Better Places, Infrastructure,Lives
Delivering Real Value with Urban Trees
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Tree Officer

Street Department, Stockholm, Swden

Trees and Stormwater Management
— The Stockholm solution —
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Lack of oxygen |
Access to oxygen in the soil is the
single most critical factor for the
wellbeing of urban trees. Dense
surface layers contribute to oxygen
deficiency and carbon dioxide
poisoning of tree roots.

Lack of water is another severe |
problem for urban trees, since they
-are often surrounded by paved
surfaces. Rainwater is diverted away

from paved surfaces io stormwater "\N
drains and not down into the soil
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Our goal
is plant beds that are sustainable and has

minimal environmental impact on the basis of

material and design,

simple design for secure results,

low operating costs,

a final product where trees and plant beds is
part of the city's environmental efforts



U m . Paved surface with dished stormwater gutters
F . Geotextile

. Leweding layer (crushed rock B-18 mm) — also used

for concrete bunker and water/air inlet.
4. Aerated bearing layer [crushed rock 32-63 mim)

. Structural soil (crushed rock 100-150 mm)
with planting soil hosed into the structural wolume

Structural soil

A method for building with stability and to create
good growing conditions for frees in paved areas
with the use of stormwater and the added value
of decreaszing the risk of roots damaging paving
of underground pipes

[

8. Temace

7. Concrete bunker

8. Surface grid

8. Planting soil

10. Inlet for gir and water supply

Carbon dioxide sl




adapt materials selection to what is available locally
and if possible in the first place recycled materials

TRADGROP
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Surfacing/
superstructure

Pipes in structural Lil '
pratected with
filled around wi
description

variable

At grid, crushed rock

New tree
size 20-25cm

Tying-in

4% mm Fhickness ca 30 mm

Geotextile
utilityclass 3

Surface grid 16002800 mm

Betongsyll

alt, betonglada

geotextile,

Tree support

in salty condltlons
planting sail type B
humus content 5-8 wi-%

e Aar(

Planting soil typ

SAMPLE CASES WITH DRAWINGS, NEW PLANTING 42

Stormwater cover, dished version
available for laying by qutter

spacer ring of concrete far
height adjustment

Airhole placed at level of
gerated bearing layer

Aerated bearing layer

| 200 mm crushed rock 32-63 mm

Inlet, Fype TLY #333 Clarova

S

|Pipes diagramatically illustrated)
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ar equiv, placed on structural soil
surface far air and water supply.

Terrace
slope 1%

to drainpipe
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1 per tree

600 mm crushed rock 100-150 mm
structural seil with planting seil type D

Fertiliser, Multicate & manth leaching time

100g/m2, are posted on terrace

at each shruckural soil Layer

Airinlet adjusted to -4 mm
or coarse crushed rock

Loosening of ferrace 200 mm

In compact and/er clayey tarrace, drains surrounded

by crushed rock are Laid,

Acress to existing sterm drain

or crushed rack ditch for water remowal.

NOTES

Soil equipment such as gratings, trunk gquards, Free support
are specifically adapted to the project.

Fine crushed rock must nok be used In structural seil profile
for adjusting airinlet or concrete bunker,

In specially consfrucked free holes with narrew dimensions
free raot diameber must be abserved.

With increasing trunk circumterence clump diameter increases,

see Qualit requlatiuns for nursery planfs,
GROs Planl\:sko esektion, 3ie upplagan, augusti 2003,

HOTESAMMARKNING
All data in mmunless otherwise
specified.
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Sidewalk Cross section of planting bed
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connected plant beds along the block for the best conditions for the trees
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Downpipes

Tree

Concrete slabs

Concave concrete slabs

Ventilation chamber and
Inlet of rain water

Curbstone
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Each layer 300 mm compacted for stability

Recycled concrete used as a part of the structural

soil instead of granite




Granit size 90-150mm Concrete box to hold the paved surfac
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| /8 The stone shall fall into the box to get a stabel construction

Compacting befor soil is washed in to the voids
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Flushing the soil into the structure S S er

R S ST TR &8 Layer for infiltration of rain water and aeration of
Slow release fertilizer o = . the soil on top off the structural soil




| Layer for infiltration of rain water and ventilation of
the ground







Important with geotextile connection
against curbs inlets concrete boxes etc.so
that no fine material could run into the airy

base course




We take water from roofs and pavements through inlets to the ventilated bearing
layer and the structural soil.

