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Research subject - Climatic design in Taiwan

Located on the Northern Tropics in east Asia, Taiwan
experiences hot & humid weather most of the year
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Problem statement - The necessity & response for sustainable architecture

Extreme heat in Taiwanese cities urges for
cooler & more sustainable practices in the built
environments
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Official response: aim for nearly-zero emission
for >85% of all buildings in Taiwan

through clean energy transition
& green building regulations
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Practical design challenges

stagnation of architectural practices,

and the need for existing building renovations

FEEEEmm
" Famw;
1

3

W

el
Tt

JEARAOREERD

B ~
P e L

1

ELEEE TN

"

E “_‘;‘(

B

3 T
CECT

)
1 1

k
AEEN

- - |
s

L T

|

=1 :
B :‘Hﬁw‘_qh
=1 (=8 =

}

:
a':—r- } =

or

~g

= |

e B S




Project development method
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Thematic research - Sustainable design criteria for Taiwan

1. Climatic challenges

Attributes of tropical climate:

1. high ambient air temperature
2. very high solar heat gain
3. high humidity

Passive solutions focusing
on shading and natural
ventilation

1. cross/stack ventilation

2. sunshading

3. effective insulation against solar heat
4. green/low albedo envelope

5. climatic program-zoning
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2. Practical challenges:

Reinforced concrete as a | -
"swiss army knife" building —=
solutions since 20th &
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3. Cultural opportunities:
design with consideration/utilization of
regional living habits & culture
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Design concepts/
strategies

Climatic design General context Core design
. « o . > . > —
criteria in Taiwan analysis strategy
1. Project urban situation 1. Core ventilation scheme
2. Climate analysis 2. Activation of ventilation
spaces for individuals & Design
community |, intervention for
public & private
l spaces
Climatic design Stakeholder
element research system

Programming ——



Renovation project selection

A generic highrise apartment

building in Taipei City, Taiwan

Renovation and adaptive reuse

for thermal comfort
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Majority-residential area, with
close proximity to various

2. multi-generation families
3. college student co-renting

urban facilities
Dwelling demographics:

Situation
1. small families
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Site design challenges

Proximity with nearby

buildings

Heavy & dangerous traffic

Lack of accessible green/

public space

Insulated dwellings devoid
of urban or community

life, and with sub-optimal

climate conditions
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Facade climate &
urban conditions

S 0GC o0 06600 v ant
B D O ey s i

Toocoooooo0ooo . x

1 o
o >
p e
2F ' ri &
\v4 _ = P
50 000 OO0 00O O 00 0O {a

Ly 171X
I L5 T 0
&
1F+ < «Y; Aoy
Afm'l’mn‘f' Coo000 6000000 3 w
1

GF =

opennes S no‘f stf for

heat J.sfc" ng Lt

fﬂ viswal aceess o
ﬁ‘* Lo r L“bJ ‘ % "w.-«-...&‘ ‘ - .

éF ke’), +o Le foo’ l
Sm” LV\QV‘Cvfu’—S

N

/ o O /d 3-4F 7|

DCsé) l ,e morm‘? lov( @

)

SWV‘r/ro\m g(

) 'ﬁan fe

|
|
Fo"h.’n‘fn’al FO/ ;”’5" "e""pii t ‘
-
i winter N
“
TR S

P
ra

e
4

e
s
;

#e on — Araend
)/ ntmr_ ﬂravm l‘cva’ ({ vy
he. }hl?lf"maJ face/é e ,C/ )
\ vanon(y Ox” 'quode /fe5

N
®

/aw&(

v{s?e ’(:rom
N\ﬁ €

AN

3

Vet iy e

L»onzan‘ﬁv[ S"m(l For su\mmtfs 5["91\‘\JC and/for

exfe/wr CA/W" M
{4

[

Loé)y«

{
i

"Neighborhood" side (E2)

éll‘reb'(' )5 no‘,’ Lm/ LWf S'f /,

6 m !
mnsm‘/‘c

{o( D\(JLI\/F]L,¢;

Iow»wise, c;rar"hv\@n‘fs or

+ovn )‘nOU\ pd =2



Ly

~

the presence of \/fgoy-@ i
o[ic‘}a\{’ei 'H""\.'I‘ mﬂvi’(/es O’VI ﬁve fw“dc )

m-between space becomes a canscions

CL)O;LQ Of (J}/:’o/\y/ha J{S/)Iy/

8

the image of a home Lecomes
individven //:rivm-fe

"Seen" side (N1/N2/S3)

16

N Junme neon — n

J v enr
P
/!\

a Decowabef noen —

—Opetentially bengfieinl !

