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Gross Domestic Product (GDP) per Capita (2018)

|_$100K and More |

Koeppen-Geiger Climate Classification (1991-2020)
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Sketch by Buckminster Fuller illustrating synergy
(https://shorturl.at/cEHQ4)

“Synergy means behavior of
whole systems unpredicted by
the behavior of their parts taken
separately.”

Fuller, Buckminster. Synergetics: Explorations
in the Geometry of Thinking (Macmillan
Publishing Co. Inc. 1975, 1979). 100.00
Synergy, 900.00 Modelability.



Model workshop at Thomas Herzog Architekten
(Herzog Archive)




Archetype : Scientific approach of sustainability in architectural design
Synergy : Holistic Design Strategies in reducing building carbon emissions

Material : Innovation design of low carbon and reused local materials
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Natural Natural Space Tectonic Semi-HVAC Natural Energy BIPV Earth-
Lighting Ventilation as Shield as Shield Material Performance Sheltered

Space

E Minimized Conditioned Space, «—> Construction

Maximized Semi-Outdoor Urban Life Design—Fabrication—Installation

Environment feedback User feedback
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Site Climate Conditions and Overall Layout

*Climate Zone: Hot Summer and Cold Winter (Zone Il)(Képpen—Geiger: Cfa)
*Climate Type: Northern subtropical monsoon climate

*Seasonal Pattern: Long summers and winters; short springs and autumns
*Climate Features: Mild, humid, abundant sunshine and rainfall

*Annual Precipitation: 1,145.4 mm; ~60% from May to September
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Wind Speed (m/s)

city: Jiaxing

country: China

source: ERAS (ECMWF)

time-zone: 8.0

period: 1/1 to 12/31 between 0 and 23 @1

Calm for 0.0% of the time = 0 hours.

Each closed polyline shows frequency of 0.6% = 50 hours.

Annual Wind Rose
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Wind Speed (m/s)

city: Jiaxing

country: China

source: ERAS (ECMWF)

time-zone: 8.0

period: 6/1 to 9/30 between 0 and 23 @1

Calm for 0.0% of the time = 0 hours.

Each closed polyline shows frequency of 1.7% = 50 hours.

Summer Wind Rose (E/SE)
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period: 11/1 to 2/28 between 0 and 23 @1
Calm for 0.0% of the time = 0 hours.
Each closed polyline shows frequency of 1.7% = 50 hours.

Winter Wind Rose (N/NW)

Wind Speed (m/s)

city: Jiaxing

country: China

source: ERAS (ECMWF)
time-zone: 8.0



Space Organization Design Integrated Design of Construction Systems Comprehensive Design of Equipment System
Space zoning and outdoor organization High performance building envelope structure PEDF system
Comfort optimization of semi-outdoor space combining - .
natural ventilation and daylighting BIPV roof system Energy efficiency of equipment
Integrated design of site landscape Low carbon structure and green material selection Energy Saving Operation Strategy
BIM Technology and Assembly Applications Intelligent control system

Overall strategy and strategy energy-saving contribution prediction

Ref
. Brief evaluation and optimization

(-28.5%) | 2. Spatial zoning and outdoor
organization

optimization
o 1. Energy saving oriented operation optimization
(-20.3%) . : . .
2. Energy saving oriented intelligent control system
Operation strategy
A S
production

mmm  Heating Cooling Interior Lighting ~ mm Electric Equipment == Fans Mechanical Ventilation =~ === PV production

—

Annual building energy consumption (MWh/a)
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Rainwater Harvesting & Sponge City
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Space

Minimized Conditioned Space,
Maximized Semi-Outdoor Urban Life
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Semi-outdoor space

Interactive Form-Performance Optimization for Outdoor Thermal Comfort
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Optimization target: maximizing winter UTCI and minimizing summer UTCI



Semi-outdoor space
Interactive Form-Performance Optimization for Outdoor Thermal Comfort

Triangular Scale Roof Unit Pattern

Parallel Divided Unit Roof Attempt 2

Adding Medium Unit Tier Roofs Final Roof Unit Model

ETRETiRIURIEL

Roof Module Pattern Comparison

The overall roof canopy base form

e

Space grids

The coherence and
geometric logic of
construction.

