors that affect
water loss from the plants and growing medium (e.g. the degree
of shade on a site).

Live load Temporary weight load imposed on a structure by
the addition of people and moveable items.

Personal protective equipment Safety clothing, helmets,
gloves, dust masks or independently ventilated masks, goggles and
safety glasses; abbreviated as PPE.

Petiole The stalk of a leaf.

PH The measure of acidity or alkalinity of a solution, pH ranges
from | (acid) to 14 (alkaline). Optimal growth of most plant
species is obtained with growing media that have pH values of 6
to 7.

Porosity The ratio of the volume of void spaces in a substrate
(or soil) to the total volume. Porous substrates allow water and air
to move through.

Potable water \Water that is safe for humans to drink

Rhizome An underground stem, arising from the root mass
of a plant, that gives rise to roots and shoots at nodes, and the
production of genetically identical plants.

Saturated bulk density The mass of a known volume of a
material under fully saturated conditions, expressed in g/cm? or
kg/m’.

Stolons Stems arising from buds the base of a plant, that grow
horizontally at or just below the soil surface. Roots and shoots
(leaves) will develop at nodes on a stolon, to produce a series of
interconnected, genetically identical plants e.g. runners produced
by strawberry plants.

Total dissolved solids A measure of all inorganic and
organic substances contained in a solution, measured in parts per
million

Transpiration Water movement through a plant, from its
uptake by the roots through water conducting tissues, to its exit
through openings in leaves and stems.

Water-holding capacity The total amount of water a
known volume of growing substrate can hold after it has been
watered and drained under standard conditions described in
Australian Standard 3743 2003, Appendix B. Water-holding
capacity is expressed as a percentage (of substrate volume),
abbreviated as WHC.

WSUD Water Sensitive Urban Design is the planning of water
use on a site to build landscapes that work with the natural water
cycle. It includes treatments that are designed to avoid, or at least
minimise, the environmental impacts of urbanisation, such as rain
gardens or biofiltration ponds that are important in cleaning urban
run-off.
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Resources

References and source material

This section provides a list of the books, Australian and
international standards, and websites and companies that were
used or provided as resources in writing Section 3:Technical Guide
of Growing Green Guide:A guide to green roofs, walls and facades

in Melbourne and Victoria, Australia. It is not an exhaustive list of
resources relating to green roofs, walls and facades, and readers
are encouraged to explore other sources of information.

The Green Roofs Australasia and Landscaping Victoria websites
contain industry directories that list providers of green roofs,
walls and facades, product suppliers and designers.

Text sources

Blanc PThe Vertical Garden: From Nature to the City, WW
Norton & Co, 201 |

Cantor SL, Green Roofs in Sustainable Landscape Design, WW
Norton & Co, 2008

Carpenter, S, Green roofs and vertical gardens, International
Specialised Skills Institute, 2008

Connellan, G, Water Use Efficiency for Irrigated Turf and
Landscape, CSIRO Publishing, Collingwood, Victoria, 201 3.

Dunnett N, Kingsbury N, Planting Green Roofs and Living Walls,
Timber Press 2004

Fassman-Beck EA, Simcock R, Living Roof Review and Design
Recommendations for Stormwater Management, Auckland
Council Technical Report 2013/045,2013

Handreck KD, Black ND, Growing Media for Ornamental Plants
and Turf, University of New South Wales Press, 4th edition, 2010

Hitchmough JD, Urban Landscape Management, Inkata Press, 1994

Hopkins G, Goodwin C, Living Architecture, CSIRO Publishing,
2011

Hopkins G, Goodwin C, Milutinovic M, Andrew M, Feasibility
study: living wall systems for multi-storey buildings in the Adelaide
climate, Report for the Government of South Australia, 2010.

Hui S, Guidelines for the design and application of green roof
systems, The Chartered Institution of Building Services Engineers
Hong Kong, November 2013

Luckett K, Green Roof Construction and Maintenance, McGraw
Hill, 2009

Norton BA, Coutts AM, Livesley SJ,Williams NSG, Decision
principles for the selection and placement of green infrastructure,
Victorian Centre for Climate Change Adaptation Research, 201 3.

Perkins, M, Joyce, D, Living Wall and Green Roof Plants for
Australia, RIRDC Publication No. | 1/175, Rural Industries Research
and Development Corporation, 2012

RMIT, The Matter of Landscape: Sustainable Design Strategies
for RMIT City Campus, 2013 http://sustainability.edu.au/material/
teaching-materials/matter-landscape-sustainable-design-strategies-
rmit-city-campus/

Snodgrass EC & Snodgrass LL, Green Roof Plants, Timber Press,
2006

Snodgrass E, Mcintyre L, The Green Roof Manual: A Professional
Guide to Design, Installation and Maintenance, Timber Press 2010

Snodgrass EC, Dunnett N, Gedge G & Little ], Small Green Roofs:
Low-tech Options for Greener Living, Timber Press, 201 |

Tan A, Chiang K, Vertical Greenery for the Tropics, CUGE
Singapore, 201 | reprint.

Weiler SK| Scholz-Barth K, Green Roof Systems, John Wiley &
Sons, 201 |

Standards

Australian Standards

National Construction Code

AS [141.0 Methods for sampling and testing aggregates
AS |170.1 Dead and live load combinations
AS|170.2Wind loads

AS3743 Potting Mixes

AS 3740 Waterproofing of domestic wet areas
AS4419 Soils for landscaping and garden use

AS/NZS 4858:2004 Wet area membranes

AS4654.2-2012 Waterproofing membranes for external above
ground use - Design and installation

International Standards

Australia does not yet have its own standards for design,
construction and maintenance. The Australian green roofs industry
often bases decisions on international standards and literature,
some of which are identified below.

FLL Guideline

The first guideline for the construction of green roofs appeared in
Germany in 1982, under the title of “Principles of Green Roofing”.
Since 1992 it has been known as "“Guidelines for the Planning,
Construction and Maintenance of Green Roofing — Green
Roofing Guideline”. It is produced by the Forschungsgesellschaft
Landschaftsentwicklung Landschauftsbau e.V. (abbreviated to

FLL), or, in English, the Landscape Development and Landscaping
Research Society e.V. The regulatory commission on Green
Roofing oversees revisions of the FLL Guideline, in consultation
with a large working group. The Guideline has been revised

and updated seven times and provides the accrued benefits of
three decades of extensive research and development. The FLL
Guideline is available for purchase from the FLL website (www.fll.
de). The most recent revision in English was published in 2008.


http://www.fll.de/shop/home?___store=english&___from_store=german
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Centre for Urban Greenery and Ecology

In 2010, Singapore’s Centre for Urban Greenery and Ecology
(CUGE) began to produce its own locally relevant set of
standards. CS E: Skyrise Greenery is a set of 9 guidelines covering
all aspects of green roof design and construction.

CS E01:2010 Guidelines on design loads for rooftop greenery
CS E02:2010 Guidelines on design for safety for rooftop greenery
CS E03:2010 Guidelines on substrate layer for rooftop greenery

CS E04:2010 Guidelines on filter, drainage and root penetration
barrier layers for rooftop greenery

CS E05:2012 Guidelines on waterproofing for rooftop greenery
CS E06:2012 Guidelines on irrigation for rooftop greenery

CS E07:2012 Guidelines on general maintenance for rooftop
greenery

CS E08:2012 Guidelines on design and construction of pitched
green roof

CS E09:2012 Guidelines for planting of trees, palms and tall shrubs
on rooftop

ASTM International

ASTM International (formerly the American Society for Testing
ASTM International (formerly the American Society for Testing
and Materials) oversees the development of standards used in
many parts of the world, though predominantly in the USA and
Canada. Several standards are available that relate to materials
selection and testing of materials for green roofs, including
ASTM E2400-06 Standard Guide for Selection, Installation, and
Maintenance of Plants for Green Roof Systems. Other guides
currently in development by ASTM International include a
selection guide for waterproofing membranes for green roofs,
and a new guide for vegetative (green) roof systems. As with the
German guidelines, these tie in closely with building regulations.

ASTM C136-06 Standard test method for sieve analysis of fine
and coarse aggregates

ASTM E2396-11 Standard test method for saturated water
permeability of granular drainage media [falling head method] for
vegetative (green) roof systems

ASTM E2397-11 Standard practice for determination of dead
loads and live loads associated with vegetative (green) roof
systems

ASTM E2398-11 Standard test method for water capture and
media retention of geocomposite drain layers for vegetative
(green) roof systems

ASTM E2399-1 1 Standard test method for maximum media
density for dead load analysis of vegetative (green) roof systems

ASTM E2400-06 Standard guide for selection, installation and
maintenance of plants for green roof systems

ASTM E2788-1| Standard specification for use of expanded shale,
clay and slate (ESCS) as a mineral component in the growing
media and the drainage layer for vegetative (green) roof systems

Resources

Web-based and company sources

Alumasc www.alumasc.co.uk

Ardex www.ardexaustralia.com

ASPECT Studios www.aspect.net.au

Atlantis www.atlantiscorp.com.au

British Council for Offices www.greenroofs.com/pdfs/sg-green_
roofs_advice_note_corpoflondon.pdf

Carl Stahl GmBH www.carlstahl.com/divisions.html

City of Chicago www.cityofchicago.org/city/en/progs/env.html

City of London www.cityoflondon.gov.uk/services/environment-
and-planning/planning/design/sustainable-design/Pages/green-roofs.
aspx

City of Sydney www.cityofsydney.nsw.gov.au/vision/sustainability/
sustainable-city-living/greening-the-city/green-roofs-and-walls

City of Toronto www.toronto.ca/greenroofs

De Boer Waterproofing Solutions www.deboer.be/EXEN/site/
index.aspx
Elmich www.elmich.com.au/home.php

Environment Design Guide www.environmentdesignguide.com.au

FM Global Data Sheets www.fmglobal.com/fmglobalregistration

Fytogreen www.fytogreen.com.au/

Green Building Council of Australia www.gbca.org.au/green-star/

Green Roofs Australasia https://greenroofsaustralasia.com.au

Green Roofs for Healthy Cities www.greenroofs.org

Green Roof Guide (UK) www.greenroofguide.co.uk

Greenscreen www.greenscreen.com

International Leak Detection www.leak-detection.com

International Green Roofs Association www.igra-world.com

Jakob Rope Systems www.jakob.ch/display/JAK/Produkte

Junglefy www.junglefy.com.au

KISSS America www.kisssusa.com
Landscaping Victoria www.liav.com.au

LEED www.usgbc.org/leed
Living Architecture Monitor www.livingarchitecturemonitor.com

Living Building Challenge http://living-future.org/Ibc

Melbourne Water www.melbournewater.com.au

National Australian Built Environment Rating Scheme
www.nabers.gov.au
Nationwide House Energy Rating Scheme www.nathers.gov.au

RCI, Incorporated www.rci-online.org
Ronstan Tensile Architecture www.ronstantensilearch.com

Sika Sarnafil http://aus.sika.com/en/solutions_
products/02/02a01 1/02a01 I'sal0.html

Smart Gardening www.savewater.com.au/how-to-save-water/in-
the-garden/plant-library

Soprema Group www.soprema.com
Sustainable Steps www.sustainablesteps.com.au

Tensile Design and Construct www.tensile.com.au

Victorian State Government Planning Schemes Online
http://planningschemes.dpcd.vic.gov.au/

Water Use Classification of Landscape Species
www.ucanr.org/sites/OC/files/ | 32534.pdf

Your Home Technical Manual www.yourhome.gov.au



www.cityoflondon.gov.uk/services/environment-and-planning/planning/design/sustainable-design/Pages/green-roofs.aspx
www.greenroofs.com/pdfs/sg-green_roofs_advice_note_corpoflondon.pdf
www.deboer.be/EXEN/site/index.aspx
www.cityofsydney.nsw.gov.au/vision/sustainability/sustainable-city-living/greening-the-city/green-roofs-and-walls
http://aus.sika.com/en/solutions_products/02/02a011/02a011sa10.html
www.savewater.com.au/how-to-save-water/in-the-garden/plant-library
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Denna mall har utvecklats inom projektet BiodiverCity av Johan Slagstedt pa Markkompaniet, Marten
Hammer pa SLU, Tobias Emilsson pa SLU och Jenny Nordius Stalhamre pa White.