—verfical sv\n(.’/m"

=4

il .'fa/}lt /ﬂllﬁl‘ﬁﬂi

|

orizpn Y ' 7 ? nﬁ% ‘/‘ m}i’h
i s Pk

=

i

A” ey “mornin /&Venx'h \ '('
—/)(:w ovpile %wf’ / ’(g)‘

very 5kcch‘thh§7min
but no ﬂ’bﬂ‘. jssme )

0S Aéf'/ban'fh’ SMV)S}M

| ’
| B
| S

o g [ Inoms cotn M% I
¥ ; ts[)tat?\/ In  Summeyr E

L

akaiar m i 15

S

=

= = ' —
| G



Cjeo»r 2 ﬂ” for
~ 400 m D\l‘iﬁo\d

—=—)

ce ’e [~ Can\rhs =
i k@ﬁ emr}/ ¢

v

O\f npkt )\A/ s

the "ot Facode /]

OYL *Ac ffzicéf

facade o

v.s?]a/ privecy

\‘/

——

/‘ g N \"»v__

S s

Lw‘}vy df /ewf

ression & ermined 155 L/
Lw"’ mor & é/ dl”mfpz,m‘f’oﬂ

Llobk J"\'f.vy 17
Fo@z e ot nyh‘/ ¥

Yake <olumn” "—
repinrpgse as  Solar
\/Crf’m‘ 5Mfror+ for

7[*00\116 wrterven (m %

oYILW‘hCPQ"
9olaf Ghmm}y

Cm"'c MNJWI’ res

addifional SRC U=

Vcr""aJ sl-mJ m/

scheme ”"‘“5‘"?’

existing ref decor” T
sfrud/'u,@; ( w,’nJ dir u'f,'an
S NP i \‘ <’\J‘\f\/\/\/\/v
PRl canli..—. ﬂ s repwy e s -
\\“Kvg { e f r + -’, ><\ -
S £ yubai ot b mpe
2 fodlie 3200 nlet?
2
[ imhey L
e ol |
) "-3 . e z‘” 2 Ll =
‘{1 Tz {::.)? % RN 3
g—} ~— L j L% S
{ ' : [
LY {
» SO - e~
Elevator oLﬁ,
Ly |
|
f N +;n9v~1u‘}mn selutis
5% H oW/ Conmhni/y f‘"’ff”
i T L
l 4 e \4 ‘/\_\m«‘ /.,4"‘\_/\
27 " e LL" /\\__/\
$§ i
< | 4F
2 effu‘h’ve tross
chﬁlmhm _54|em0
—rermagine &
— fe'fmc« I& }wovxse
L 0n“'twoy?

b A

‘)ﬂnnr, ever), 4'
s s

Lo 1F

- GF

"Clear view" side (W/E1/N2/S1)

L«Lly



salar "f'm"z on nj LW ,€V5/5 f,mxlo)ts
solay Cln'rnnq t v Stilate Tho roems

JME n'“nkj' z [ "I
ﬁoo sunchadino : ,-
Lné '&Hlﬂﬂ ,(‘3\ J

DCW"’LQ{ noen—

al] ‘1}" um’;’c‘*e}’ ‘:O:”

| —

Su '
blocke) of f \

LY
'[:_—!‘I-'Zﬂms Fm/iJe sLadiuJ J

'féf Shmmey” hooNs

/H' et mom{vy/vvm'w
§omr(,/c of svml’-ﬁh‘/ fa(_} ! /’
O

N —

lower levels ey _

G
o s
e N
8 X
’
¥

<

ITf_l

——

L| ﬂ

i

,‘-'-‘-‘—1;—:-[, |
Lt [ ;
Wevnating balc omie
QM;J e;d»} Litut i J[
}MVML !
AL 7 |
- U

A
[

=

ncan; ):yu'u’m -
9F/2€m

solld walls on n&'ﬁ’?lﬁ"m LwUnys
0 ivere ”550\& th severe}z Aamfcre&
KZ& Vmﬁ/’lﬂo‘n

"Ravine" side (N3/S2) .
18 loh



Core climate design concept
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Repurpose cosmetic New plaza and terrace
“canopies” and elvator Existing void spaces to facilitate stack
shafts as solar chimneys & cross ventilation

Improved natural
ventilation scheme




Elevator shaft to solar chimney conversion

Steel plate as structural
reinforcement

Smoke curtains flush to
ceiling plenum




Integrated design strategy: minimal interventions to improve passive cooling,
and activate community gathering & private in-between spaces

Basic intervention - Public

Stack ventilation intake
as community spaces
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Basic intervention - Private