Unitized structure
Technical integrations,
including construction,
photovoltaics, drainage, etc.

Two-levels grids overlay
Independent control of the space
beneath and the fifth facade.
Uniform control over the size and
type of grid units.



Semi-outdoor space
Interactive Form-Performance Optimization for Outdoor Thermal Comfort

Visual comfort

+ Natural Daylighting Performance in Non-Visual Task Spaces
+ Daylighting Design Integrated with the Urban Context

+ Daylighting Design Considering Specific Usage Scenarios
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[1]Rockcastle S, Amundadottir M, Andersen M. Contrast measures for predicting percepptiﬁiél effects of daylight in

Thermal comfort

Thermal Assessment and Design Feedback: Performance of Morphological
Strategies under Different Weather Conditions

typical sunny day (spring) 4.17typical sunny day (summer) 8.18 typical sunny day (autumn) 11.3
typical cloudy day (spring) 4.14ypical cloudy day (summer) 8.17 typical cloudy day (autumn) 11.4

typical sunny day (winter) 12.23
typical cloudy day (winter) 12.22

architectural renderings. Lighting Research & Technology. 2017;49(7):882-903. . .
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Construction

Design—Fabrication—Installation

VX \.I\
Q- L\ LS S S S S0
pid /7S oSS A A

Roof-Truss Structure in Construction Structural Model




Parametric Design for Full-Process Coordination of Complex Surfaces

Integrated BIPV Roof: PV Installation, Structure, Rainwater, and Daylighting
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Conceptual Phase: Energy-Structure—Form Coordination for BIPV Design

Concurrent Energy System Design 3D Curved PV Form Integration
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Integration of New Energy Components with Architecture
BIPV Roof Skylights, Drainage, and Eaves Details

B Roof Drainage: Integrated circumferential and radial gutter system
B Skylight Modules: Square units in 1.2 m, 1.8 m, and 2.4 m sizes, with diffuse-reflecting light wells for uniform daylighting
B ETFE Skylights: Integrated high-transmittance ETFE membrane, ellmlnatlng conventional glass panel divisions
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Parametric optimization of roof slopes, flow paths, catchment areas, and drainage points.

Siphonic Drainage System Layout
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Steel-Timber Components and Nodes:
Factory Fabrication with On-Site Connector Assembly

1. Components and Connection Testing

- Quality control of materials, fabrication, and bonding processes

- Structural analysis of steel-timber connections

- Prototype fabrication and strength testing to verify safety and durability

2. Factory Prefabrication
- Off-site prefabrication of composite steel-timber members
- Predefined connection points for efficient on-site assembly



Efficient Installation
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Environment feedback

2025.10.01 - 2026.09.27

MBS OB (2025.10.1-20269.27)
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Short-Term Environmental Testing



Post-construction On-site Environmental Testing

Short-Term Environmental Testing

On-site measurements of air temperature, relative
humidity, air velocity, and globe temperature

UTCI-based assessment of spatial and temporal thermal
comfort variations

Preliminary validation of thermal comfort improvements
through roof structure and spatial design
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User feedback
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Natural Natural Space Tectonic Semi-HVAC Natural Energy BIPV Earth-

Lighting Ventilation as Shield as Shield Material Performance Sheltered

Construction
Space Materials recycling

a
N

Roome-in-room climate buffer Local economy Rural Prefabrication
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>  Daylighting-Ventilation Integrated Structure E

Environment feedback User feedback
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B&R) Conditions Before Renovation

B&F Conditions After Renovation
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Prototype and Sustainable Design Strategies

Reference Building

(50-Year Operation) 5264.7 EtC02

Actual Project g - : P T TETTIFERERTTETEITTF
(50-Year Opergtion) 15245 etCOZ '87% -17.3% & // -442% / /