Varfor en skotselbeskrivningsmall och hur ar det tankt att mallen ska
anvandas?

Malet med BiodiverCity ar att utveckla produkter, tjanster och processer som framjar och 6kar
stadens biologiska mangfald. Inom projektet skapas ett antal test beds i fullskala. Manga av dessa
innehaller biodiversa planteringar som behdver skétas lite annorlunda an traditionella utemiljoer.
Risken vid skotseln av dessa ytor ar att de skots slentrianmassigt liksom de flesta vanliga
vegetationsytorna. Det innebar troligtvis att 6nskade arter kan ses som ogras och buskar riskerar att
stympas av alltfér hard och felaktig beskarning.

De biodiversa vegetationsytorna efterliknar i manga fall naturliga vaxtsamhallen for att attrahera
insekter och djur samt ersatta och komplettera befintlig natur. Det innebar att vegetationsytorna
inte ar lika skotselintensiva som i en traditionell rabatt. Vissa arter tillats ta mer plats och vissa tillats
att férsvinna. Det kraver dock betydligt mer kunskap hos utféraren.

Noggrannheten i skétseln behéver inledningsvis och eventuellt vid vissa tillfallen i den fortsatta
utvecklingen ligga pa perennrabattniva. Daremellan handlar det mer om att “styra” vegetationen at
ett tankt hall — att hjalpa naturen att sjalv goéra jobbet. Det handlar alltsa hela tiden om utveckling.
Det &r viktigt att inte se vegetationen som nagot statiskt som bara ska forvaltas, utan att det &r nagot
levande som i stort och smatt fordndras over tid och mot ett mal. Anldggningarna kommer sa lange
de existerar att vara foranderliga och dess mal kan dndras Over tid.

| dessa biodiversa ytor kan det bli problem med de traditionella skotselplanerna som ofta beskriver
skotselatgarderna med en tidsintervall utan att beskriva utvecklingsmalen. Eftersom det ar svart att
forutse hur en mer frivaxande yta utvecklas over tiden behdvs istdllet en malbaserad skotselplan som
beskriver utvecklingen av vegetationen samt hur man tror sig komma dit. Genom regelbundna syner
av kunnig personal kan onddiga och felaktiga skotselinsatser undvikas och pengarna laggs istallet dar
de gbr mest nytta.

For att uppna ett bra resultat ar det viktigt att fa med sig alla som har hand om skoétseln sa att de
forstar hur det ar tankt att vegetationsytorna ska se ut och varfor. Da har de mojlighet att kdnna ett
engagemang for platsen och sina arbetsuppgifter samt vara stolta 6ver resultatet.

Det ar dven viktigt att brukarna forstar hur det ar tankt att vegetationsytorna ska se ut och utvecklas
och varfor. Mer naturlika vegetationsytor kan periodvis upplevas som skrdpiga och om
brukarna/stadens invanare inte tycker om sin ndrmiljo ar det svart att motivera dess existens.

| denna skotselplansmall har det darfor lagts stor vikt vid olika beskrivningar av omradet. Dessa
beskrivningar kan med foérdel lyftas ur skétselplanen och anvdndas som information till brukarna.

Pa sidan 3 finns en figur som beskriver mallens uppbyggnad. De forsta tva rubrikerna Projektet och
Delomrdden ar tankta for beskrivningar av projektets olika delar. De blir olika utférliga beroende pa
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vad som finns pa platsen fran boérjan, hur stort och detaljerat omradet ar samt vilken typ av miljo det
handlar om. Under rubriken Skétselprodukter beskrivs hur skdtseln ska utforas for olika typer av
vegetationselement. Har finns ett antal exempel pa skotselprodukter vilka kan anvandas och
anpassas efter projekten. Under Delomrdden hanvisas till dessa skotselprodukter.

Mallen ar tankt for bade stora och sma projekt och kan anvandas sa som passar projektet béast. Vid
mindre projekt kanske skotselprodukterna bakas in i delomradestexten eller beskrivs direkt under
projektetrubriken utan delomraden. | stérre projekt kan det finnas en poang i att dela upp
delomraden och skotselprodukter for att undvika allt fér manga upprepningar.

Objekt med komplexa vegetationsytor och hég naturpragel kommer antagligen ha fokus pa
malbeskrivningen medan mer konventionella miljéer formodligen kommer styras mer med
metodbeskrivningarna.

Lycka till!
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PROJEKTET

URSPRUNGSBESKRIVNING : Vid behov beskrivs Historia, Geologi,
Ursprungsflora, Anvandning. Hanvisa till en plan vid behov.

NULAGESBESKRIVNING: Vad finns p& platsen idag? Hanvisa till en
plan vid behov.

MALBESKRIVNING: Karaktarer, Grova drag, Funktion, Syfte.
Hanvisa till en plan vid behov. Hanvisa till skotselprodukter.

DELOMRADEN t.ex. entréomrédet, bakgérden, taket, lunden, vadtmarken. Hanvisa garna till en plan

A Entréomradet B Bakgarden

URSPRUNGSBESKRIVNING: Vid behov.
Specifik for delomradet

NULAGESBESKRIVNING: Vid behov.

Specifik for delomradet

MALBESKRIVNING: Specifik for
delomradet

SKOTSELPRODUKTER t.ex. Stora eken, Ang, Hick, Havsstrand, Odling.

1 Ang 2 3

MALBESKRIVNING t.ex.

Illustrationer, likare,

karaktarsvaxter, Ograsnyckel

METOD Initiala t.ex. uppstamning,
gallring samt Kontinuerliga t.ex.
gallring, ogras, skrap.

Bilden beskriver dokumentets upplagg. ( Vid upprdéttande av en skétselplan anpassas bilden till
projektet eller tas bort.)
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PROJEKTET

URSPRUNGSBESKRIVNING

Exempelvis: Historia, Geologi, Ursprungsflora, Anvindning.
Hanvisa till plan vid behov.

NULAGESBESKRIVNING

Vad finns pa platsen idag?
Hanvisa till plan vid behov.

MALBESKRIVNING

Grova drag, Karaktdrer, Funktion, Syfte.
Hénvisa till plan vid behov. Visa gérna bilder som illustrerar malbilden.
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DELOMRADEN

A. Entréomrade

URSPRUNGSBESKRIVNING

Specifik for delomrddet.
Hanvisa till plan vid behov.

NULAGESBESKRIVNING

Vad finns pad platsen idag? Mer detaljerat. Specifikt for delomrddet.
Hanvisa till plan vid behov.

MALBESKRIVNING

Specifik for delomrddet.
Hénvisa till plan vid behov. Visa gérna bilder som illustrerar malbilden.

Ingaende skotselprodukter: (Hdnvisa till skétselprodukt nummer aktuella fér delomradet.)

1. Fagelskogen

4. Strandangen

7. Buskar- marktackare

14. Klattervaxter - slingrande

22. Regelbunden stadning

23. Bevattning

B. Bakgarden

URSPRUNGSBESKRIVNING

XXXXXXXX

NULAGESBESKRIVNING

XXXXXXXXXXXXX

MALBESKRIVNING

XXXXXXXXXXXX
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SKOTSELPRODUKTER

1. Fagelskogen

MALBESKRIVNING

Malet ar ett fler skiktat vedartat bestand med trad, ej uppstammade buskar och klattervaxter dar
faglar kan hitta féda och skydd. Slutmal &r ett antal storre trad, minst ett/planteringsyta, omgardade
av buskar och busktrad, minst 3 arter/ planteringsyta. | och mellan buskarna skapas sma rumsligheter
for barnen att vistas i. Traden tillats bli klattringsbara.

Under etableringstiden, uppskattningsvis ca 5ar, skyddas vegetationen av obarkade storar
monterade som ett hogt staket. Stérarna ar obarkade for att bidra till den biologiska mangfalden
genom en livsmiljo for barklevande insekter. Klattervaxter leds upp dels i staketet och dels i

vaxtligheten i 6vrigt och bidrar dven de till vind och vaderskydd.

Referensbild fran Nydalaskolan innan dér Barn i Stan tillsammans med elever rensade och réjde
gdngar och gldntor i skogsdungen pa skolgdrden. Foto: Gréna skolgédrdar, 2010.

Trdd nyplanterade i fagelskogen:
Carpinus betulus — Avenbok, Quercus robur — Ek, Prunus avium — Fagelbar, Sorbus aucuparia — R6nn
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Buskar nyplanterade i fadgelskogen:
Amelanchier spicata — Haggmispel, Cornus mas — Korsbarskornell, Crataegus grayana — Hagtorn,
Mahonia aquifolium — Mahonia, Viburnum farreri — Kejsarolvon

Kldttervdxter nyplanterade i fagelskogen:
Hedera helix — Murgréna, Humulus lupulus — Humle,

METOD

Trad ska uppbyggnadsbeskaras vid behov sa att tradet blir taligt t.ex. sa att sma grenvinklar som
riskerar flakskador undviks eller sa att grenar inte néter pa varandra. Flerstammiga buskar ska inte
beskaras annat dn att déda och brutna grenar ska avlagsnas.

Klattervaxter binds upp mot stérarna alternativt leds upp i naraliggande buskar eller trad.

Vid syn ska kontrolleras om nagot trad kan utgéra en skaderisk. Atgarder som eventuellt behover
vidtas ska rapporteras till ansvarig.