Revised cross ventilation scheme +
configurable balcony additions




Activated community

Meaningful social programming
to restore sense of community to
highrise dwellings
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Personalized outdoor space

Structural additions/alterations from
the residents to suit the programmatic
demands and spatial quality
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Community + private experienced facilitated by cooler spaces & combine to

22

form a new activity-driven expression for the building
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Climatic design
criteria in Taiwan

v

v

-

Design studies

General context

analysis

Climatic design
element research

1. Compatible building
solutions

2. Suitable vegetations

3. "Soft solutions"”

Design concepts/
strategies

Core design
strategy

|

Stakeholder
system

1. Interactions/obligations
between architect,
community management,
and residents

l

EE—

Programming ——

1. Connection with
Taiwanese urban culture

2. Floor use conversion

Design
intervention for
public & private

spaces



Design element selection

Roof deck + freestandi lant :
Green sunshade - bamboo Pedestal pavement system Regular green roof oof deck + rees anding planters Gravel-based roof garden
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Suitable vegetation types

Z. matrella

+/ Endemic species
+/ Very low maintenance; no mowing required

+/ Very drought-tolerant

D. chrysantha (Zoll. & Moritxi.) Miq.

+ Endemic species varient
+/ Drought-tolerant
= Spreads slowly

W. chinensis

Endemic species
Very hardy

Suitable for consumption (herbal tea)

1 € <K

Prefers full-light environment
= Rapid growth

S. taccada

+/ Endemic species

« Tolerant to wind, salt, harsh exposure

I. pescaprae

+/ Endemic species
+/ Hardy, draught-tolerant
+/ Doesn't attach to & erode building surfaces

= Prefers full-light environment

L. formosana

X< <

Endemic species
Low maintenance
Deep roots (5-7x trunk @)

Prefers full-light environment

P. pinnata

LK

Low maintenance

Wide & dense crown
Nitro-fixing property for the soil
Draught-tolerant

Shallot roots (3-5x trunk )

Prefers full-light environment

L. indica

Low maintenance
Wide & dense crown on mature trees

Beautiful pink/purple flowers in the summer

AN NI SRS

Shallot roots (3-5x trunk @)

C. indicum

+/ Endemic species

«/ Produces fragrant flowers all year round

¥ |

= Fast-growing climber

D. volubilis

+ Endemic species
= Fast-growing climber

= Adapts to full & half-light environments

N. cor difolia (& other common fern species)

«/ Hardy, low maintenance

= Prefer low-light environment

B. multiplex

Very low maintenance
Dense foilage
Wind-resistant & can be used as wind-breakel

Draught-tolerant

LKL

Shallow, clumping roots ideal for planters




Soft solutions:

User habits and/or activities that creates specific

Windows/doors constantly kept
open for airflow

26

(positive) spatial or climatic conditions

Neighborhood socializing helps
contextualizing and maintain public
spaces

Resident's ability to modify living
spaces with item, furniture, or
structural addition
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Potted bamboo - superior
sunshading and windbreaking
properties + easy to handle

Community provides regular
pruning & positioning of the
bamboo plants

Bamboo (& other selected plants)
can be shared for personal
gardening

Bamboo logs can be used in the
construction of items or light
structures
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Program zoning

Space/demographics relation during work hours

Roof
garden AN . 1

| # |

Regular
apartment
floors

Studio
apartment

floors
j

— “Mini plaza”
play area +
garden

F————

Ll _

Community spaces the elders to
socialize, with the elders being
a driving force for community
management
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Space/demographics relation during evening/weekend

F————

]

Community spaces can be enjoyed
by everyone during evening or
weekend



Apartment conversion volume
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Partial conversion into studio
apartments
(140 reqgular / 50 studio apps.)
+community spaces
+improved cooling for whole
building

Partial conversion for
community & ventilation
purposes

Existing apartment units
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Roles for stakeholders &
System for project maintenance

Community
Architect manager/ Residents
association
1. design & construction of all 1. maintain the order & security of 1. may assist community
fixed architectural elements in the building association
roof, plaza, apps. floor renovation/
conversion 2. maintain building elements - 2. may alter/maintain community
(private & public) when needed spaces (gardening, gathering etc.)
2. Arrangement of mobile elements
(bamboo planters, public furnitures 3. coordinate community events & 3. may demand for balcony
, roof garden planters, etc.) specific climate responses (typhoon additions
etc.)
3. Provides design scheme for —— 4. small scale, spontaneous
balcony addition kits 4. manage requests for balcony =~ «— additions in both the balconies
additions, hire contractors to and public spaces

manufacture & install addition kits



v
Thematic research Design studies Design o epts/ PAELY fr.a gment
strategies design