High-Comfort Zone Volume Control

- 60.4% of indoor area uses semi-open
space with fan ventilation

- 17.5% of indoor area uses semi-open

space with cooling air-conditioning
- 22% of office area supplemented : : 4
: . - 22.1% of indoor area is designed as
by side clerestory daylight

sz Energy Offset high-comfort office space

- 15.8 kWp rooftop PV installed
- 15,500 kWh annual electricity generation

! ‘ Daylighting Optimization
- Indoor daylight autonomy > 75%

Assessment of Carbon Reduction Benefits during the Building Operation Phase













- Core Zones: Precise thermal comfort control through air-conditioning

- Buffer Zones: Acceptable thermal comfort with minimal conditioning

- Summer: Thermal storage for cooling in core zones; localized cooling in buffer zones
- Winter: Thermal storage for heating in core zones; localized heating in buffer zones

Room-in-room Buffer Zone
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1 1 1 1 1 1

the buffer zones the core zones the core zones the buffer zones the core zones the buffer zones
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Post-construction On-site Environmental Testing

Long-Term On-Site Monitoring of Key Points Conducted After Project Completion
o Measured temperature at noon on July
40

35 ’\’\F

30 \

25

“ .

South Outdoor Area South Second-Floor North Corridor Outdoor Hall Indoor Multi-Purpose  Ground-Floor Dining Hall Cooling Alley
Lobby . Hall
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Structural Design Optimization
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Material Reuse and Recycling

Local materials i Built photos
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Earth-
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Bamboo lightweight structure
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A multi-functional public service

Re-creation based on past experience Integral woven grid structure of space formed by modular bamboo
201 7 Bamboo structure built with villagers 201 8 Deep exploration of bamboo structure 202 and local characteristics 202 multifunctional space 20 2 structures
Shangeun Village Lounge , Antws , Ching The Swirking Clouds Pavilion, Beijing , China Zhuguaniong Tea Leaf Market, Fujian , China the INBAR Pavilion , Yangzhou , China Maona Village Community Centre - Hainan, China
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& fun

Modular Local Co- of T craft with Bamboo Modular construction Bamboo g g Bamboo Modular Bamboo
villagers modern technology Traditional craft with Local with C of Traditional craft with Local with C of
modern technology modern materials villagers modern technology modern materials villagers
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Lifecycle Carbon Emission Based Material Import from Local District Material Lifecycle Evaluation

Design Framework Raw Treatment Building Discard and

Material for Use Element Retrofit

Foo [T i | ' |
Tile i i Reused Metal Melted &
i Reshaped Roof Tile
Shouning County Fom:g;gg Mesaned Sicnie Founalin i o e
Main |
Sroain ESETSTET i Wood collected Wood frame
- from old house ~ Cleaned & Cut ~ Roof Support & furniture
Structure
Floor
Nanyang Village Baseboard Bamboo cut g Recomposed to
from nearby Dried Structure paper & furniture

Transparert A1
Tiie

Wal

Earth dig
e o e B
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Tile
Purline Stone from Paving Lansacpe
RES nearby mt. Cut & Mason & Foundation & Paving
Other
Material kgCo,
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Case 1: Village lounge of Shangcun
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Case 2

Case 3: History Museum of Qifeng Village
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Case 3

Case 4: Fish-Joy Bamboo Pavilion of INBAR
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Case 4 Case 5
1
N -
o Case 5: Existing reinforced concrete
e building i l
t structure building in same climate zone
Increased:

Carbon emission of construction and demolition
Carbon emission of production of materials
I Carbon emission of transportation

Total carbon emission

Reduced:

:l Carbon emission reduced by Reserving structures

ri

Carbon emission reduced by recycled materials

Carbon emission reduced by carbon-negative materials

@ Carbon-negative materials

Using carbon sequestration materials (e.g bamboo and
timber) as the main structure can significantly reduce
carbon emissions, and the higher the proportion used,
the better the carbon reduction effect.

Local materials

Using locally sourced materials can significantly
reduce the carbon emissions generated during the
transport of building materials. In Project Tea Leaf
Market of Zhuguanlong, we used rammed earth to
build the walls, and the materials were produced,
transported and constructed without carbon
emissions.

