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PREFACE ==

Dear readers, whether you are a proprietor or an architect, an engineer,
or even just a passer-by, and you have seen some green walls, in person
or from images, perhaps from books, internet, perhaps from architect’s
renderings. You may ask yourself: Is it real? How to make it? What makes
it success? | had the same questions five years ago! And | wanted to refer
to some books for details.

There are some books about green wall; some are too difficult to
understand, and others are too general, without enough information.
When Ms. WU Yang invited me to write a book to summarise the green
wall technologies and to introduce some green wall projects from different
countries, | had no choice but to say YES. Personally, it is a book to
conclude the last five years’ work of green wall projects and research.

| would love to talk a little bit more about my story with green wall, if you
allow. It was in the end of 2008, when doing internship with Paysagestion
in Switzerland, | was looking for some inspiration from books; suddenly
| came across Vertical Gardens, and | told myself: Voila, this is exactly
the new concept that | am looking for! In August 2009, | began to work
with Beijing Greenlink Kisters, studying by doing the green roofs, until
then | came to know that it was Patrick Blanc who invented the concept
of vertical garden (Mur Vegetal, means vegetated wall in French). Then in
October 2010, | was invited to see green wall projects in Hong Kong by Mr.
John Yau. They have already built green walls in their office, both indoor
and outdoor; | admired them very much. They invited me to work with them
on the green walls, and | answered YES, without any hesitation.

Until end of 2012, | have designed and built more than 2500 m?* green
walls, huge sizes and small sizes; some are quite successful, some finally
came to a failure. | have gradually understood the secrets of the green wall,
but not all. In December 2012, | decided to visit the green walls by Patrick
Blanc in Paris, to look at them as close as possible, to touch them, face
by face. Parc Floral (1994, outdoor), Fondation Cartier (1998, outdoor),

FEMEE, TERBLTERRITD, RERHZ
SETRMD, EERARTEPERIXAS, RY
RESAMH AT NIEERL, TEERELL, &
KWE, iFR2RITHNELRL. REF): X2EM
H? XEEAMBERN? BHARARER? HZth—
¥, BAEXFRPHE -LERALIEESE,

TELEEFILANBEENRE, BAZEX, &
EERTE, BABZZmiK, REXGFHARAE
Ro HUTRZERABBRMENRBIEIR, HBH—
A, GRPATHNB-TRERA, FERT &
KRB, BRRARE. RABHLEEXNBCXSF
THEN—IEREHE.

MRREFFROCHIE, REBHAHARNMNRENS
Do 2008FFIR, RAEWMLT —KENRITLHEERX
M, HARNNEBBHRE, BRBI-—X(EE
wE) , BERHEBAOME, BHR: &, XTH
EREEHINHIMSE] 2009F, HEIEREE
MBS IE, FRFIRITEMEGML, BHAHME
ERHER - THEXMARATEERLRE. 2010
F, XBEBZRREEREFFIREHE, DA
EREMAER . ENBBHNEERARSITE, B
FERBETEBIE, NEFRAIZKEET TS

1 Green wall in Hong Kong Greenlink Kusters office

2 Museum of Quai Branly, Paris, photo taken in December 2012
1 BAGOMEEETSEINGE

2 BRQuai Branlyl@#1843%, 2012512884



Hotel Pershing Hall (2001, outdoor and indoor), Museum of Quai Branly
(2005,0outdoor), Espace Club Med (2007, indoor),BHV home Boutique
(2007, outdoor), Rue d’Alsace (2008, outdoor), Museum National d’Histoire
Naturelle (2010, indoor); Plus Lan Restaurant (2008, indoor) in Shanghai,
and Hotel Icon (2011, indoor) in Hong Kong, all together 10 green walls,
by Patrick Blanc. They are generally quite successful; the oldest one is still
lush after 19 years. But the green wall at Rue d’Alsace, some part of the
green wall is dead, lack of necessary care and maintenance. It teaches
us: the maintenance plan needs to be organised before installation, very
important!

The devil is in the details, cliché but true!
irrigation and drainage, illumination for indoor green wall, growth medium,
fertilizer, regular maintenance and supervised irrigation, all these details
could make a successful green wall.