Climatic design _ General context _ Coredesign _ Design
criteria in Taiwan analysis strategy ____ intervention for
public & private

,/ l spaces

Climatic design Stakeholder | |
element research system Mini plazas & roof

terraces:
H 1. Design for climate and
community gatherings

Programming ——

2. Typhoon response

3. Detailing for durability

Apartment renovations:
1. Balcony kits

2. Ventilation solutions

33



Perforated timber acoustic
panels, recyclable rubber

with the ma

nd airborne noise

Gardening as the main activity to connect the
community while serving as a key element to
cool the space via sunshading and transpiratio
cooling

Envelope composition

AN

NP High angle sunlight (noon):
—O— Blocked by horizontal sunshade +

Low angle sunlight (morning):
Filtered by vertical sunshade +
neutralized by potted bamboo

Facade structure offers control over
the sunlight, and satefy for the people
and items in the plaza space

N

. /Steel rail/flowerbed frame w/ demountable flowerbeds
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Mini plaza - Typhoon response



i plaza el

ion fragment

Screw sleeve 70mm embedded
in existing RC floor structure

Steel sunshade:

70/70/5mm steel C-section
expanded steel mesh
galvanized & powder-coated

Main steel beam:

1. 500/10mm steel plate

2. 235/100/5mm steel RHS
w/ two slit cutouts
galvanized & powder-coated,

housing two extruded aluminum
top-hung sliding sunshade rails

Steel railing:

1. @ 35mm steel tube,

fixed at the bottom w/ bolt

2. 70/50/5mm steel C-section
3. 65/50/5mm steel T-section
4. 5mm steel sheet profiles as
support structure

for planters

galvanized & powder-coated

steel pin w/ silicone
sheath as roller connection for
the bottom of sliding sunshade

70/40/5mm steel RHS

Floor finish:

PU clearcoat

poured clear concrete screed

w/ 1:50 slope to central drainage
existing RC slab & beam

jo -

\J\h}gnaﬁlf N\\ ~

Detachable planter:
5mm sheet steel
w/ drain holes &

2 spring clips on the side
galvanized & powder-coated




1a. Slab beneath the existing cosmetic glass
“canopy” partially removed to convert the

Roof terrace - New, old, reused elements elevator shaft into a solar chimney

3. Minimal amount of new RC elements
(red) added as rain water collection

2. 520m? existing roof pavement panels /\
recovered from removed floor slab &

area converted into green roof <>O<>

" 310m? can be reused in other projects

partially removed for roof garden space with
better sunshading scheme




Roof terrace - Climate strategies & activities

Green roof with grass & sprawling
bushes (S. taccada etc.) to minimize
solar heat absorbtion

Existing roof pedestal paver system
reused to minimize the need for new
materials, with additional facade layers
to moderate solar heat gain

|
Visible gutter pipelines and
rainwater collection system

Envelope composition

with faucets provide water for
farming/gardening

High angle sunlight (noon): _\O_
Blocked by the fabric roof 77>

D

7 Retractable fabric roof

Low angle sunlight ~ ~ L/
(afternoon):  ~ O ~
Filtered & neutralized
by the bamboo

* Bamboo plant in stationary steel planter

RWA WAL

RVANA VA

SHS rods above & between the planter )
to protect the plant from strong wind




Temporary construction work space Seasonal festival, event, workshop

For the flexibility of the different
use of the space, the lightweight
planters for the vegetable garden
can be easily rearranged to suit the

activities. = = During hotter hours, or when the
space is not used for gardening,
the fabric roof can be extended to
provide shading.

The terrace offers a shaded, well-ventilated space for
residents and/or construction workers to assemble or craft
components for the residents’ balcony additions. The
rooftop location effectively minimizes the impact of the

noise on both the building and the surrounding urban Vegetable garden
space during day time.

s %
e e |

o

Rainwater collection system
provides water for irrigation

Sy




within during typhoon easily.
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Existing storage room allows items to be relocated

as a storm drain buffer.

Both rainwater collection tanks on roof terrace and
plaza level can be preemptively emptied to function

Fixed planter and additional support structure protects

bamboo (or other plants) from snapping under strong wind.