\ . ) \

If the percolation

Roof and pavement surface 4600kvm Rainfall 600mm year (2 fot)
Approximately 2.3 million liters of water year Saved cost for the treatment of stormwater = 2300 £ /year
Reduced load on the Baltic Sea / and lakes at torrential rains
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If the old trees has no damage

structural soil







VT

Research and development on infrastructure, traffic
and transport

VTI, Swedish National Road and Transport Research
Institute, is an independent and internationally
prominent research institute within the transport
sector. The main task is to conduct research and
development on infrastructure, traffic and transport.
The quality system and environmental management
system is ISO certified according to ISO 9001
www.vti.se/
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Referens

igur 29. Fallviktsmdéming vid Odengatan 86 i Stockholm.

Vti measures the stiffness of the paved surface on
the Structural soil

Field measurements from Malmo, Stockholm and

Kristianstad municipalities shows that skeletal soil superstructure has a
good stiffness and bearing strength corresponds to the standard
superstructure if they are built in a good way. It is possible to use
skeletal soil structures even on busy streets if they designed and built in
a right manner.



http://www.greenurbansystems.eu/sv/resultat/wp2/Sidor/default.aspx
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Om projektet

Partners ” Kalendarium

Resultat

Start | Resultat | WP 2 Hardgjorda ytor

Resultat WP 2 Hardgjorda ytor

WP 1 Attraktiva stadsmiljGer

WP 2 Hardgjorda ytor |

WP 3 Stadstrad

WP 4 Dagvatten

WP 5 Stadsklimat
WP & Livscykelanalys

Slutseminarium

Logga in | Kontakta oss

| @
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CBI Rapport "Ratt dimensionering av
markstensplattor" 1

Hanna Ivarsson, examensarbete: Att
lyckas genom hela plan- och
byggprocessen 1]

Axel Lilja, examensarbete:
Betydelsen av naturstenshallens
ytbearbetning mot underlaget fir att
undvika att stenen glider i sidled I3

Tidningen Utemiljd nr 8 2014 Gréna
Faktad

Stenindustrins Forskningsinstitut,
rapport: Kontrollrutin far naturstens-
och markbetongéverbyggnader I

Stenindustrins Forskningsinstitut,
Bilaga A: Dimensioneringsberdkning
av dverbyggnad £

Stenindustrins Forskningsinstitut,
Bilaga B: Dimensioneringssystem far
naturstenshallar I3

Stenindustrins Forskningsinstitut,
rapport: Overbyggnad med
naturstens- och
markbetongbelaggning I3

VTL, rapport: Spardjupbildning och
styvhet | konstruktioner av betong-
och natursten I3

CBI, rapport: Markstensbeldggningar
for grona ytor: state of the artJ]



2 years after planting




meters from the tree  Erik Dahlbergsallén
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As a proof that we are on the right path, we find mykorrhitza in our structural soils which only
thrives in good conditions (planting pits acting as a biological filter)




Narvavagen
test holes 4 years after planting in structural soil
surface coating pumice fraction 2-8mm mixed with crushed granite

fraction 0-8mm volume 1/1

A #
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Approximately 2 000 planting beds have been rebuilt with structural soil




pIanted as 30-35cm after 8 years, the trees are 70 - 83cm in circumference

2004-2012
Erik Dahlbergsallén
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N\ Swedenborgsgatan
trees before and after structural soil

Planted in
autumn 2003
s § 10 years at the
=% |ocation

Planted
around
1935 about
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Quercus
palustris
3 growing
seasons




fees without 1965-2010 trees with structural soil 2005-2010
structural soil
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Tegelbacken
before and after the trees have

got structural soil
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Reduce the risk of flooding

Counteract heat island effect

1990 2000

Legend
[ Bare land

Il Water
[ Fishery
[] Semi-bare
B Built-up
B Forest
Cropland

Legend °C

Wl <20
[ 20-22
B 22-24
B 24

the Balic Sa

Reduce the presence of particles and carbon
dioxide in the air

Reduce the load on storm water systems and
thereby reduce pollution in Lake Malaren and
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Herrhagsvagen