Plant species, the pattern,

The urbanization has taken forests and vegetated areas, and the price of
land is growing up sharply; thus a garden on the ground is more and more
unaffordable. Fortunately we could build green roofs and green walls which
are new approaches to invite nature back to the city. The green roofs have
successful stories, but green walls need more and in-depth research.

If you find some information useful from this book, | would be more than
happy. Obviously there is no single instruction that could be applied to
every situation, and thus you have to check the site before adapting the
data from this book. Should you have any question or suggestion or
whatever, please write to me: greenwall_jialin@hotmail.com.

A new venture would be successful only if all the stakeholders invest in it.
We are having “better city, better life’, and vertical greenery is one of the
most awarding investments.
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CHAPTER ONE Summary

1. Summary

1.1 Urbanization and vegitecture

It is an urban world! More than 50% of humanity now lives in the city, and
70% will be city dwellers by 2050, according to an UN report! Fig.1.1

This increasing force of urbanization results in ‘concrete forest’ taking
place of the natural vegetation and forested area. This change has led to
an increase in urban temperature, which in turn brings about an increase
in energy consumption in buildings.

Imagine a city we can enjoy freedom, democracy, efficiency, and even
more, completely green? Ecological and sustainable, green as far as the
eye can see? Fig.1.2

This fantasy is becoming a reality around the world. The movement known
as vegitecture, or vegetated architecture, is taking off, and is not just
beautiful, but is also an environmentally friendly way to literally add a piece
of nature to the city.

1. EH G ELR
1.1 WL FnEME RN ( vegitecture )

XE—MHEHHAHER] —HEBEESEIRERE. 45
HR, ELEBIIS0%MALETERTFR, M
2050%F, X—HIEBEHE70%, WA

AHMENETUEESET KENFRERMNH
N, MM ZH—A A ESERELRA “KENL
Mo MR BRNEHTEE, EBIN7TEEREN
RIFESR

BREAHIHMIIHNER: B—X, BMNBLEEE
—EBEH. REIMSMNEEHT R, XEHTES
MR, UH%, REFEMENDITERRE. 0E
1.2

mS, —FHESKTCERNBANENTAERARE
BB X —BRETHAIME. XMEBERANEIRAE
WMER (vegitecture ) , E2EEER ( vegetated
architecture ) , R{XINFREW, FHEIUDERRH
FRAWTEINEE.



1.2 Vegitecture and skyrise greenery

The vegitecture is using the vegetation as the prime component of the
building, we can name this kind of greenery ‘skyrise greenery’, which
means green space at the building beyond the ground level, including
green roof, green wall, sky gardens, terrace planting, etc.

There are two approaches to implement the ‘skyrise greenery’: green roof
and green wall. The green roof is the planting work mainly focused on the
horizontal dimension, while the green wall on the vertical dimension.

Green Roof is now quite successful and widely accepted worldwide. In this
book, we will focus on the green wall.

In the last twenty years, it is Patrick Blanc's innovative green wall that
hoards the world’s attention for the lush, bountiful displays of plants. Many
have seen the potential of the industry, and are investing in it. More and
more green walls have been used, for advertising, cosmetics, and urban

FEHFMMAD

1.2 R AFEZhEL ( skyrise greenery )

EYRANSZEEDATEMH, ARezETiH
BWME, B—MZF&L, BREEEM. EERMH.
EHEEMEARNUTE.

THREUNTRAEBZERT. FEEMMNERRNL.
METREAKE @ LMER2EY, REUZE
FEHTTE LM

WS, FEEMELREBTEANY, AHFEE
WERZINT . B, AXBF, RMNBEENA
EHRWL,

ATENZ+ES, HER - IR ELRUENT
REXNEEZMARSI TEHANBE. T2 AFE
XAV RRAES, SH#TRE, Eit, &
BRUEHENAET Sl ol AR R
FRSOE T I, —EXBESHFRLEEER
HEXNEENERES, HP—MFE2010FH

