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 Why zero architecture is important?

 What are the key design framework, focusing on:
Zero energy
Zero carbon
Zero water
Zero waste

 What are design strategies to meet the zero design goals?



Global GHG emissions GtCO2e / year
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2018 IPCC Special Report on Global Warming of 1.5 °C



1=f(P,A,T)

I: Environment Impact

P: Population

A: Affluence or consumption per person.
T: Technology or Resource utilization
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Zero Carbon Roadmap
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Zero Carbon Goal in Major Countries
* Inlaw — 29 countries
* In policy document — 52 countries
* Pledge — 15 countries
* In discussion — 46 counties

Countries Carbon neutrality Implementation Carbon foo_tprint Carbon_ foPtprint
target year Progress as of 2023 | per country in 2021 | per capita in 2020

China 2060 In policy document 11.5Gton 7ton
USA 2050 In policy document 5Gton 15.5ton
EU 2050 In law 3.1Gton 9.5ton
India 2070 In policy document 2.7Gton 1.6ton
Japan 2050 In law 1.1Gton 9.5Gton
Indonesia 2060 Pledge 619Mton 2.3ton
South Korea 2050 In law 616Mton 12.7ton
Vietnam 2050 In policy document 326Mton 2.1ton
Thailand 2065 In policy document 278Mton 3.8ton

1. Net Zero Scorecard by Energy & Climate Intelligence Unit
2. Our World in Data, 2021






« Zero Energy
« Zero Carbon
« Zero Water

« Zero Waste



Zero Energy Design



Zero Energy Design Framework

Reduce

Bioclimatic Design
» Building orientation
* Window areas and orientation
*Nature ventilation
*Natural cooling
*Daylighting
-Passive heating Re/Generate

Energy Efficient Bldg. Service Renewable Energy Production

Zero Energy Design Framework



Zero Energy Design Strategies
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Interconnected Elements Explaining Zero Energy Design Strategy



Zero Energy Design Strategy: Bioclimatic Design

Bioclimatic Design

 Building orientation

Window areas and orientation
Nature ventilation

Natural cooling

Daylighting

Passive heating

Bioclimatic
design
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Zero Energy Design Strategy



Net Zero Energy Design Strategy: Bioclimatic Design

Bioclimatic Design

Bioclimatic
design
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Zero
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% € humidity ©) temperature
% (3) radiation (4) air movement
Zero Energy Design Strategy Antonin Raymond, diagram of tropical design principles, from Fry and

Drew, Village Housing in the Tropics, 1947. Modern Architecture and
Climate, Baber, 2020.



Zero Energy Design Strategy: Energy Efficient System and Building Management System
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Image source: All Perfect Stories



Zero Design Strategy: Renewable Energy Integration

Infrastructure

Floatovoltaics, China
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Zero Energy Design Strategy
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Solar acoustic barrier,
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Solar parking deck,
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FKI, Korea






Zero Design Framework: Net Zero Carbon

Reduce
Bioclimatic Design
*Nature ventilation Rel Generate
*Natural cooling
*Daylighting Nature-Bldg. Integration
*Passive heating Nature-Site Integration
Energy Efficient Bldg. Service Renewable Energy Production

Zero Carbon Design Strategy



Zero Design Framework: Net Zero Carbon
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Interconnected Elements Explaining Zero Carbon Design Strategy



US New Construction Prediction

« ~320 Billion ft? in 2022
« ~170 Billion ft? of additional area by 2050

Total building floor area (billion square feet)

500

400

300

200

100

US’s new and existing buildings’ share of building floor area
(residential and commercial)

Buildings built after 2022:
~Bbillion ft2 floor area per year
Buildings built 2022 and earlier:
~320billion ft? floor area
2023 2025 2030 2035 2040 2045 2050

ACEEE calculations based on data in EIA AEO 2023



Zero Energy Design Strategy: Bioclimatic Design

Bioclimatic Design

 Building orientation

« Window areas and orientation
*Nature ventilation

*Natural cooling

*Daylighting
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Zero Carbon Design Strategy



Net Zero Energy Design Strategy: Bioclimatic Design

Bioclimatic Design

bioclimatic
design

Zero
carbon
buildings

(1) humidity (2) temperature
(3) radiation (4) air movement

Antonin Raymond, diagram of tropical design principles, from Fry and
Drew, Village Housing in the Tropics, 1947. Modern Architecture and

Zero Carbon Design Strategy Climate, Baber, 2020.



Net Zero Design: Low- Impact Materials

EMBODIED CARBON AND EMBODIED ENERGY
PER KG OF STRUCTURAL MATERIALS

m carbon, kgCO2e/kg menergy, MJ/kg
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Zero Carbon Design Strategy T
GLULAM BEAM STEEL BEAM CONCRETE BEAM

- Glulam: -0.76kgCO2/kg | STL: 2.7kgCO2/kg | Concrete: 0.15kgCO2/kg

IPCC Sixth Assessment Report Chapter 9, 2022



Zero Design: Low- Impact Materials

EMBODIED CARBON FOR VARIOUS FACADE MATERIALS
mcarbon, kgCO2e/kg menergy, MJ/kg
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Embodied Carbon vs. Embodied Energy
» Glulam: -0.76kgCO2/kg | STL: 2.7kgCO2/kg | Concrete: 0.15kgCO2/kg
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Embodied Carbon vs. Embodied Energy
* Glulam: 8.9MJ/kg | STL: 42MJ/kg | Concrete: 1.09MJ/kg
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Net Zero Design: Low- Impact Materials

Material

choices

with low
embodied
carbon

Zero
carbon
buildings

Net Zero Carbon Design Strategy

r-l'¥4 -

PR LB Y W

s K !