2.Strandskogen

MALBESKRIVNING

Malet &r att vaxterna pa platsen bildar en lek skog som ar bade talig och tillatande att vara i for
barnen pa forskolan. Det betyder att gangar och glantor kommer att bildas dar grenar och 16v
anvands som lekmaterial. Under host-vinter-var ar det ganska blott i planteringen och
forhoppningsvis skall det torka upp efter hand som vaxterna etableras.

Perennerna i 6n och i kanten skall gynnas och malet ar att de skall bidra till att skugga ut ogrds samt
garna far sprida sig in i planteringen. Dock kan ett hart lektryck pa sikt géra att perennerna inte
utvecklas och det ar okej.

Trdd nyplanterade i fagelskogen:
Alnus glutinosa — Klibbal

Buskar nyplanterade i fagelskogen:
Salix alba — Vitpil, Salix caprea — Salg, Salix fragilis ‘Bullata’, Salix pentandra — Jolster, Salix purpurea
"Nana’

Perenner nyplanterade i fadgelskogen:
Eupatorium cannabium — Hampflockel, Lythrum salicarie — Fackelblomster, Phalaris arundinacea —
Rorflen.

10
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Referensbildbfran Dammfriskolans kulle som anlades av Malmé Naturskola 2004 och planterades
med Salix ndgot dr senare, foto: Karin Bengtsson, 2012.

METOD

Trad ska beskaras vid behov sa att tradet blir taligt t.ex. sa att sma grenvinklar som riskerar
flakskador undviks eller sa att grenar inte noter pa varandra. Flerstammiga buskar ska inte beskaras
annat an att doéda och brutna grenar ska avlagsnas.

Ange beskrivning av utseende da atgard ska utféras istallet for tidsintervall.
Ogras avlagsnas mekaniskt inklusive rotter. Marktackning ska aterstallas efter ograsrensning.

Vid syn ska kontrolleras om nagot trad kan utgora en skaderisk. Atgarder som eventuellt behover
vidtas ska rapporteras till ansvarig.

3.Fjarilsangen- nektarvaxter

MALBESKRIVNING

Sluten plantering i odlingskarl med buskar, klattervaxter och perenner som ar nektarvaxter for
fullvuxna fjarilar. Ytterligare syften med planteringskarlen och dess vegetation ar att vara vind- och
solskydd for lekande barn samt pedagogisk odling. Malet ar att arligen fa en ”"frodig blommande
rabatt” som attraherar fjarilar. Arterna kommer att konkurrera om utrymmet och malet ar att
bibehalla sa manga arter som majligt som ger en spridning i blomningstid. Om nddvéndigt kan byte
av art ske. Fjarilsangen ska minst innehalla tva arter av buskar, tre sommarblommande arter av
perenner, tre hostblommande arter av perenner samt en l6kvaxt.

11



Arter i fjdrilsdngen:
Salix fragilis Knackepil
Salix caprea Salg

Buddleja ’Black Night’

Syrenbuddleja

Buddleja 'Pink Delight’

Echinops ritro Bolltistel
Achillea millefolium Rolleka
Eupatorium Hampflockel
cannabinum

Eupatorium maculatum | Rosenflockel

purpureum

Hesperis matronalis

Tradgardsnattviol

Knautia arvensis Akervadd
Knautia pratensis Angsvadd
Lavandula angustifolia | Lavendel
Origanum vulgare Kungsmynta,
indianmynta
Sedum telephium Karleksort
'Matrona’
Thymus serpyllum Backtimjan
’'Splemdens’
Tussilago farfara Tussilago
Crocus vernus Krokus
Muscari botryoides Parlhyacint

Allium

Projektnamn, nummer, datum

12
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Fjdrilsrabatt i Iada . Foto: Petra Bengtsson, 2011.

METOD

Buskar och klattervaxter beskars fackmannamassigt korrekt och sa att de ger lagom skugga i
forhallande till 6vriga véxter i planteringen samt sol- och vindskydd pa vistelseytorna intill.

Pa hosten nar perennerna vissnat far vinterstandarna far st kvar. De klipps ner pa varvintern nar de
nya grona bladen bérjar titta fram.

Om nagon art tar over pa andras bekostnad rensas delar av den bort och halles tillbaka, alternativt
tas bort i sin helhet.

Ogras avlagsnas mekaniskt inklusive rotter.

Vattning ska ske sa att vegetationen utvecklas normalt. Under torrperioder ska vattning ske innan
vaxterna visar tecken pa uttorkning.

13
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4.Stranddngen

MALBESKRIVNING

Halvoppen plantering i odlingskarl med buskar, klattervaxter och perenner. Vaxtinnehallet utgors av
en biotop med stranddngsvaxter for sandiga torra lagen. Ytterligare syften med planteringskarlen och
dess vegetation ar att vara vind- och solskydd for lekande barn samt pedagogiskt rum.

Strandadngen kan over tid utvecklas till mer eller mindre artrik. Den ska minst innehalla en buskart,
tva arter av klattervaxter samt 10 arter av perennerna fran véxtlistan nedan. Minst tre stycken
livskraftiga plantor av perennerna behdvs for att det ska raknas som en art.

(Arter beskrivs hdr eller i nuldgesbeskrivning for delomrddet.)Buske nyplanterad pad
stranddngen:
Hippophaé rhamnoides- Havtorn,

Kldttervixter nyplanterade pd stranddngen:
Prakthaggmispel Amelanchier 'Ballerina’
Korsbarskornell Cornus mas

Humulus lupulus- Humle

Parthenocissus quinquefolia- Vildvin

Rosa baggeriana- Polstjarnan

Rosa multiflora- Japansk klatterros.

Perenner nyplanterade pa stranddngen:
Asparagus officinalis- Sparris

Cacile maritima Scop- Marviol

Crambe maritima- Strandkal, Leynus arenarius- Strandrag
Achillea millefolium- Rélleka

Armeria maritima- Strandtrift

Filipendula vulgaris- Brudbrod

Galium verum- Gulmara

Hypericum maculatum- Fyrkantig johannesort
Hypericum perforatum- Akta johannesort
Knautia macedonica- Grekvadd

Knautia pratensis — Angsvadd

Lotus corniculatus — Karingtand

Pilosella aurantiaca — Rodfibbl

Pilosella officinarum- Grafibbla

Primula veris- Gullviva

Scabiosa columbaria- Faltvadd

Scabiosa lucida- Glansvadd.

METOD

Buskar och klattervaxter beskars vid behov, sa att de inte skuggar ut ovriga vaxter i planteringen men
sa att de ger maximalt med sol- och vindskydd pa vistelseytorna intill.

Pa hosten nar perennerna vissnat far vinterstandarna far sta kvar. De klipps ner pa varvintern nar de
nya grona bladen boérjar titta fram.

14
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Om nagon art tar over pa andras bekostnad rensas delar av den bort och halls tillbaka, alternativt tas
bort i sin helhet om 6vrig malbeskrivning kan uppfyllas.

5. Trad — 6vre tradskikt

MALBESKRIVNING

Overstandartraden ska vara sa sirliga som méjligt. Det ar inte
bladmassan som anger kvaliteten pa vegetationen utan de smackra
stammarna och de mycket genomsiktliga kronorna som vajar hogt
over garden. Det ska vara ett tydligt avstand mellan 6verstandarnas
lagre niva till det lagre tradskiktets 6vre niva.

Ett for tatt krontak 6kar inte upplevelsen av gronskan. Tvart om kan
ett for tatt I6vverk latt géra garden mork vilket gor den mindre
trevlig att vistas pa och uppleva inifran saval som bristen pa solenergi
avsevdrt hammar den underliggande vegetationens utveckling.

Arter:
Korstorne Gleditsia triacanthos 'Skyline'

Referensbild éver sirliga trdd i tdt stadsmiljé fran New York.

METOD

Traden ska kontinuerligt beskaras for att fa hoga och sirliga kronor. De ska stammas upp och
flerstammighet och karaktar ska premieras. Sma ingrepp i god tid gor att man hela tiden styr
utvecklingen istallet for att i efterhand korrigera ett felaktigt vaxtsatt med stora snittytor och
forlorad tillvaxt som foljd. Beskdrningen fors under juli-september, dels for att underlatta
snittforslutningen, dels for att det ar sommartid man bast kan avgdra om krontaket ar tillrackligt
genomslappligt.

6. Trad — lagre tradskikt

MALBESKRIVNING

Det lagre tradskiktet ska ligga som ett innertak i
vissa deltar av delomradet. Tradens, eller snarare
busktradens, vaxtsatt far garna vara vasformigt (se
bild). Stammarna ska vara putsade s3 att princip inga
I6v finns nedanfor kronan. Det dr stammarnas antal
och uttryck som bidrar till en stor del av
upplevelsen. Grénskans intensitet ska hallas pa en
sirlig niva. Skuggan ner pa marken fa inte vara sa
djup att inte busk- och faltskikt kan utvecklas pa ett
bra satt.

Referensbild 6ver upplevelsen av ldgre trddskikt, pa bilden hasselbestdnd i gles ekskog.

15
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Arter:

Prakthdaggmispel Amelanchier 'Ballerina’
Korsbarskornell Cornus mas

METOD

Busktraden ska kontinuerligt beskéaras for att fa valdefinierade kronor som tydligt skiljer sig i
gronstrukturen fran de 6vre tradskiktet och det underliggande busk- och faltskitet. Beskarningen fors
under juli-september, dels for att underlatta snittforslutningen, dels for att det 4r sommartid man
bast kan avgdra om krontaket ar tillrackligt genomslappligt kontra slutande.

Referensbild éver det ldgre trddskiktet ldge gentemot de évriga skiktet i grénstrukturen.
7. Buskar - marktdckande

MALBESKRIVNING

Laga buskar och krypande klattervaxter i storre grupper som har ska bilda tata gréna volymer fran
markniva upp till en dryg meter. Buskagen ska skapa lugn och tydlig struktur for att det i Gvrigt stora
artantalet inte ska ge anldggningen ett alltfor plottrigt intryck. Buskarna ska ses som bestand och inte
som enskilda individer.

Referensbild av Iag marktéckande buske, héir en
lagerhdgg (Prunus laurocerasus 'Mt Vernon').

Arter:

Murgrona Hedera helix '"Hymn' E
Klatterhortensia Hydrandea petiolaris
Brokbladigt getris Diervilla sesilifolia 'Cool Splash'
Bjorkspirea Spiraea betulifolia 'Tor' E

16
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METOD

Buskarna ska hallas i god vitalitet genom t.ex. genom kontinuerlig gédsling, mulchning och
foryngringsbeskarning. Beskarning ska ske forst da vitaliteten sjunker pga. av att buskarna ar
foraldrade. Det kan vara att buskarna har ett litet antal, mycket grova, grenar som gor dem glesa, att
bladen blir mindre eller blomningen minskar. Beskarning av buskar gors pa varvintern.
Klattervaxterna beskérs for att begrdnsa utbredningen sa att de inte tar 6ver ytor de inte ar amnade
for t.ex. perennbestand och gangytor, Denna beskéarning gors lampligen sommartid da man latt ser
bladmassans omfattning.