1.1. Dense Urban Area in Hong Kong
1.2. Vegitecture Design by Dutch architects MVRDV
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CHAPTER ONE Summary

agriculture, etc. Some big events are using green walls as a strong feature.
One example is the Shanghai EXPO 2010, the green walls could be found
in French Pavilion, Canadian Pavilion, India Pavilion, Swiss Pavilion... with
different designs and structures, illustrating the theme of Better City, Better
Life’ (Fig.1.3). A more recent example is the green wall at the convention
centre of the G20 summit held in Mexico in 2012. Fig.1.4

1.3 A brief history of green walls

The concept of the green wall dates back to 600 BC with the Hanging
Gardens of Babylon, one of the seven ancient wonders of the world, and
the only one of the Wonders that may have been purely legendary. Ancient
writers describe the possible use of something similar to an Archimedes
screw as a process of irrigating the terraced gardens. Estimates based on
descriptions of the gardens in ancient sources say the Hanging Gardens
would have required a minimum amount of 8,200 gallons (37,000 litres) of
water per day. Nebuchadnezzar Il is reported to have used massive slabs
of stone, a technique not otherwise attested in Babylon, to prevent the
water from eroding the ground. Fig. 1.5

tattEs, BXEIE. MEXIE. NEE. HLE
EXEZRIET, #BYUBIREERIT. FREHNE
BE&, TERRERT "W, EEEEY X—F
M (WE1.3) o — N EANEHRNGFRE2012FE £
mEETNG0EER, EEWH 0thEFEINT &
BEZUNEE, ME.4,

1.3 EHZAEE

EEZAOMSHEFITMNERILELRERN “=
"
hiEE" EERAXANLtRFTEZ—, hERAPE
FEERAREN—1. ATRERNET, &2
EEE A2 B — MR T R B KR SR e f /KA A9 L AR 3R
xR #TERN. MENSTEPEXESR
EENBER#TERHARR, ARARH: =Pk
" §RRSFEES200M€ ( 95370007+ ) A&
BK. BNA, aRARBHM_HHME, HEREA
EEEARENERRM KN BEARE, RRX
—RAHRBPEXRERELEERTHELRR (WE
1.5

&g

(Hanging Gardens of Babylon) , “%

1.3 French Pavilion in EXPO Shanghai 2010

1.4 G20 Summit Convention Centre, Mexico

1.5 A 16th-century hand-coloured engraving of the ‘Hanging
Gardens of Babylon’ by Dutch artist Martin Heemskerck, with
the Tower of Babel in the background.

1.3 20104 HigttE < AEIE

1.4 2012 B R EFGOEES W P
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Highlights of the history of green walls are provided below:

300 BC to 17th C. AD: Throughout the Mediterranean, Romans train
grape vines (Vitis species) on garden trellises and on villa walls. Manors
and castles with climbing roses are symbols of secret gardens.

1920s: The British and North American garden city movement promoted
the integration of house and garden through features such as pergolas,
trellis structures and self-clinging climbing plants.

1988: Introduction of a stainless steel cable system for green facades.

Early 1990s: Cable and wire-rope net systems and modular trellis panel
systems enter the North American marketplace.

1993: First major application of a trellis panel system at Universal CityWalk
in California.

1994: Indoor living wall with bio-filtration system installed in Canada Life
Building in Toronto, Canada.

In the 1990s and 2010s: It is Patrick Blanc's innovative hydroponic
green wall that hoards the world’s attention for his lush, bountiful displays
(Fig. 1.6). Many have seen the potential of the industry, and more and
more green wall systems have been examined and used, for advertising,
cosmetics, and urban agriculture, etc.

2002: The MFO Park, a multi-tiered 300" long and 50’ high park structure
opened in Zurich, Switzerland. The project featured over 1,300 climbing
plants.

2005: The Japanese federal government sponsored a massive Bio
Lung exhibit, the centerpiece of Expo 2005 in Aichi, Japan. The wall is
comprised of 30 different modular green wall systems available in Japan.

FHSLMR
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CHAPTER ONE Summary

2006: After changing the building codes, Paris became the centre of new
plants, and 39 different vertical gardens emerged around the city. Special
irrigation system is an essential part of vertical gardens, for this reason,
the supporting structure must cling to walls as closely as the wall cladding.
There should be at least 30 plants per sqm so the green wall can look lush
and flourishing.