Trees planted in a mixture of
soil / charcoal 50/50
Second growing season




Terra preta
From Wikipedia, the free encyclopedia
Jump to: navigation, search
Terra preta (Portuguese pronunciation: [ tese prete], locally [ 'tehe ‘prete], literally "black earth"
or "black land" in Portuguese) is a type of very dark, fertile anthropogenic soil found in the
Amazon Basin. Terra preta owes its name to its very high charcoal content, and was made by
adding a mixture of charcoal, bone, and manure to the otherwise relatively infertile Amazonian
soil. It is very stable and remains in the soil for thousands of years.l12l |t is also known as
"Amazonian dark earth" or "Indian black earth". In Portuguese its full name is terra preta do
indio or terra preta de indio ("black earth of the Indian", "Indians' black earth"). Terra mulata
("mulatto earth") is lighter or brownish in colour.3l
Terra preta is characterized by the presence of low-temperature charcoal in high concentrations;
of high quantities of pottery sherds; of organic matter such as plant residues, animal feces, fish
and animal bones and other material; and of nutrients such as nitrogen (N), phosphorus (P),
calcium (Ca), zinc (Zn), manganese (Mn).14l It also shows high levels of microorganic activities and
other specific characteristics within its particular ecosystem. It is less prone to nutrient leaching,
which is a major problem in most rain forests. Terra preta zones are generally surrounded by terra
comum ([ 'tehe ko 'mi] or [ 'tehe ku ' mii]), or "common soil"; these are infertile soils, mainly
acrisols,!4l but also ferralsols and arenosols.2!

Terra preta soils are of pre-Columbian nature and were created by humans between 450 BC and
AD 950.[8lI71 The soil's depth can reach 2 meters (6.6 ft). Thousands of years after its creation it
has been reported to regenerate itself at the rate of 1 centimeter (0.39 in) per year!8l by the local
farmers and caboclos in Brazil's Amazonian basin, who seek it for use and for sale as valuable
potting soil.



https://en.wikipedia.org/wiki/Terra_preta#mw-head
https://en.wikipedia.org/wiki/Terra_preta#p-search
https://en.wikipedia.org/wiki/Help:IPA_for_Portuguese_and_Galician
https://en.wikipedia.org/wiki/Help:IPA_for_Portuguese_and_Galician
https://en.wikipedia.org/wiki/Portuguese_language
https://en.wikipedia.org/wiki/Human_impact_on_the_environment
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Amazon_Basin
https://en.wikipedia.org/wiki/Charcoal
https://en.wikipedia.org/wiki/Terra_preta#cite_note-1
https://en.wikipedia.org/wiki/Terra_preta#cite_note-Science_Daily-2
https://en.wikipedia.org/wiki/Indigenous_peoples_of_the_Americas
https://en.wikipedia.org/wiki/Terra_preta#cite_note-devevanwoods-3
https://en.wikipedia.org/wiki/Sherd
https://en.wikipedia.org/wiki/Feces
https://en.wikipedia.org/wiki/Nutrient
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Calcium
https://en.wikipedia.org/wiki/Zinc
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Terra_preta#cite_note-bayreuth-4
https://en.wikipedia.org/wiki/Microorganism
https://en.wikipedia.org/wiki/Ecosystem
https://en.wikipedia.org/wiki/Leaching_(agriculture)
https://en.wikipedia.org/wiki/Help:IPA_for_Portuguese_and_Galician
https://en.wikipedia.org/wiki/Help:IPA_for_Portuguese_and_Galician
https://en.wikipedia.org/wiki/Acrisol
https://en.wikipedia.org/wiki/Terra_preta#cite_note-bayreuth-4
https://en.wikipedia.org/wiki/Ferralsol
https://en.wikipedia.org/wiki/Arenosol
https://en.wikipedia.org/wiki/Terra_preta#cite_note-glaser06-5
https://en.wikipedia.org/wiki/Pre-Columbian_era
https://en.wikipedia.org/wiki/Terra_preta#cite_note-neves01-6
https://en.wikipedia.org/wiki/Terra_preta#cite_note-Erickson23-7
https://en.wikipedia.org/wiki/Terra_preta#cite_note-eprida04-8
https://en.wikipedia.org/wiki/Caboclo
https://en.wikipedia.org/wiki/Brazil
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Biochar



Charcoal is incredibly
stable if we dig it down
into the ground, it stays
there for thousands of
years as a Co2 sinker