8. Buskar - solitdrer

MALBESKRIVNING

Solitarbuskarna ar sddana som ska upplevas pa individniva
och vars framsta funktion ar att vara till prydnad . De ar i de
flesta fall mer storvaxta an de marktackande buskarna och
lagre an busktraden i det lagre tradskiktet. Buskarna ska ha
ett naturligt uttryck och ska endast i undantagsfall beskaras.

Referensbild av japanskt gaffelolvon (Viburnum furcatum)

Arter:
Hybridolvon Viburnum x burkwoodii

METOD

Beskéarning gors framst av skadade grenar eller grenar som vaxer ut i gangar och mot fasad samt av
eventuella rotskott. Buskarna ska ha ett naturlig vaxtsatt. Eventuell beskarning ska ske i juli-
september.

9. Klattervaxter

MALBESKRIVNING

Klattervaxterna ar pa denna ytmassigt begransade gard mycket viktiga element nér det giller att
skapa gronska pa garden och det ar darfor viktigt att det halls vitala och frodiga.

Arter:

Murgréna Hedera helix 'Hymn' E
Klatterhortensia Hydrangea petiolaris
Skogskaprifol Lonicera periclymenum ' Serotina'
Pipranka Aristolochia macrophylla
Klematis Clematis 'Georg' E

Referensbild av manchurisk pipranka (Aristolochia mandshurica)

17
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METOD

Beskarning gors dar de riskerar att ta 6ver for mycket eller dar de pa annat satt riskerar utgora
oldgenhet, t.ex. vid fonster, ventiler och hangrannor. Uppbindning gors sa att klattervaxternas
utbredning blir tilltalande och funktionell. Aven I&nga nerhidngande skott binds upp.

10. Klippt hack

MALBESKRIVNING

Hackarna ar mycket viktiga landskapselement och det ar viktigt att
det ar tata, friska och vdlansade som kontrast till det 6vriga, mer
vilda.

Arter:
Avenbok Carpinus betulus

METOD

Klippning utfors tva ganger pa ar (juni och sep). Hackarna ska vara
bredare i basen an i toppen for att fa maximal solinstralning och
darmed battre skottbildning i hackens nedre delar som annars
riskerar att bli gles men “golvdrag” som foljd. Sluthdjden satts initialt
till 1,0 m.

Referensbild av klippt avenbokshéick (Carpinus betulus)

11. Perenner — storre solitarer

MALBESKRIVNING

Solitdrperennerna ar en stor bidragsgivare till intrycket av vegetationen och det ar viktigt att de
vardas och utvecklas pa ett bra satt. Speciellt ormbunkarna ar mycket viktiga. De star framst i mindre
grupper, men kan om de trivs fa utveckla storre sjok.
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Referensbild av trdjon (Dryopteris filix-mas)

Arter:

Japanskt silvergras Miscanthus sinensis 'Gracillimus'
Storrams Polygonatum multiflorum

Stor hassleklocka Campanula latifolia var. macrantha
Strutbraken Matteucia struthiopteris

Trdjon Dryopteris filix-mas

Hjorttunga Asplenium scolopendrium
Hangstarr Carex pendula

METOD

Dessa perenner ska framjas och andra konkurrerande perenner och buskar ska hallas undan. Da
denna typ av vaxter ar viktig for upplevelsen av platsen ska de framjas genom erforderlig skotsel
som vattning, gbdsling, mulchning och delning.

Det ar viktigt att i den I6pande skotseln notera i vilka lagen och situationer de trivs respektive inte
trivs och hellre flytta vaxter och placera dem i lagen som ar mer gynnade fér dem an att Iata dem
tyna bort eller vara fula. De mest karaktarsgivande och darmed viktigaste ar Miscanthus, Matteucia
och Dryopteris. Skulle inte dessa fungera maste atgarder sittas in for att ersitta dem. Ovriga arter &r
sadana som ar av mindre enskild betydelse och om nagon av de andra arterna kan ta dess plats ma
det vara hant.

12. Perenner - marktiackande

MALBESKRIVNING

De marktdckande perenner ar oftast lagre och i sitt vaxtsatt
tatare an de ovan beskrivna solitdrperennerna. De har
tillsammans med prydnad som stérsta funktion att tacka
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jorden och darmed forhindra ograsuppslag. Manga av dem sprider sig med tiden i sidled vilket ofta &r

en fordel da de pa sa satt fyller igen luckor i planteringen. Marktackarna ska vaxa i ensartade

bestand.

Referensbild av flockndva (Geranium macrorrhizum 'Spessart')

Arter:
Brunndva
Vit brunnava
Biokovondva
Hasselort
Jordviva
Rosenplister

Geranium phaeum

Geranium phaeum 'Album’

Geranium x canthabrigiense 'Biokovo'
Asarum europaeum

Primula vulgaris

Lamiastrum maculatum 'Silver Beacon'

Hostfunkia Hosta lancifolia

Storfryle Luzula sylvatica 'Tauernpass'
Blasippa Hepatica nobilis

METOD

Da manga av arterna sprider sig med underjordiska utlopare far inte nagon ograsrensning ske med
hjalp av skyffeljarn, motorhacka eller liknande utan genom att varje ogras tas upp for sig med roten.
For detta behdver man i princip sitta pa knd med ogréasjarn och en handkratta eller motsvarande. D3
valmaende planteringar dr synonymt med lagt skotselbehov ska optimal vitalitet efterstravas. Detta
genom erforderlig vattning, godsling, mulchning och delning (se nedan). Det gor & andra sidan att
man maste bevaka att inte de mer starkvaxande arterna tar ver for mycket pa bekostnad av de med
svagvaxande.

Vissa, fraimst Geranium, framjas av delning och omplantering med nagra ars mellanrum, medan
andra, som t.ex. Hosta, helst ska sta orord. Delning av storre ytor kraver dock en stor arbetsinsats
och kan darfor framst bli aktuellt om vitaliteten dalar i nagon specifikt parti. Delning tas till nar
plantorna blir for glesa eller pa annat satt visar pa dalig vitalitet. Vid delningen gors alltid dven
jordforbattring och omsorgsfull etableringsbevattning.

Alla arter maste inte till varje pris finnas kvar overtid, Primula och Hepatica &r inte oumbarliga, men
ar mycket trevliga om de fungerar. Skulle det visa sig svart bér de bytas ut mot nagon annan
blommande marktackare.

13. Lokar och geofyter

MALBESKRIVNING

Lékarna ar smycken som pryder garden i var skrud innan perennerna
riktigt har kommit igang och kan axla rollen. De ska sta i grupper
uppdelade efter arterna for storsta effekt. Vissa av dem vissnar ner efter
blomning, vilket kan uppfattas som skrapigt, men som maste vara tillatet.
Andra geofyters blad forsvinner mer obemarkt.
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METOD

Da blommorna vissnat helt och bladen har gulnat kan de vissna delarna tas bort. Det ar viktigt att
bevaka var de olika arterna trivs och inte trivs, och sa nya fron eller satta nya lokar pa de stallen de ar
framgangsrika. Om det dr mindre &n 15 plantor per art i en grupp ska de kompletteras eller flyttas till
mer gynnsamt ldge och ersattas av annan art enligt listan som tros trivas battre. Ramsloken kan bli
invasiv och konkurera ut kringliggande arter och maste darmed hallas under uppsikt.

Referensbild av snédroppar (Galanthus nivalis)

Arter:

Ramslok Allium ursinum
Knolsippa Anemone apennina
Balkansippa Anemone blanda
Vitsippa Anemone nemorosa
Halnunneort Corydalis cava
Snédroppe Galanthus nivalis

14. Klattervaxter- slingrande

MALBESKRIVNING

Véxterna ska kla in sa stora delar av den Ostra vaggen som mojligt med frodig gronska. Vaxter fran
takterrassen ska valla 6ver murkanten ner pa viaggen och mota vaxterna fran gatan pa vaggen.

Pergolans tak ska tackas av gronska. Nattare klattervaxter klattrar pa de grovre for att ta sigupp i
pergolan.

Arter:

Aristolochia macrophylla - Pipranka
Clematis alpina 'Plena’ — Alpklematis vit
Clematis vitalba - Skogsklematis
Lonicera henryi — Vintertry

Lonicera periclymenum - Skogskaprifol
Parthenocissus quingefolia - Vildvin

METOD

Beskarning gors i sa liten utstrackning som maijligt dar klattervéaxterna riskerar att ta 6ver ej
onskvarda ytor eller objekt. D6da grenar skars bort.

Uppbindning ska ske for att vaxterna ska na upp och sitta kvar pa pergolataket och pa vajrar och sa
att de ej lagger sig i omkringliggande planteringsytor. Uppbindning ska ske med nedbrytningsbart
material och pa ett sadant satt att det inte skadar vaxten.

15. Strandtak

MALBESKRIVNING

Malet med vegetationen &r en blandad halv-6ppen karaktdr som for tankarna till en havsstrand eller
strandang. Arterna ar blandade 6ver hela ytan. Vegetationen kommer att sluta sig pa de flesta ytorna
men det kommer ocksa finnas en del bara partier, kullar, stenrése och vedsamlingar blandat med
vegetationen, vilket ger livsutrymme for fler olika organismer.
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Det finns tre olika vegetationssammansattningar som planteras pa olika tak. Det ar det bla/lila taket
det rosa taket och det vita taket. Respektive tak ska innehalla minst 2/3 av de arter som beskrivs i
listorna nedan och det ska vara minst 10 stycken plantor per art. Ytornas karaktarsvaxter, som ar

markerade med fet text i listorna, ska var bland dessa.

Ytorna kommer fungera som en yta man tittar pa. Man kan inte vistas pa taket utom for underhall av

hus eller sjdlva vegetationen.

1 \,E\l I

Strandtak med kullar, stenrése och vedsamlingar samt en stiliserad béckfdra i grus.