1.4 Benefits of living walls

Environmental

Living walls help to reduce local wind speeds, traffic noise, and localized
temperature extremes (urban heat islands) by shading and converting
liquid water to water vapour (evapotranspiration) which cools the air. They
help to improve air quality by reducing dust and particulates and help to
reduce the amount of heat lost from a home. Another significant benefit is
the increase in biodiversity, along with aid for food and shelter for wildlife.
Living walls can also significantly increase infiltration and storage of
rainwater through their root systems.

Social
Living walls may have a positive impact on both physical and mental

10
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1.6. Parc Floral de Paris (1994), Patrick Blanc
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health and wellbeing. Green views and access to green spaces in cities
help and relieve the everyday pressures of crowding and noise. They may
have a positive impact on crime reduction since residents living in ‘greener’
surroundings actually report lower levels of fear, fewer incivilities, and less
violent behaviour. Living walls can benefit communities socially by instilling
higher public esteem and pride for an area.

Economic

Living walls and other planting have the potential to increase residential
and commercial property values by 7% to 15%. They help to create a
positive perception for prospective purchasers of property. They soften
newly built houses and give immediate character and warmth. Further, they
can improve the environmental performance of buildings and therefore the
economic performance through reducing heating and cooling costs.

Living walls provide screening and /or barriers where fencing regulations
may limit alternatives. They may enhance the prospects of securing
planning permission. Fig.1.7

e |

|

1.7. Urban canyon with living wall
1. Short wave radiation
2. Evapotranspiration

3. Long-wave infrared radiation
4. Anthropogenic heat
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CHAPTER ONE Summary

Energy Saving

Naturally everything heats up when exposed to solar radiation. A building
is no different. During the summer it leads to an increased demand on
cooling systems and the energy they require. Studies have shown that
the surface of an exterior green wall is up to 10°C cooler than an exposed
wall, therefore considerably less heat is radiated inward. Not only do green
walls reduce cooling requirements but they also help to mitigate the urban
heat island effect. The Sustainability and LEED® Credits sections go into
greater detail about this effect and how green walls or living walls help.

Interior green walls also help to save energy during the summer.
Through the process known as transpiration plants actually cool their
surrounding environment slightly. With each additional plant this increases
and therefore a green wall, with hundreds of plants, can reduce the
temperature of a room by anywhere from 3 to 7°C. Some studies have
shown that interior green walls can cut electricity bills by up to 20%!

12
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1.8 Green Wall failed at Paradise Park in London, UK.
1.8 KEMBAEARNEERUINKMEL



1.5 Green wall and its future

While green walls are catching the attention and the heart of the public,
sometimes they failed. The most famous of these was the death of the
green wall at Paradise Park in London, UK. The wall at the Islington
Children's Centre, installed in 2006, was the first large-scale green wall in
the UK, and received a great deal of publicity. However, after a short three
years the wall was dead. A combination of factors, including the choice of
plants, the irrigation system, the growing medium, as well as not enough
attention paid to the maintenance were blamed for the death. Fig.1.8

The failure is very expensive; it has led to questions about the viability
and sustainability. However, this failure will make people more aware of
the critical issues that need to ensure being incorporated into the design
of a green wall. Jeremy Blake, principal at Purcell Miller Tritton, installed
a nine-storey green wall at the refurbished Athenaeum Hotel in London,
he said: ‘You're dealing with a living organism and that means it needs
to be appropriately selected, appropriately installed and well maintained
and irrigated. The three key elements for a successful living wall are the
growing medium, monitored irrigation, and appropriate plant types for that
kind of exposure’ (Merlin Fulcher, architects journal, 18 September, 2009).

Yet we have some beautiful and successful green wall, both interior and
exterior. Using the right plants in the right place as well as understanding
the science behind the technology is key to a green wall's longevity. The
growth, the stability and the long term viability of the green wall will be
achieved through the well-rounded research, design, training, installation,
and maintenance programme.