By using biochar and a crushed mineral content such as rock or recycled concrete
for municipal plant beds, growth is stimulated, finite resourses for soil production
are spared (peat, sand and clay), and the possibilities of local stormwater
infiltration increases. Thus promoting crucial urban ground water production,
filtering of pollutants and less risk of contaminated recipients from flooded
stormwater and sewage systems. The increase of green biomass in the cities also
provide a whole array of other auxiliary benefits such as better air quality,
increased bio-diversity and lowered temperatures.
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Biochar is a name for charcoal when it is used for particular purposes,
especially as a soil amendment. Like all charcoal, biochar is created by
pyrolysis of biomass. Biochar is under investigation as an approach to
carbon sequestration to produce negative carbon dioxide emissions.l
Biochar thus has the potential to help mitigate climate change, via
carbon sequestration.2l Independently, biochar can increase soil fertility,
raise agricultural productivity and reduce pressure on forests, though the
degree to which results offer long term carbon sequestration in practice
has been challenged.3l Biochar is a stable solid, rich in carbon and can
endure in soil for thousands of years.[

Wikipedia



http://en.wikipedia.org/wiki/Charcoal
http://en.wikipedia.org/wiki/Pyrolysis
http://en.wikipedia.org/wiki/Biomass
http://en.wikipedia.org/wiki/Carbon_sequestration
http://en.wikipedia.org/wiki/Negative_carbon_dioxide_emission
http://en.wikipedia.org/wiki/Biochar
http://en.wikipedia.org/wiki/Climate_change
http://en.wikipedia.org/wiki/Biochar
http://en.wikipedia.org/wiki/Fertility_(soil)
http://en.wikipedia.org/wiki/Forest
http://en.wikipedia.org/wiki/Biochar
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Biochar

at Swedenborgsgatan.
One block with coals under airy
4 base course and in one block
. belowe the structural soil.
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&, filters in structural soil was 2013
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SLU

Sveriges lantbruksuniversitet
Swedish University of Agricultural Sciences

Institutionen for energi och teknik

Photo: Christina Berger

Biochar and activated carbon filters for
greywater treatment — comparison of organic
matter and nutrients removal

Christina Berger

Examensarbete 2012:14
ISSN 1654-9302
Uppsala 2012



Plant bed for street trees charcoal and macadam = crushed granite 32-63 mm mixed with 10% nutrient-
enriched charcoal, granite can be replaced with recycled concrete with reinforcement (iron)
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2013

Magnolia planted in biochar and
stone chips = crushed granite (2-
5mm) and nutrient-enriched (chicken
manure)biochar 50/50. volume
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flowering after the first growing season planted in 50/50 biochar crushed granite




Materials we test to use when we plant
trees shrubs and perennials

Biochar and stone chips = crushed granite (32-
63 mm) and nutrient-enriched charcoal 10/1.
volume

Biochar and stone chips = crushed granite (2-
5mm) and nutrient-enriched charcoal 50/50.
volume

Biochar and soil =
soil + nutrient-enriched charcoal 50/50.
volume




Drawing showing how we
build plant bed for trees in
the green area along streets
and roads to maximize
infiltration of storm water
through a charcoal filter in
the bottom of the plant bed

PLANTING PIT WITH SLANTING SUBGRADE where we catch up nutrients
ELEVATION and pollutants.

SCALE 1100
New tree clrcumferance 30-35 g "__]/

The tree's root collar is placed at the same lavel as at

Stakes ] 1 the nursery. The reatball rest on the stroctural soll.
500 mm fram root collar is | ] ] ] )
held clear from grass nn mm- mm with 19 X% planting 5o pe A
|| EIDDE TOr STO'Mw T E Macadam B-1b nm
Infiltratian =|
T g
! :_,E
Macadam 32-463 mm with 10X
fertilized biochar 850 mm &
Charcoal stone chips =
echar lunfetilized) 20 mm o crushed granite (32-63
Uncompsctad soil 200 mm ¥ e ===t —= mm) and nutrient-enriched
200 , charcoal 10/1. volume.
2 . 850mm

TREE PIT WITH BIOCHAR IN GREEN SPACE, TYPE 2

TYPE SECTION
SCALE 1:20 .






Plant bed for street trees charcoal macadam = crushed granite 8-16 mm mixed with nutrient-enriched charcoal

-







2014

Perennials planted in
Biochar andstone chips =
crushed granite (2-5mm)
and nutrient-enriched

charcoal 50/50 volume
W '







70 cm depth 15 cm width

Sportytor




A French Foundation

drain is ' d ; . VA
basically a e Shingle
trench filled in

with large

rocks. In

heavy rains,

water can

flow between

the spaces in

the rocks.