Arter pa det bld/lila taket:

Antennaria dioica Kattfot
Armeria maritima 'Arvi' Strandtrift
Artemisia stelleriana 'Mori's Form' Sandmalort
Campanula rotundifolia liten blaklocka
Carex arenaria Sandstarr
Cichorium intybus Cikoria
Crambe maritima Strandkal
Echium vulgare Blaeld
Eryngium alpinum Martorn
Festuca ovina Farsvingel
Galium verum Gulmara
Jasione montana Blamunk
Knautia arvensis Akervadd
Leymus arenarius Strandrag
Potentilla anserina Gasort
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Pulsatilla vulgaris
Saxifraga granulata

Sedum album 'Coral carpet’
Silene uniflora

Thymus serpyllum

Veronica spicata

Arter pd det rosa taket:
Ammophila arenaria
Antennaria dioica

Armeria maritima
Artemisia stelleriana 'Mori's
Form'

Crambe maritima

Dianthus aremanrius
Eryngium alpinum

Festuca ovina

Leymus arenarius

Malva moschata

Saxifraga granulata

Sedum album 'Coral carpet’
Silene uniflora

Silene viscaria

Thymus serpyllum

Arter pda det vita taket:

Ammophila arenaria
Armeria maritima 'Arvi'
Artemisia stelleriana 'Mori's
Form'

Carex arenaria

Cichorium intybus

Crambe maritima

Dianthus aremanrius
Eryngium alpinum

Festuca ovina

Leymus arenarius

Malva moschata

Saxifraga granulata

Sedum album 'Coral carpet'
Silene uniflora

Thymus serpyllum
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Backsippa

Mandelblomma

vit fetknopp
Strandglim
Backtimjan
Axveronika

Sandror
Kattfot
Strandtrift

sandmalort
Strandkal
sandnejlika
Martorn
farsvingel
Strandrag
myskmalva
mandelblomma
Vit fetknopp
strandglim
tjarblomster
backtimjan

Sandror
strandtrift

sandmalort
Sandstarr
Cikoria
Strandkal
sandnejlika
Martorn
farsvingel
Strandrag
myskmalva
mandelblomma
Vit fetknopp
strandglim
backtimjan
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METOD

En forsta kontroll kan gbras ett par manader efter etableringen for att se att faglar inte har dragit upp
en stor del av vaxtmaterialet och for att se om nagot utganget behéver kompletteras.

Lagvaxande arter som inte aterfinns bland de pluggplanterade arterna eller i fréblandningen, som
t.ex. grafibbla, rodfibbla eller kAmpar, accepteras om dess karaktar stammer éverrens med Ovriga
planteringen om de inte tar 6ver pa de andra arternas bekostnad eller om dess rotsystem inte
riskerar att forstora underliggande takkonstruktion. Man bor istallet fokusera sin energi pa att ta bort
arter som kan bli besvarliga som t.ex. olika viden (Salix sp.), jordklover eller krakvicker. Alla trad- och
buskplantor tas bort omedelbart.

Vegetationen pa kullarna, dar jordvolymen ar storre, behover dgnas mer uppmarksamhet vid
besiktningar sa att oonskade arter inte far faste.

Ogréasrensning under forsta vaxtsdasongen ska ske en gang i manaden under tillvaxtperioden. Sedan
bestams skotselintensiteten beroende pa vegetationens utveckling efter den regelbundna synen.

Bevattning ska ske under etableringstiden samt vid extrema torrperioder.
16. Stiliserad backfara av grus

MALBESKRIVNING

Den stiliserade backfaran ska upplevas som en 6ppen grusramsa mellan vegetationsytorna. Den &r
gjord av naturrunt tvattat stenmaterial. Materialet ar tankt att bryta av fran den kringliggande
vegetationen. Lagvaxande arter och fetblad kan tilldtas invadera stenmaterialet over tid.

METOD

Skotsel av stenremsorna ska inriktas pa etablerade vedartade vaxter och hogvaxande arter. Vedartat
material maste tas bort om det &r langre &n 30 cm. Ortartade véxter tas bort om de stér tanken med
en 6ppen grusremsa. Ogras avldgsnas mekaniskt inklusive rotter.

17.Bamburor

MALBESKRIVNING

Detta element syftar till att skapa boplatser till vilda bin eftersom dessa organismer har det svart
bade i urbana och mer rurala omraden. Rérsamlingarna forlorar sin funktion nar réren ar helt
nedbrutna.

METOD

Bamburdrsamlingarna bor kontrolleras vartannat ar att se att de inte har brutits ner eller pa nagot
forsvunnit fran taket. Helt kollapsade ror byts mot nya.
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18. Storar for vaxtskydd och klatterstod

MALBESKRIVNING

Under etableringstiden, uppskattningsvis ca 5ar, skyddas vegetationen av obarkade storar
monterade som ett hogt staket. Stérarna ar obarkade for att bidra till den biologiska mangfalden
genom en livsmiljo for barklevande insekter. Klattervaxter leds upp dels i staketet och dels i
vaxtligheten i 6vrigt och bidrar dven de till vind och vaderskydd.

METOD

Storarna kring planteringsytorna tas bort da de fyllt sin funktion och vaxtligheten bedéms klara av
lek, tidigast efter fem ar (november 2018). Om storarna gar sénder eller férsvinner tidigare ska de
repareras eller ersattas . De storar som klattervaxterna etableras pa far fortsatt sta kvar eller ersattas
efter fem ar.

19. Ograsbekampning

MALBESKRIVNING
Ogrés/ ej 6nskvarda vaxter ska avldgsnas innan de hotar att konkurera ut ténkta arter eller innan de
forstor helhets utseendet av planteringen.

METOD

Ograés avlagsnas mekaniskt inklusive rotter. Marktackning ska aterstéllas efter ograsrensning.
20.Vattning av planteringsyta

MALBESKRIVNING
Vattning ska ske sa att vegetationen utvecklas normalt. Under torrperioder ska vattning ske innan
vaxterna visar tecken pa uttorkning. Vid avslutad vattning ska jorden vara fuktig i vaxtens rotzon.

METOD
Droppslangar i planteringsytorna.

eller
Med fin strale som inte skadar vegetationen och med sadan méngd att jorden inte spolas bort.

21.Bortforsling av dagvatten

MALBESKRIVNING

Brunnar, rannor ska fungera sa att vatten inte blir staende.

METOD

Rensa och spola dagvattenbrunnar. Rensa hangrannor och stuprér fran [6v och annat skrap.
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22. Regelbunden stadning

MALBESKRIVNING
Omradet ska upplevas som skrapfritt. Papperskorgar ska inte vara overfulla. Viktigt att skrdp som
samlas i gronytor tas bort sa att dessa inte uppfattas som skrépiga utan som naturlika.

| lekmiljoer och miljoer tillgangliga for hundar ar det av storsta vikt att skrdp man kan skada sig pa, sa
som glas och metall, avlagsnas sa fort som maijligt.

METOD
Papperskorgar ska tommas innan det blir fulla. Syn gors X ganger/vecka. Lost skrap plockas upp
regelbundet.

23. Bevattning

MALBESKRIVNING
Vattning ska ske sa att vegetationen utvecklas normalt. Under torrperioder ska vattning ske innan
vaxterna visar tecken pa uttorkning. Vid avslutad vattning ska jorden vara fuktig i vaxtens rot zon.

METOD

Droppslangar i planteringsytorna.
eller

Med fin strale som inte skadar vegetationen och med sddan méangd att jorden inte spolas bort.
0. XXXXXXX

MALBESKRIVNING

Garna bilder som illustrerar malbilden, likare, karaktarsvaxter, ograsnyckel. Lagg in exempel pa dessa.

METOD
Ange beskrivning av utseende da atgard ska utforas istallet for tidsintervall.

0. Fjarilsangen - vardvaxter for fjarilslarver

0. Solitartrad
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0. Planteringsyta Ruderatkaraktar

0. Planteringsyta Kalkgyn0. Vatmark

0. Damm

0. Genomslapplig yta, grus, armerat gras, armerat grus
0. Snorojning och halkbekampning.

0. Kontroll av avrinning fran takrannor samt brunnar pa tak och i mark.
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UPPFOLINING OCH REVIDERING
Uppfoéljning

Regelbunden Syn
Fyra gdnger om aret sker syn av utemiljén av en pa omradet kunnig person for att ta stallning till hur
skotseln den ndrmaste perioden ska bedrivas for att uppna de stallda malen.

Utfors av: Pa omradet kunnig person hos skétselentreprendren.

Vinter (exempel Skane, Februari): Finns trad som utgor skaderisk? Beskarningsbehov var? Behover
stora vinterstandare klippas ner?

Var (exempel Skane, Maj): Behov av ogras bekampning? Behovs uppbindning och stéd for
klattervaxter?

Sommar (exempel Skane, Juli): Behov av ogras bekdampning? Beskarningsbehov i JAS? Naringsbrist?
Behovs uppbindning och stdd for klattervaxter?

Host: (exempel Skane, Oktober): Finns trad som utgor skaderisk?, Kontroll av rannor och
dagvattensystem.

Gemensam syn

Gemensam syn ska ske vart x ar for att se hur anlaggningen utvecklas och ta stallning till vilka storre
atgarder som behovs for att malbilden beskriven i denna skotselplan ska uppnas pa sa kort tid som
majligt, om anlaggningen behdver kompletteras eller om skotselplanen ska revideras.

Medverkande: tex bestallare, entreprendr och eventuellt expert.

Revidering
Revidering av skotselplanen skall géras da forutsattningarna dndrats sa att nagon av
malbeskrivningarna inte langre géller.
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BILAGOR

(Exempel pd bilagor som kan vara till hjélp fér forstaelse av projektet och uppskattning av
arbetsinsatsen. )

Bilaga 1: Plan over lage for skotselprodukter.
Bilaga 2: Plan 6ver delomraden. Vid behov.

Bilaga 3: Planteringsplan och vaxtlista.

En investering for framtiden

EUROPEISKA UNIONEN
Europeiska regionala
utvecklingsfonden

VINNOVA
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Bevattningssystemet bestar av tre individuellt styrda bevattningsslingor, en for den 6vre delen av vaggen och en slinga pa vardera sida om dorren.
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Ett automatiserat bevattningssystem &r placerat i pumphuset
och &r kopplat till en dricksvattenledning (A). En backventil
samt en bryttank (B) foérhindrar vatten att leta sig tillbaka till
dricksvattennatet. Fran bryttanken blandas sedan vattnet via
en doserare (C) med en flytande naringslésning (D), en teknik
kallad hydroponik, innan den pumpas vidare med cirka 4 bars
tryck i bevattningsledningarnas tre separata slingor (S1/S2/S3)
med individuellt styrda flodesventiler (V1/V2/V3) eftersom de
ovre delarna av vaggens mineralullsmoduler (E) behéver mer
vatten an de lagre. Naringslésningsdosering sker efter sésong.
| véggen finns en termostat och fuktighetsindikator (F)
som via en elektrisk styrenhet (G) avgér mangden vatten som
pumpas ut i anlaggningen. Nar temperaturen néarmar sig 0°C
blaser en luftkompressor (H) bort vattnet fran bevattnings-
ledningarna. Pa s& satt undviks issprangning av slangar och
kopplingar. Vattenatgéngen 6ver aret kommer att studeras.
Anlaggningen star via en 3G-sandare och internet (1) i for-
bindelse med operator pa drift-/kontrollcenter (J). Om nagon
del av bevattningssystemet fallerar skickas en varningssignal
ut och personal kan atgarda problemet.

~— O -

@ VAl S1
Elektrisk v2
styrenhet P (V3 S2

S3

Foérenklad beskrivning av den vertikala tradgardens bevattningssystem.