Recycled materials

In projects Village lounge of Shangcun, Tea Leaf Market
of Zhuguanlong and History Museum of Qifeng Village,
we recycled materials such as stone, wood and brick
from houses demolished in the neighbourhood,which
have an outstanding carbon reduction effect.






Background

BJFU Garden Festival

Located in a grove in the campus of BJFU, the “pavilion of
clouds” is a bamboo structure built for 2018 “Bamboo
Garden Festival”, and will serve as a hub for information
during the festival.







Bamboo Tile

Waterproof Material

Reed mat

PMMA

Crossing Grid of Bamboo

Curved Beams

Stone Road on Site

Gravel Ground

Concrete Base

Memorial Stone
Bushes on the Site

Inserting of Bamboo Structure
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Bamboo Tile

Waterfroff Material

Reed Mat

Crossing Grid of Bamboo

Moso Bamboo Beam, 90mm in diameter
Steel Tube, 35mm in diameter
PMMA

Crossing Grid of Bamboo

150mm Bamboo Roof Boarding
Spotlight

Striplight

Bolt

Connection Fittings for Fundation
5mm Steel Plate

. Reinforcement Bars in Fundation

12mm in diameter
Gravel Ground
C30 Concrete Base
Stone Road on site



vel Ground

Bushes on the Site

Bamboo

Concrete Cladding

PMMA
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Seepage well Tile

PMMA
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Constructing with Bamboo
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Raw bamboo as building materials.

Bamboo splits cut by workers.

Bamboo tiles with waterproof membrane and reed mats underneath.
Bamboo beams connected in traditional ways.

Waved bamboo splits above the bamboo beams.

Bamboo tile and PMMA as roof materials for light and rain-proofing
Central cone as a supporting structure and a channel for light.
Cast-in-place concrete as strip foundation for the bamboo beams.
Bamboo tiles used to create sense of rhythm.
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Structural calculation

Line model in Rhino

Structural calculation model in 3D3S

Structural calculation model in 3D3S

Structural deformation under self-heavy load

(maximum displacement 2.4mm)

5. Structural deformation under wind load (pressure)
(maximum displacement 10.6mm)

6. Structural deformation under wind load (suction)
(maximum displacement 6.5mm)

7. Structural deformation under snow load (maximum
displacement 8.4mm)

8. Structural deformation under the most unfavorable
load combination (maximum displacement
23.8mm)(a. perspective; b. top view)

9. Structural axial force distribution under the most
unfavorable load combination

10.Distribution of bending moments of structures under

the most unfavorable load combination

PN E















L o -
\ . A L -
: _ \ - -
o0 1) o E \ — SN
¥ ;‘ ) L =
14 X L v — =
-/ AP QVAYR R
A V\N / S
. ‘ , =
) A\ A e
\.& v, b .
4 -
L

na’ AT R — \\A.\ -
i\ — - —
.rwy —a NG . ————
AT A — ,
» -W“ﬁf e I\\ e ..\7\-
B V=il =

y

B\

mrr:ﬁﬂ!.?‘iﬂ-
e







AN

~ ) 1 N\ *
| \
A i . . e
/ A 1 S xy
— y | \ \ g
.
N
’ AN Y \

XNNX

AP R AN IR
TN\ ./ﬂ./ S\,
SR LSS







'
- ,{. \\ W -
T / p ‘ ) e

S o % 7

//f/j/;//‘:j ,,//' o~ >

o

e

T -res
SUNAAANNAA

e



Y A%
| A W
v/ .\\\ //K

&\

4

v

/7

,.,

y

/4 \

2021



Permeable landscape Samboa i secondary wooden bamboo steel tile Metal drainage
concrete seats bamboo structure board rafters waterproof material” channel
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Abandoned Natural Stone

Vernacular elements REUSE
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Abandoned Timber




Broken Stone Plates




Bamboo/Vault/Earth/Stone

Bamboo for Roof
S /
4
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e of bamoo, which is widely planted in Fujian and Zhejiang, China. As a build-
ing material, due to its light weight and good toughness, the earthquake resistance of bamboo is very outstanding,

and it is a widely accepted regional building material. Durable bamboo can be used in pavilions, observation decks,

The roof secondary structure is mad

corridors, pontoons, etc.