Not to scale

our trenches has a mixture of
1 part biochar
9 parts 4-8 mm crushed granite







Stockhoims
stod

FHK 150311

. Pawed surface with dished stormwater gutters

2. Geotextile

Structural soil with biochar

A methed for building with stability and to create
good growing conditions for trees in paved areas
with the use of stormwater and the added value
of decreasing the risk of roots damaging paving
or underground pipes

TERRACE

. Lewveling layer (crushed rock 8-18 mm)} — also used

for concrete bunker and water/air inlet.

. Aeraied bearing layer (crushed rock 32-63 mm)
. Structural soil {crushed rock 100-150 mm) with

fertilized biochar hosed into the structural volume

. Pure biochar on temace
. Concrete bunker
. Surface grid

Crushed rock with ferilzed biochar

10. Inlet for air and water supply

JB1EMULO)S
Carbon dioxide sl
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The world's first urban
carbon sink with biochar.
This is how it works!




Bloomberg
Philanth ropies

MAYORS

CHALLENGE How does it worke What are we looking for2 FAQs Challenge 2012 Apply News

A competition for bold ideas
from city|leaders

Applications are in! stay tuned for more details...

European Cities are among
the most innovative in the
world.

The 2013-2014 Mayors Challenge 1s an
ideas competition for European cities—a
chance to win funding for a bold new solution
to a major urban challenge. It exists to bring

powerful new ideas to life—not only to help

Four key reasons to enter

Q Q

€1,000,000 €1,000,000
@ €5,000,000 @
€1,000,000 €1,000,000
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Mina sidor Energikonto Sok... @
@Fortum rerum svrae 1ot T foeos T

© Om koncernen

@ Energi och produktion
> Vattenkraft

> Karnkraft

> Vindkraft

v Varmeproduktion och
kraftvarme

v Varmeproduktion

Hogdalenverket

» Bristaverket

+ Hammarbyverket Hogdalenverket, en av Europas modernaste anlaggningar for avfallsférbranning,
T producerar el och fjarrvarme av avfall och andra biobranslen, sasom flis och
behandlat industriavfall. Anlaggningen har kapacitet att ta emot 700 000 ton
v Hogdalenverket avfall per ar.

biochar unit
connected to
district
heating







Adress
Bersdgrand
Birkagatan

Enkehusparken

Enskedevigen

Farstadngen

Grubbensringen
Hemmansvigen

Lingvagen/Hokardngen

Mickelshergsvigen
hilkrofonvagen
Pukslagargatan
Sockenvigen 404

sofielendsplan

Exampels on species planted in mixtures of biochar and
granit

sort
Eucommia ulmaldes
Davidia invalucrata

Habinia x margaretta 'Casgua Rouge'

Cornus contraversa
Cornus controvarsa
Evcommia ulmoldes
Fihus typhing

Magnolia Galasy

Magnolia Heaven Scent

Magnolia Susan

hagnolia ¥ellow Lantern

Styrax japonica

Tilia cordata x mongolica "Harvest'

Magnolia Yellow Lantern
Magnolia Yellow Lantern

Betula albosinensis 'Fascination’
Brouscnelia papyrifera
Magnolia Yellow Lantern
Malus toringo
Brousonetia papyrifera
Tilia mongolica

Populus nigra "ltalica’
llex aquifolium 'Alaska’
Tlex "Nelly Stevens'

Acer palmatum

Acer pensylvanicum

i agnalia Galaxy
Magnolia Heaven Scent

Magnolla Yellow Lantern
Mapgnolia = soulangeana

storlek
16-18
25-30

ap-3s
A0-45
16-18
I0-35

18-20
20-25
20-25
18-20
3035
14-16

i8-20
18-20

20-25
3540
16-18
25-30
35-40
18-20
500-G00
20-25
25-30
18-20
A00-500
18-20
20-25

16-18
20-25

Antal

i
1

e e
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Typ

L LR

~

b p e

10 cm kafjord blandad med fils

Typ 3 90 cm kolmakadam Typ t
5 cm Kdress
45 cm kolflis

Typ 4 Typ 2

5cm Rdress

10 cm kolfiis

|85 cm kolmakadam

5 em R dress

95 cm kolflis




For more info

Mattias Gustafsson
mattias.gustafsson@extern.stockholmvatten.se



WWW.google.se http://www.youtube.com/watch?v=UFXIsKOVmV8

Our handbook is available at
WWW.stockholm.se

search for plant beds and select
'Plant Beds in Stockholm City'


http://www.google.se/

Thank you for your
attention, and if you
are passing,
Welcome to
Stockholm we would
be happy to show
our projects.



Gustav Adolfs
Torg 2015
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