Bilaga 9

Vertikal tradgard

Pumphuset p& Sundstorget

Estetisk och biologisk mangfald

HELSINGBORGS STAD

helsingborg.se HELSINGBORG
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Vertikal tradgard pa Pumphuset

, , Det blir mer inbjudande
och det livar upp ...

/Vanessa Nordqyvist, invanare.

FAKTA Vertikal tradgard p& Pumphuset
STORLEK bredd: 15 meter, hojd: 3 meter
PLANTERAD AREA cirka 32 kvadratmeter
ANTAL ARTER 21 stycken

ANTAL PLANTOR cirka 3800 stycken
HUVUDENTREPRENOR Ambius AB
UNDERLEVERANTOR Greenworks, Sempergreen
BYGGAR augusti 2013

Helsingborg ar skapande, gemenskap, initiativ och engagemang.

Helsingborgs stad har byggt en av Sveriges forsta offentliga
vertikala tradgardar utomhus. Med sina 32 kadratmeter
sveper den runt ett pumphus beldget pa Sundstorget och
tangerar ett viktigt gangstrak mellan Dunkers Kulturhus

och gagatorna i centrum.

| Helsingborg finns ambitioner och intresse av nya lésningar
for att tackla klimatférandringen. Det pagar ett kontinuerligt
arbete med att hitta nya satt att fa in grona inslag i takt med
stadens urbanisering. Den vertikala tradgarden &r ett estetiskt
inslag som, till skillnad fran grona tak, syns tydligt i stads-
miljén.

Alltsedan de hangande tradgardarna i Babylon har idén om
att kla vaggar i gréna vaxter existerat och nu kan vi med hjalp
av modern teknik ocks& gora det i Sverige. Vaggen ar upp-
byggd av moduler som monterats pa reglar pa den befintliga
betongfasaden. Varje modul har en vattentat baksida som
skyddar vaggen.

Precis som i manga rabatter ar vaggen fylld av perenner,

grés och ormbunkar. Genom en teknik som kallas hydroponik
— dar vaxterna inte ar planterade i jord utan i mineralull och
far sin néring I6st i vatten — kan man idag véanda upp den
horisontella rabatten och sétta den pa en vertikal vagg.

Pa sa satt 6kar den visuella upplevelsen av véxterna.
Gronskan blir mer pataglig och lustfylld.

Drygt 20 arter finns i vdggen varav huvuddelen &r vintergrona.
Har finns bland annat klatterbenved, bergenia och japanskt
starr, men &ven svenska vilda arter som smultron och sten-
sota. De olika arterna lockar till sig bade faglar och insekter
och bidrar till att utveckla den biologiska mangfalden i Sunds-
torgets naromrade.

Har vaxer bade ménniskor och foretag.

Den grona vaggen paverkar klimatet genom att ta upp varme
pa sommaren och aterfukta luften. P4 s& satt kan den vara ett
verktyg att balansera den allt tatare staden.

Idag ar kunskapen om vertikala tradgardar i Sverige lag.
Sveriges lantbruksuniversitet kommer darfér samla in data
fran anlaggningen och utveckla forskningen.

Helsingborgs stad &r nyfiken och vill ga i braschen for ny
gron teknik och samtidigt bidra med ett nationellt kunskaps-
lyft. Den vertikala trédgarden &r forhoppningsvis ett startskott
pa en utveckling dar fler aktorer vagar och kan bygga nya
gréna vaggar.

| driftavtalet ingar att bestka vaggen en gang per vecka under
vaxtsdsong. DA ses vaxternas status 6ver, rensas och putsas
samt teknik, naringslésning och vattentillgang kontrolleras.
Under vintermanaderna ar besoksfrekvensen lagre och

det tar nog nagra ar att avgora hur vinterklimatet paverkar
vaxterna. Till varen ansas och klipps vaggen och far en storre
oversyn for att se vad som behdver bytas och kompletteras.

Nér vi fortatar staden &r det viktigt att grénskan
inte férsvinner. Vdggen &r ett bra instrument
pé& den végen. /Ole Andersson, stadstradgardsmastare.

Varfor ar den har? Hur funkar
den? Vad véxer pa den?
Filmen om den vertikala
tradgarden vid Sundstorget
i Helsingborg ger dig svar pa
det och lite till. P& knappt fyra
minuter: helsingborg.se/
vertikaltradgard

STADSBYGGNADSFORVALTNINGEN
Jérnvéagsgatan 22 - Postadress SE-25189 Helsingborg
Telefon 042-105000

helsingborg.se

HELSINGBORG
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Om grén innovation i det urbana rummet
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Vad ar BiodiverCity?

I denna publikation har vi sammanstillt beskrivningar och information om
de case som tagits fram inom ramen f6r BiodiverCity. Vi hoppas inspirera
till nya innovativa och gréna l6sningar i stadsrummet.

Mer information och rapporter med utférligare beskrivningar av
varje case hittar du pa www.malmo.se/biodivercity

Gron innovation i det urbana rummet
Gronska utgor en viktig del av stiders attraktivitet och ddirmed ekonomiska
forutsittningar. Ekosystemtjdnster som dagvattenhantering, klimatanpassning
och forbattrad folkhalsa ér viktiga komponenter i stadens langsiktiga hallbar-
het. BiodiverCity arbetar for att utforma och testa nya sitt att 6ka stadens
biologiska mangfald, forbittra forutsittningarna for urbana ekosystemtjanster 3
och utnyttja stadens gronska i ett aktivt hilsoarbete. Detta har skett genom
nya och innovativa sitt att utforma gronska i sex olika produktgrupper:
* Grona tak
* Grona fasader och viggar

Mobila vixtsystem

Urbana biotoper

Tredimensionell gronska

Trid i gator

Arbetet inom BiodiverCity sker i en bred konstellation med representanter
fran kommun, region, universitet, forskningsinstitut, bostads- och fastighets-
bolag, konsulter, tillverkare och entreprendrer.
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GRONA TAK
1. Ang, Ystadvédgen 56, Grona tak-institutet.
2. Biodiversitetstak, Augustenborgstorget, Grona
tak-institutet.
3. Dagvatten, Klostergrand, Hauschild+Siegel.
4. Havsstrand, Fregattgatan, MKB.
! 5. Gront tak, Bomgatan 11, Diligentia.
_.1 1 6. Kalkbiotop, Hyllie, Skanska.
- 7. Ruderattak, Klippergatan, ByggVesta.
. r 8. Innovationsupphandling, Sédervarnskolan,
8 ] Malmé stad.

4. Skogsbiotop pa bostadsgard, Fregattgatan,
MKB.
1 "~ 6.Kalkbiotop pa bostadsgard, Hyllie, Skanska.
9. Skogsbiotop, Vastra kanten av Varvsparken,
Malmé stad.
‘ . 1 ] | I I 10. Biotoper pa forskolegard, Tornkammaregatan
15 : 2, Malmé stad.
. i | ) 11. Biotop pa adldreboende, Amiralsgatan 82,
.' : Malmé stad.

7:_. 1 2' :2 URBANA BIOTOPER

GRONA FASADER

5. Gron fasad, Norr om ICA Maxi, Diligentia.

12 Atbar vixtvigg, Jespersgatan 2A, Odla i stan.
13. Gron vdgg, Varvsstaden, Peab och SLU Alnarp.
14. Grona balkonger, Lilla Varvsgatan, Briggen.

MOBILA VAXTSYSTEM

3.Terrasstradgard, Klostergrand, Hauschil-
d+Siegel.

10. Kérl for odling och biotoper Tornkammarega-
tan 2, Malmo stad.

11. Mobilt vaxtsystem pa dldreboende,
Amiralsgatan 82, Malmo stad.

15. Tradkarl/plantskola pa forskola, Hammars
park, Malmé stad.

TRAD | GATA
16. Olika trddslag och anldaggningsmetoder, Norra
Hamnen, Malmé stad.

TREDIMENSIONELL GRONSKA
10 3. Fasad, Klostergrand, Hauschild+Siegel.
: . 4. Grona cykelskjul, Fregattgatan, MKB.
: 17. Gatuplantering, Nordenskidldsgatan framfor
0 25 5km kv Orkanen, Malmé stad.

Casekarta, Malmi stad, angusti 2014
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Grona tak

De grona takens olika substrat och vixter viljs f6r att gynna den biologiska mingfalden. Inga moss-sedumattor, men rika bioto-

per med plats for bade vixter och djur.

Foto: Lisa Berglind, Byggvesta. Klippern, 1 dstra Hanmnen

Gront tak pa Klippern

Fastighetsbolaget ByggVesta har anlagt ett gront tak pa sitt flerbostads-
hus Klippern i Vistra hamnen.

Hur kompenserar man ekologiskt for det lokala fotavtryck ett nytt hus utgér pa
en tomt i ett fére detta hamnomrade? Jo, genom att flytta upp de vixter som ofta
etablerar sig pa Gvergivna tomter och lings viggrenar — pa taket! Pa ByggVes-
tas biotoptak varvas klassikt sedumtak med ruderatvixter som blaeld, firgkulla
och backtimjan, planterade och siadda pa dngskullar. Kullarna dr placerade sé att
byggnadskonstruktionen ska tila den extra belastningen som den tjockare
substratjorden utgor.

Mialet har varit att aterskapa en biotop som kan antas ha funnits pa platsen innan
huset byggdes och samtidigt tillféra ett estetiskt virde.

Serviceférvaltningen testar innovation

Serviceforvaltningen i Malmo stad genomfor en innovationsupphandling
av ett gront tak, som ska appliceras pa S6dervirnskolan.

Idag anvinds ofta sedummattor med ett begrinsat antal arter pa redan befintliga
tak eftersom begrisningarna ér stora, inte minst vad galler hur stor extrabelast-
ning som taken klarar av. Syftet med innovationsupphandlingen ar att fa fram
nya l6sningar som bade ska 6ka den biologiska mangfalden i urbana miljéer och
samtidigt fungera pa befintliga tak.




Grona tak

Ny typ av takgronska med Grona Tak Institutet

Angstak och biodiversitetstak med fungerande ekosystem hos Gréna
Tak Institutet.

Grona Tak Institutet har anlagt tre typer av grona tak. Tva av taken dr anlagda
pa Augustenborgs botaniska taktridgard, varav det ena syftar till att skapa ett tak
med torringskaraktir, utan grisdominans. Taket med torringskaraktir dr dven
valdigt litt sett till vikt per kvadratmeter da rdaghalm har anvints som fukthal-
lande lager. Det andra taket pa taktridgarden dr anlagt med syfte att skapa en
kalkrik milj6, likt den som aterfinns vid Limhamns kalkbrott. Under hésten 2013
samlades darfor fron in fran bland annat kalkbrottet for att sedan sas in pa taket.
De tva grona taken anlades 2012 respektive 2014.