- Arched Wooden bridge as pototype for large span structure

The main structure of the building's large-span structure is inspired by the arched wooden bridge. The wooden arch
bridge is a traditional bridge structure form in Fujian, China, which utilizes the principle of overlap between bamboo

and wood to convert deflection into side thrust and solve the need for long spans. At present, the technique of
wooden arch bridge has become China's intangible cultural heritage.

= Rammed earth for Wall
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T113%m AR Ii%1155 g Bamboo-Woven Timber Arch Design Strategy

T SRR AT LLERSS — B2 ARBLERH STOKETHR
g QGRS Y B S N EESEFMNEAD EE A TS
fRARHLRRY IR RN

(F) ZEABE=(E BR8]




T113%m AR Ii%1155 g Bamboo-Woven Timber Arch Design Strategy

TR S ERARRORS LLERSS — AR FF2KEIA
DB BRHELEH LS TRIESH
D L s E R
EBINEEEINEA WG9 B FEIRGE WS I E

MEAERAIME HEREAINE HEYE



T113%m AR Ii%1155 g Bamboo-Woven Timber Arch Design Strategy
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T113%m AR Ii%1155 g Bamboo-Woven Timber Arch Design Strategy

BRITVHEE

BrTRARLE T

1 EEmENRe:
a. BER18m
b. BRI ERRAZEBE 4500mm
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2 EEWEE:
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b. HEIEERN (HIESR)
c. #THEROEH 100mm
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T113%m AR Ii%1155 g Bamboo-Woven Timber Arch Design Strategy

BroiwmAHIRIT

o — - . —

2\ ] i i [\ j ;l‘k: i f%
@f\ i i / \ Uil / \ e / \ Y /%:
O\ / \ . / \\ ]/ \ , E

e 88 H
|
|
|
|

1BOOD

AR 10e

$75-90mm




ﬁ
‘I'Im *;ﬂ 'I' —_ | r r
'\iﬁ
i %
Hg
B
am
bo
o
W
ov
en
imb
e
A
rCh
D
es.
Ign
St
at
e
gy

< :’ .
= .

=
N

N

O

N



T113%m AR Ii%1155 g Bamboo-Woven Timber Arch Design Strategy
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2 Bamboo/Vault/Earth/S
111a%mARIZ1TEERE Bamboo-Woven Timber Arch Design Strategy amboo/Vault/Earth/Stone

Rammed Earth|Stone Rammed Earth Vaulted Bamboo PMMA Bamboo Roof
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T113%m AR Ii%1155 g Bamboo-Woven Timber Arch Design Strategy

Details of Construction Assembly Diagram
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PMMA

Steel Tile
Waterproof Materials
Wooden Board

Bamboo Sticks

Secondary Bamboo Structure

Primary Bamboo Structure

I-beam

Rammed Soil Column

- Gutter

Concrete Coping
Rammed Earth Wall

Metal Aqueduct
Metal Rain Chain
Stone Wall
Green Space
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Rammed Earth
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traditional dwellings - boat shaped houses

concept generation




Master Plan of Maona Village — Village Center
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Holistic System Approach of the Project r
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Hierarchy of the Bamboo Structure System

Layout drawing of
foundation columns

Hemp rope securing
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Schematic
connection detail

The internal skeleton is made Schematic representation
of $60mm red bamboo. of exterior bracing addition

= $60mm red bamboo
$50mm red bamboo

The primary exterior
skeleton (in red) shall
be composed of
$90mm moso bamboo
members.

The secondary skeleton
(in blue) shall be
composed of $60mm
red bamboo members.

To improve the

Schematic . .
arrangement of adhesion of roofing
primary skeleton materials, a denser
(in red) secondary framing
system (in yellow) is
Schematic recommended.

| arrangement of
. secondary skeleton
(in blue)

Custom metal connector
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Multipole activities hold on, organized by local villagers
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