TEHELHR
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RS RRHMEMZ X ENEN, EERMUtERE
BERY, HARMHABUNEFYBELTRERKMNX
2/ F ( Paradise Park ) EERMUWINE ., X—T B
FEEHFRFAILE F0 (Islington Children's Centre )
F2006F %%, eRERANEEZLTE, FAit
EXAREE, Af, RRET7T=F, TERMUXK
FL, BEHAMNERERS, HPOFEEMEER
L. BRNEREGE. FERINEKNR (growing
medium ) MR #EFHEZ %, 0E1.8,

RENFEEZUNKYFAHHARNES RN, E
SIRTAMNMYTEERUNTTHEMTHEMENR
. R, XBhBeANNER, IEAMNERIESR
FURITMEZRAXRBEAR . 7 H R RIE LG
EEEBHFNERRT —HMIESNEERLE, B
ER - AXYPBEWEFSHHARTAREKR - BERRR
H: “HARUHT-NEEZUMEN, RAENHNE—
TEFEIGE, IRBRE, BYNEE. BEKL
MTESH, UIRERRGHLA RS, EE
KUNENEBRBRRT=A: £KNMA. LEXER
R MEMRE, " (8K - BRUR, (BRHH
), 200995188 )

TR, BMNERBERDEWMAANNERES
FEEZRNME . MEBUE—NEEZETEHFAX, B
ANMNBRAR LSO TRER S 9EY, FEER
BEEZUBATEFESNAFE. REMEIARME
WEBZES. RiteE. REBFE. #PEE, B
4, BERURSRMENT), HEFERA.
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CHAPTER TWO Green Wall Systems

2. Green Wall Systems
2.1 Definition

Green Wall can be simply defined as a wall covered with plants. Or
more detailed, according to Wikipedia, a green wall is a wall, either free-
standing or part of a building, which is partially or completely covered with
vegetation and, in some cases, soil or an inorganic growing medium.

From the vegetation perspective, we can classify the green wall into two
categories: natural green wall and artificial green wall. Fig.2.1-2.2

Natural green wall (green fagade), uses climbers, creepers, or vines,
sometimes with the help of supporting structure, to cover the wall. The
plants root in ground soil, in planter or in container. They absorb water and
minerals from the soil. Additional irrigation is not essential, but desirable.
The natural green wall is mostly outdoor green wall.

Artificial Green Wall with the names of Vertical Garden (Mur Végétale),
Living Wall, Planting Wall, is using non-climbing plants. The plants root
in felt or in growth medium housed in modular. The plants get water and
minerals from the felt or from the growth medium. Irrigation system is
essential, usually with automatic control. The artificial green wall could be
implemented both indoor and outdoor.

Their comparison could be summarized as follows:

Artificial Green Wall
(vertical garden, living wall)

Natural Green Wall
(green fagade)

BREEZNK (RRIME) AIEER(EERE. FHhEHE)
Climbing Plants Yes No
EERAREXEY b= &
Rooting Ground soil, planter, or container Felt or growth medium
EARAIE HE. HYERRMABRNN RS EYBEHEKNRF
Irrigation Not essential Essential
ERRENEEM rEE BE
Indoor / Outdoor Outdoor mostly Both
BERTFEREREN REMFEIH WEET
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MNEMNBEYE, EESU TN BRE. ARE
B %1 ( Natural Green Wall ) 1A TEBEFE ( Ar-
tificial Green Wall ) . #E2.1. E2.2,

BARAEERL (BIRFEIMEgreen fagade ) TEF|
REEXTBHEXEYRBRIER, ERLBERT, B
FELENIEEMELHEY . BRAEERLNE
WIRTHE . EYERZHEMBIRANLED, A
TEARBKSINT YR BEREEZUBEMNTE
5ho

ATEEZWUXZEELR (Vertical Garden) . &
g8 (Living Wall ) IXARAEYEEE ( Planting Wall )
FTEXRIERRXEY. ATEESUNEYILRE
ETRRPNEDESEKNRF, NMEDBREK
TRFREKDFT IR ERRFEEATEEENL
R iR —A5, BERBEAN. ATEERK
BREATER, hiEAFEN.

EAREERANT BEREEZUNMATEERUR
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