Det tredje taket ir ett biodiversitetstak som dr anlagt i Ekostaden Augustenborg.
Syftet var att skapa ett tak med ett fungerande ekosystem med mycket hog bio-
logisk mangfald. Dessutom var malet att 6ka méjligheten for sillsynta arter, bade
vaxter och djur, att fa tillgang till en skyddad milj6 pé stadens tak. Som vatten-
héllande lager valdes hampa, som 4dr mycket litt och dartill ger ett vattenhallande
lager med tillgangligt vatten for viaxterna. Taket har dven fOrsetts med béck-
liknande faror av natursten, sma kullar samt sten, stockar och hela tegelstenar
for att ytterligare Oka antalet mikrohabitat med inspiration av biodiversitetstak 1
bland annat London.

Foto: Jonathan Malmberg, Scandinavian Green Roof Institute



Grona tak
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Foto: Dz'/ﬂfz'a AB, Masthusen
Grona vyer i Masthusen

Fastighetsbolaget Diligentia AB kommer att uppfora ett dldreboende i
omridet Masthusen i Vistra hamnen. I samband med detta forses bygg-
naden med ett gront tak.

Omradet Masthusen certifierades under varen 2014 enligt det internationella
certifieringssystemet for héllbara stadsdelar Breeam Communities. Bland annat
stiller Breeam Communities krav pa urban grénska och i tita miljéer utgor tak
en limplig yta for vixtlighet. Tanken 4r dven att skapa bon f6r vila och hick-
ning for faglar och fladderméss. Det kommer ocksa finnas méjlighet f6r de
ildre som bor i fastigheten att ga ut pa takterassen och ta del av det som vixer.
Ett annat krav som Breeam Communities stéller ror dagvattenhantering. Ge-
nom att skapa ett gront tak tas dagvattnet om hand och dessutom motverkas
Oversvimningar i omradet.

Gront tak pa kvarteret Koggen

MKB planerar att anligga grona tak pa kvarteret Koggen i Vistra
hamnen, Malmé.

Di byggnaderna befinner sig nira havet kommer strandsingsvixter i oli-
ka firger att planteras. Syftet ar att utveckla fler alternativ till de allt vanli-
gare sedumtaken. Tanken dr att utnyttja de platta otillgingliga taken till nagot
som bade gynnar Malmés biodiversitet samt tillfor ett forhojt estetiskt virde.

Grona tak pa kontorshusen Klipporna

Skanska planerar att anlidgga tre grona tak pa sina kontorshus Klipporna i
Hyllie.

Skanska planerar att anligga sedumtak pa projektets alla tre tak. For att ytterligare
Oka den biologiska mangfalden kommer sedumtaken att vara av olika tjocklekar,
da en tjockare vixtbidd kan bista med flera vixtarter. Tanken ér dven att placera
bikupor uppe pa taken. Det som gor projektet speciellt dr ocksa att taken kommer
att vara formade som klippor, med branta lutningar och skarpa vinklar. Utmaning-
en blir att hitta sedumtak och planteringar som klarar av dessa forhallanden



Grona tak

Grona tak pa forrad och bostadshus

Hauschild+Siegel har skapat grona tak i Vistra hamnen.

Syftet dr att skapa takbiotoper med sa stor mangfald som forutsittningarna

ger moijlighet till. Taket ska bidra till dagvattenhantering, biologisk mangfald,
urbant mikroklimat, naturupplevelse 1 urban miljé. For att skapa den mangfald
som 6nskas varieras vaxtbiaddens tjocklek vilket ger en naturlig variation i bio-
topen och forutsittningar foér en hog diversitet. Pluggplantor av 6rter planteras
tillsammans med platssadda sedum™sticklingar och dngsfréer. For att fa ett rikt
innehall forsta vixtsasongen sas dven blomsterakerfron in. Boplatser for bin
och andra insekter skapas genom omraden med bar sand och stockar placeras
pa taken.




Grona fasader och vaggar

I BiodiverCity har vi testat nya metoder for att gora stadens fa-
sader gronare. Det kan vara nya st6d for kliattervixter, parklik-
nande balkonger eller gréna system som monteras upp pa

viaggen.

Gron vigg i Varvsstaden

SLU har tillsammans med Malmé hogskola och Peab undersékt hur tva
olika typer av gréna viggar fungerar i skandinaviskt klimat.

Augustenborgstorget far gron vigg
Malet har varit att se om det dr mojligt att ha vegetation pa viggar utomhus i

En gron vigg har satts upp vid Augustenborgs torg i Malmo av Bara svenskt klimat. Man har dven undersékt paverkan av en vegetation pa fasaden,
Mineraler, MKB och SLU. pa dess fuktinnehall och pa energibalansen 6ver viggen. For att verkligen testa
granserna fOr vixterna och systemen valde man att sitta upp viggarna pa en
Viggen har byggts upp av containrar i littmetall och bestar av vinklade plante- fasad mot soder, det viderstreck med storst variationer 1 det lokala klimatet.
ringslador som sitter fista pa skenor. Fasaden skyddas av en fuktspirr. Viggen
har satts upp for att smycka torgmiljon och fér att testa en ny typ av konstruk- Viixterna ar en blandning av vintergrona arter, blommande vixter, gris och
tion i skandinaviskt klimat. Vixterna studeras i en realistisk situation och dar halvgris, dtliga vixter och buskar. Viggarna har bestitt av tva olika substrat,
kommersiell skétsel anvinds. Bevattningen studeras ocksi och en metod for ett vattenhéllande substrat, och ett mer jordliknande substrat. Bevattningen
vinterbevattning testas. Substratet har tagit fram sdrskilt f6r grona viggar och har skett via droppbevattningsslangar fran toppen av konstruktionerna och har

innehiller bland annat pimpsten och torv. skotts automatiskt och anpassats till sisongen.



Grona fasader och vaggar

Grona viggar och balkonger
pa Kosterbaten

Fastighets AB Briggen har tagit fram ett
koncept fér grona fasader for sitt projekt
»Kosterbaten”, en del av Malmo stads
stadsbyggnadsprojekt inom Kappseglare-
nomradet i Vistra hamnen.

Kontorsbyggnaden kommer att tickas med
fasadgronska som ska vixa pa och mellan bal-

kongerna. Planen ar dven att trad ska planteras
pa balkongerna for att forstirka den frodiga
gronskan. All vixtlighet ska uteslutande be-
vattnas med regnvatten som samlas upp frin
taken och sedan leds ner till ett synligt dagvat-
tenmagasin som ska 16pa utmed husets sodra

- sida. Syftet med projektet ér att 6ka den biolo-
Gron vigg i Masthusen giska mingfalden i urban miljé samt att skapa
en attraktiv arbetsplats.

Diligentia AB har uppfoért en kommersiell byggnad, Masttorget 6, i om-
radet Masthusen i Vistra Hamnen. Fastigheten stod klar 2013 och har

) Vajersystem med klingvixter i Vistra hamnen
forsetts med en gron vigg pa sin s6dra fasad.

Hauschild+Siegel skapar en gron utomhusmiljé med hjilp av grona fasa-

Omridet Masthusen certifierades under viren 2014 enligt det internationella d N .
er priglade av mangfald.

certifieringssystemet for héllbara stadsdelar Breeam Communities, vilket innebar
att ett flertal olika krav maste uppfyllas, diribland krav pa urban gronska. Syftet
med biotopen ir dels ett forhojt estetiskt virde samt att viggen kommer att ha
en avkylande effekt.

Den grona fasaden ér placerad pa ett bostadsprojekt i Vistra hamnen och upp-
satt 1 riktning mot gatan. I anslutning till byggnadens fonster- och dérrkarmar
har vajersystemet Grona vajern satts upp av leverantéren Vegtech. Vajersystemets
nyskapande 16sning g6ér det moijligt £6r klangvixter att etablera sig och vixa lingst
med fasaden. Darmed bidrar systemet till att 6ka den biologiska mangfalden och
skapar en gron utomhusmiljé.
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Den grona och atbara vaggen

Atbar vixtvigg i Seved

Odlingsnitverket Seved och Odla i stan har pa uppdrag av Servicef6érvalt-
ningen upprittat en grén vigg full av dtbara vixter.

Den grona vixtviggen har tagits fram gemensamt med boende och blivit en
gemenskapssymbol i omradet. Hir kan man njuta av bland annat tomat, basi-
lika och smultron pa sommaren, och olika sorters kal pa vintern. Malet 4r att
vixtviggen ska vara dtbar aret runt. Under november 2013 byttes ungefir en
tredjedel av viggens 795 plantor ut till gronkal, som ir bade vintertalig och dt-
bar. Grundtanken med projektet var att utvidga begreppet community gardens
till att dven inkludera den hir typen av vertikal gemensamhetsodling dir boende
1 omradet gemensamt skéter om de ldgsta kvadratmeterna av vixtviggen. De
6vre delarna av viggen skoter fortaget Odla i stan om. Vixtviggen i1 Seved ir

den forsta dtbara viggen i1 Sverige och skapades for att virna om bade sociala

’ ” JTI}}Juhmmunnlm,

och grona virden.

~\

"y

Foto: Linnea Wettermartk, Odlaistan/ Odlingsndtverket Seved



Mobila vaxtsystem

BiodiverCity underséker flyttbara enheter som gér anvindningen av grénska mer flexibel. Enheterna kan bland annat anvindas
for att forskéna ett omriade som vintar pa att bli bebyggt, eller f6r att odla vixter ovanpa en asfaltsyta.

Mobila vixtsystem skapar nya mojligheter {for
lirande och pedagogiska aktiviteter

Pa forskolan Bickens utomhusmiljé i Tygelsjo har Serviceférvaltningen
arbetat med mobila vixtsystem for att anligga nyskapande milj6er av oli-
ka karaktir.

Forskolan Bicken 1 Tygelsjo har en stor gard som stricker sig 6ver cirka 6 000
m? Tomten saknar storre trdd och dr utsatt f6r mycket blast och sol. Det 6ver-
gripande syftet ar att frimja lirande och utomhuspedagogiska aktiviteter fOr
barn genom att bygga biotoper fér biodiversitet och skapa méjligheter till att
utveckla lirmiljon efter behow.

En av biotoperna som byggts gynnar faglar, en annan fjirilar. Barnen har varit
delaktiga i planteringen av vixter och alla avdelningar har fatt fjirilslarver som de
fott upp och sedan slippt ut i fjirilsbiotopen. De mobila biotoperna forvintas
ha en livslingd pa fem ar. Aven lidor innehillande sol- och vindtiliga vixter, en
strandbiotop, har stillts ut i form av ett uteklassrum och for att f6rhoja strand-
kinslan utgors golvet av ett trididck och sand.

Fjarilsingen

Fjarilar behover bade virdvixter dir de utvecklas fran dgg till fjiril och nek-
targivande vaxter for foda. Virdvixter och nektargivande vixter planterades i
april-maj 2014 i kirl av dels trifibercement och dels av liarktrd. Trifibercementen
kan malas av avdelningarna pa forskolan, till exempel med griffelfirg eller annan
firg. Ladornas hojd anpassas sa att barnen skall kunna vara med i planterings-
och skétselarbetet. I nagra av ladorna placeras sma 6ppna vattenmagasin med
tillgangligt vatten for insekter, fjarilar och vixter.