Roof terrace - Typhoon response
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Steel planter:

5mm folded & welded sheet steel,
w/ corner supports

galvanized & powder-coated,

fixed via corner support to concrete
edging on the sides

Roof pavement:

1. reused concrete pavement slab
2. reused pavement pedestal

3. roof membrane

4. 15mm structural plywood

5. 135mm rigid insulation

6. existing RC slab

pre-fab RC parapet
w/ coping stone slab

galvanized steel gutter w/ grating

oIz’
="

OOC

100

300

700mm
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Normal — studio apartment conversion

B New structure
B Preserved structure

Removed structure
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Ventilation elements for apartment units

A. Entryway screen window B. Plenum forced ventilation C. Balcony entryway
(+visual partition) system

D. Reconfigured corner balcony E. Repurposed fake F1. Fully-extended F2. Basic balcony kit
column & vertical shaft balcony kit
as solar chimney
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Implementation of ventilation elements

“\\\\\\\\

Prevailing wind & over/under-pressure

El

s s

F‘\}\}}\\\J

k\\\\\

central solar chinmey
== 35 Main source of air
exhaust

+,

F2(sunshade)

AN

F2

Anaaa A L Y

i3

F2(sunshade)

FZ(sunshade)

forced air
intake for
areas with
insufficient

overpressure

F2(sunshade)

F2 AN AN R R

T

BRSNS R <\

E H JE
auxiliary solar chinmeys

to facilitate airflow of
individual rooms

Standard apartment plan (north tower)

FZ(sunshade)

AN A NN

E

F2

F2

\\\\\\‘

‘\\\\\\ .

‘ E

|

i

F2

ACNENENENENEANENENEAAN

D+F1

+ .

F2 (sunshade)

AT

F1

BENEEN N

Bintake)

| B(intake)

single continuous room
& air channel - no solar
chinmey needed

Studio apartment plan (north tower)
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Balcony kit design criteria

Generic openness Extroverted openness Enclosed aperture

L
glare & heat-blocking activities requiring shelter extension of room

& more floor area program

F4 TR\ S = =
¥

' ““““ v
sy —
open view + ventilation + structures for planters redirected opening(s)
safety

F

well-ventilated privacy

Utility modification

+ ledge/shelf

j

mechanical side

Weather response

|

(E—e—— Water can move in any

r ) direction during typhoon;
extra waterproofing/
ventilation measures should
be taken

2

=

]

\ watershedding

‘ 1. Operable/portable
,--’"’5 elements should be
made adjustable to
minimize damage

5:‘,1',’7\4\ 2. With strong wind
N> e, 5 lift, rigid structure is

preferable over tensile
structure
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Balcony kit composition

Timber sunshade
(rail set + louvres)
- closed state

Floor slab / sunshade module
(steel frame +
timber flooring or bamboo strips)

Steel railing & addition column —

open state

®  Floor module rail set

@®  Steel gutter +

. Basic fixed structure structural diaphragm

B

— 150*200mm glulam beam +
steel connections +
moisture barrier cap

. Basic addition elements

' Optional addition elements (]

collapsed
state

Fully expanded
configuration
(w/o secondary
additions)

Basic balcony
addition




Balcony kit fragment section

Modaular steel casket housing -
timber deck board ) -
or bamboo strip sunshade —

s

Z‘/ﬁoﬁmﬁﬁﬁﬁxz

1)

Lyl Pl

u;}munmlﬂ

A

Steel railing & frame

w/ slotted screw holes as
connections for secondary
addition items/structures

|
l ‘ S
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I
|

e — - LV
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P — — —— = Aﬁ—:.__'_"‘._'f_'
fi ,
n
Glulam beam
w/ steel cap & vapor barrier tip
Top-hung, single roller sliding sunshade fixed via bolt connections
w/ slotted railing set onto existing RC structure

Individual shutters are secured in place
when fitted into the railing slots, and
can be lifted & slide to the sides

Integrated steel gutter +
structural diaphragm +
floor module rail set

w/ removable top cover for
gutter cleaning

=

N

S
N
o

N
N
N
N
N
N
N

0 50 150 350mm 0 200 600 1400mm : - e




50

Basic kit & addition construction process

request for
additions

Residents

\/

approve & arrange
construction

Community
manager/association contracts

Local steelworks
-

/installers manufactures to
architect

provided spec.
& installs

Steelworks may provide secondary addition elements such as
ornated window grating for the residents’ addition projects

=¥

Standard construction
scaffolding & safety net can
be set up from the balcony

1. add/rearrange floor panels
2. rearrange sunshade module
3. add/rearrange railings

4. add mounting frames

Secondary structure and items
such as shelves, wall panels,
flower pots etc. can be
mounted onto the mounting
frames safely by the residents



Project use condition
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Urban influence

Project as evaluation + intervention ¢
strategies to renovate/reuse old
structures/typologies:

Remove & convert
existing elements

\/

Negative spaces for
passive cooling

S

L~ | AR
Converted spaces for (ntlgduc AT

community/personal > ‘ ity '
leisure nsity dwel
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Thanks for listening!

& questions
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