Ladorna har vixtstod av bojt stalrér med mjukt nit emellan. Nitet dr finmaskigt
och fungerar bade som solskydd f6r barnen och klitterstod for vixter.

Strandingen

Aven strandingen utgors av planteringar i lidor av samma utférande som i fjiril-
sangen, materialmassigt och med vixtstod for klittervixter pa nagra av ladorna.
Viixtvalet har gjorts med sirskild tanke pé soligt, blasigt, torrt och utsatt lige.
Ladorna stills i formen av ett uteklassrum och golvet bestér av ett trididck med
en sandyta intill f6r att ge strandkénsla.
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Mobila vaxtsystem

Mobil plantskola och flyttbar grénska

Serviceférvaltningen i Malmoé stad méjliggor mobil gronska

Malm¢ stad har de senaste aren haft en kraftig befolkningsékning med brist pa
forskoleplatser som foljd. Stadsfastigheter har dirfér bade kompletterat befintli-
ga forskolor med paviljonger samt satt upp forskolepaviljonger pa nya tomter. 1
flera fall har all utemilj6 varit tillfallig. Detta har resulterat i tillfalliga vixtlosning-
ar fOr att 6ka gronytan pa tomten. Nar forskolan sedan avetablerats har man vid
flera tillfdllen fatt kasta bade kruka och vixt. Tanken med en mobil plantering ér
att konstruera en kruka som bade ér flyttbar och som gar att 6ppna enkelt. Pa sa
sitt kan man fa ut vixten pa ett smidigt sitt utan att skada vixten och dess rotter.
Vixten kan didrmed flytta med till den permanenta férskolan och planteras i jord
pa en befintlig plats — nagot som édven blir en fin liromdjlighet for eleverna.

Foto: Eva Rosengren, Malmo stad

Mobila vixtsystem i form av mosskassetter

Mossa pa husfasad for att 6ka den biologiska méingfalden.

Kassetter i rostfri metall har fists i stalkonstruktioner som monterats i husfasa-
den. I kassetterna finns olika varianter av fyllningar, pé vilka varierande arter av
mossa vixer. Mellan stalkonstruktionerna finns stalvajrar dér klattervixter sling-
ar sig. FOr att ge mossan bist forutsittningar kommer ett bevattningssystem att
dras fram. Mossa har till syfte att 6ka den biologiska mangfalden och skapa en
tilltalande gron miljé. Fasaden finns pd norra sidan av Kirsebergs Ishall.

Serviceforvaltningen utvecklar koncept for
Leasingtridgard

I syfte att underlitta skapandet av grona boendemilj6er har Serviceforvalt-
ningen i Malmoé har arbetat fram ett koncept fér Leasingtriadgard.

Det framarbetade konceptet édr ett mobilt vixtsystem bestiende av lador,
kirl och krukor som tillsammans skapar en grénare miljo. Syftet med pro-
jektet dr att skapa moijligheter f6r Malmo stads boendemiljéer att helt, el-
ler delvis, kunna hyra in en tridgardsmilj6 till sin fastighet. Helt enkelt ett
smidigt sdtt att inféra gronska i annars manga gianger kala boendemiljGer.

Mobila vixtsystem bidrar till dagvattenhantering

Genom att anvinda mobila vixtsystem har Hauschild-Siegel lyckats for-
bittra omhindertagandet av dagvatten i Vistra hamnen.

Projektets fokus har varit att ta hand om den storsta delen av dagvattnet pa fastig-
hetens tomt genom bland annat ett mobilt vixtsystem. Ett flertal kirl har dirmed
placerats ut pa dels takterassen och pa entrébalkongen. Alla vixtkirl bevattnas med
dagvatten och bidrar till att skapa mangfaldig och en gron milj6 i bostadsomradet.
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Urbana biotoper

Urbana biotoper innebir gréna ytor som bildar en littskétt och vacker enhet. Vixterna har en langsiktigt hallbar relation med
marken och ménga olika djur kan hitta féda och boplatser hir.

OCHLANTR /LS PR, AT TG L]
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Kvarteret Koggen férses med urban skogsbiotop

MKB planerar att skapa en skogsbiotop pa Kvarteret Koggens innergard
i Vistra Hamnen.

Koggens innergard dr trang och ligger nastan uteslutande i skugga. For att upp-
ritthalla en hog gronytefaktor samtidigt som kunderna skall fa en innergard som
de ir stolta over, planerar MKB att skapa en skogbiotop dir bade vuxna och
barn skall trivas dret runt. Syftet dr samtidigt att den skuggtaliga innergarden
skall skapa en langsiktigt hillbar biotop som gynnar den biologiska méangfalden.

Miniskog i varsparken

Malmé stads Gatukontor har anlagt en urban biotop i Varvsparken i Vis-
tra hamnen.

Utmaningen bestar i att ta fram en skogslik biotop som ska ge en kinsla av att
ha vuxit fram under en lingre tid. Tanken ér att pa naturens villkor med tiden
skapa en miniskog med manga olika arter som interagerar med varandra. Karak-
taren ska vara svensk natur med en twist, detta i form av stort artantal och viss
”torstarkning” av utlindska och mer hortikulturella vixter. Den urbana bioto-
pen kommer att 6ka omradets biologiska mangfald, utgora ett inre vilorum for
bestkare samt fungera som en grén och lummig lunga i Vistra Hamnen.



Urbana biotoper

Bild: Kontorshusen Klipporna, Skanska

Urbana biotoper pa kontorshusen Klipporna

Skanska haller i nulidget pa att uppféra kontorshusen Klipporna i Hyllie,
Malmo. Planen ar att husen ska forses med urbana biotoper.

Tanken ir att kalkrika urbana biotoper ska placeras pa den mellanliggande gar-
den. Biotoperna maste tila viss torka da projektet ska LEED certifieras, vilket
innebir att permanent bevattning inte tillats. Kalkrika biotoper dr ett naturligt
val eftersom fastigheterna ligger nira kalkbrotten. Tanken dr dven att skapa sa
pass spannande biotoper att giarden i framtiden ska fungera som en liroplats f6r
skolelever.

Kreativa l6sningar for dagvattenhantering

Hauschild-Siegel har arbetat med att kombinera lokalt omhindertagan-
de av dagvatten med grona ytor i Vistra hamnen.

Losningen for dagvattenhantering utgdrs av en fuktbiotop bestiende av vat-
tenvixter som har placerats under galler. Biotopen dr anlagd pa en inner-
gard 1 Vistra hamnen och bidrar till att dagvattnet f6rdréjs och kan tas om-
hand. Dessutom, tack vare gallret, kan ytan fortfarande anvindas och i
l6sningen integreras dven en cykelparkering. Da vattenvixterna ocksa ar syn-
liga utgér de dessutom ett estetiskt och pedagogiskt inslag i gardsmiljon.
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Urbana biotoper

Bickens forskola forses med urbana biotoper

Serviceforvaltningen arbetar med urbana biotoper for att frimja lirande och
utomhuspedagogik vid Bickens forskola i Tygelsjo.

Forskolan Bicken i Tygelsjo har en stor gard som stricker sig 6ver cirka 6 000 m?.
Tomten saknar storre trdd och ér utsatt for mycket blast och sol. Det 6vergripande
syftet dr att frimja lirande och utomhuspedagogiska aktiviteter f6r barn genom att
bygga biotoper for biodiversitet och skapa méjligheter till att utveckla lirmiljon
efter behow.

For att frimja lirande och utomhuspedagogiska aktiviteter har Serviceforvaltningen
byggt upp artrika urbana biotoper. Férskolan har fatt fler odlingslador for sisongs-
gronsaker och ett kompoststaket har uppforts.

Fagelskogen

Fagelskogen bestar av trdd och busktrid, huvudsakligen blommande och birande
samt nagot vintergront och en del klittervixter som far slingra upp 1 vixtskyddande
slanor eller lings stammar. De skulpturala vixtskydden bestir av obarkade gran-
slanor.

Strandskogen

Buskplanteringen vid tomtgrinsen i norr har problem med staende vatten tidvis. De
liaga buskarna ersitts med bland annat salix och al som suger vatten. Ett faltskikt
av perenner planteras ocksa in for att komplettera biotopen. Gronskan skall utgéra
ett skydd lings tomtgrinsen och den enda stocken kompletteras si att det blir en
trevligare plats att samlas pa f6r exempelvis sagostunder.

Kompoststaketet
Staketet har bade en pedagogisk funktion och fungerar som ett vindskydd.




Tredimensionell gronska

Den tita staden kan goras grénare om vixtsystem byggs pa héjden. Man kan ocksa utnyttja vixters skuggningseffekt bittre om

man leder ut klittervixter 6ver vistelseytor.

Innovation for tredimensionella vixtsystem
MKB skapar koncept for tredimensionell gronska vid cykelplatser.

Vid MKBs kvarter Koggen 1 i Vistra Hamnen ska det enligt Malmo stads cy-
kelnorm finnas plats for 130 cykelplatser. MKB vill komplettera cykelnormen
med smarta, trygga och snygga cykellésningar integrerat med tredimensionell
gronska. Tanken dr dven att den prototyp som tagits fram skall kunna appliceras

pa MKBs 6vriga bostadsomraden.

Nyskapande koncept for tredimensionell gronska

Malmoé stads Gatukontor arbetar med att ta fram ett koncept for tredi-
mensionell gronska.

Gatukontoret undersoker mojligheterna att framfér Malmo Hogskola placera
en konstruktion for tredimensionell gronska. Gatans forutsittningar ger inte
mojlighet till konventionell plantering vilket gor den limplig att testa nya idéer
pa. Konstruktionen ska vara snygg 1 sig och ett vackert objekt dven utan gronska
och fylla ett estetiskt syfte i den 1 Gvrigt kala miljon. Konstruktionerna ska ocksa
fungera som métesplatser och hingyta for studenterna samt som vindskydd.
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Trad i gata

Foto: Johan Slagsted, Markompaniet

Ny metod for trid i gata

Gatukontoret i Malmoé stad har tagit fram ett forsoksuppligg for plante-
ring av trad i gata.

Forsoket kommer att genomféras 1 Norra Hamnen dir gatutradsplanteringar
ska anliggas med nya typer av l6sningar, som fribirande betongelement och
genomslipplig asfalt. Trad dr ovirderliga f6r den urbana gronskan och mycket
betydelsefulla f6r bland annat biologisk méangfald och luftreningen, men utveck-
las sillan vl i gatumilj6. De nya metoderna ir tinkta att ge bade befintliga och
nyplanterade trid battre forutsittningar i staden.

.
Bild: Barande betongelement, Joban Slagsted, Markkompaniet
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Besok oss garna pa www.malmo.se/biodivercity