Mycelium structu-re Prometheus bioconrete Hempcrete

Recycled rubber roofing UltraTouch™ Denim Insulation Recycled rubber flooring



Zero Design Strategy: Renewable Energy Integration

Infrastructure
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Zero Design: Nature-based Carbon Sink
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Park Royal Pickering Wisma Dharmala Tower Vertical Forest
%Ztslgrg Zero Singapore | WOHA Jakarta, Indonesia | Paul Rudolph ~ Milan | Stefano Boeri
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Net Zero Carbon Design Strategy

Le Nouvel Tower Haus E Landscape rift
KL, Malaysia | JNA Zurich | MSA Denver USA| MAD Architects
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6" Thick Concrete Planter Wall

12" Depth Washed Gravel Course
48" Depth Imported Soil Mix

4" Diameter Underdrain

2" Thick Compost Mulch Layer

6" Maximum Water Retention Depth

Southwest Montgomery Green Street, Oregon. Nevue Ngan Associates




Zero Design: Nature-based Carbon Sink

The world's forests absorb around 15.6 gigatonnes However, around 8.1 gigatonnes of CO,
Carbon Storage of CO,each year. That's around 3x the annual CO, leaks back into the atmosphere due to
Tonnes of Carbon per Hectare emissions of the United States. deforestation, fires and other disturbances.
Vegetation -----—----- 1
i 120

Temperate Tropical

Boreal Forests o
5 Eorasts Temperate Grasslands Forests

Deserts and
semideserts
42

236

Tropical
EEVELEL

Tundra Wetlands

117

Carbon Stored
Soil
How well soil stores carbon Atmosphere
depends on soil type, vegetation
and climate. In general, the
wetter and colder, the better -

Soil contains almost
2x as much carbon
as the atmosphere
and living flora and
animals combined.

643 Plant & gy
Annimal Life

Data Source: IPCC
Data visualization: Visualizing Carbon Storage in Earth’s Ecosystems
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Zero Design: Nature-based Carbon Sink 55
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Zero Energy and Net Zero Carbon Strategies Comparisons
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Zero Water Framework

Reduce
| Re/Generate
*Sanitary
eIrrigation
*Cooling & heating Rainwater collection
+Kitchen/dishwashing wastewater treatment

Zero Water Strategy



The World’s Water

All water on, in, and above the Earth Howard Periman, USGS,
_ L. Jack Cook, Woods Hole Oceanographic Institution,
& Liquid fresh water Adam Nieman
. Data source: Igor Shiklomanov i
+  Fresh-water lakes and rivers J US Geological Survey

http://ga.water.usgs.gov/edu/earthhowmuch.html




Global Water Use

Water withdrawals by sector, 1960-2014

6,000
5,000
Total (all sectors)
8 4000
E
T% 3,000
g
2,000
1,000
- —— Domestic
0
1960 1970 1980 1990 2000 2010 2020
Year
Source: Authors, = AQUEDUCT WORLD RESOURCES INSTITUTE

Betsy Otto and Leah Schleifer, World Resources Institute (WRI)



Global Available Water vs. Actual Water Use

Evapotranspiration happens
when water from land and
plants is transferred into the
atmosphere

Precipitation
(rain)

ﬁ Forest

(oY
| Rainfed
[j . =]
8 agriculture L
Irrigated
agriculture Industry Urban

g actual demand:
The accessible blue water for 5,370 trillion gallons.

human use is is limited to
12,500km3/year
(i.e. 3,300 trillion gallons)

Guardian graphic. Source: Global Commission on the Economics of Water



Water Stress: Global Available Water Greater than Actual Water Use

Population at risk of water stress

Medium Lowto

Extremely high risk High tohigh medium
>80% water depleted 40%-80% 20%40%  10%-20%

1B 800M

1.2B

Low
<10%

2.3B

1B

Arid and low
water use

2019

2.6B 2050

The Washington Post



Water Stress: Global Available Water Greater than Actual Water Use

- ™
Water stress . | v.

. N.D.

Arid and low Low  Lowto Medium High Extremely _
water use medium to high high Montana

Arizona, New Mexico, Colorado, Nebraska, California and Idaho are using
more water than they receive each year, depleting groundwater reserves

to support farming and industrial use.

The Washington Post



Water End Users in Buildings

Typical office building energy uses of water: ~17 gallons/sq.ft (2012)

_lrrigation, 22%
Sanitary, 37% f "

Kitchen/
Dishwashing,
13%

Cooling &
Heating, 28%

US EPA



Water Footprint in Buildings

Typical office building energy uses of water: ~17 gallons/sq.ft (2012)
Water intensity varies little by year of construction except in inpatient heath care buidlings

Water intensity (gallons per square foot), 2012

60
50
40
30
20
0 mu B .
All large buildings Office Nonrefrigerated Inpatient health care
warehouse

P
m Constructed before 1960 = 1960-1999 m=2000-2012 Cla



Zero Water Design:
* Reduce: Water Fixtures/Geothermal Pile
* Re/Generate: Rainwater Collection/Greywater Treatment

Google HQ, CA, 2022



Zero Water Design:
* Reduce: Water Fixtures/Geothermal Pile
» Re/Generate: Rainwater Collection/Greywater Treatment

{:Centraf treatment plant)

I

/

QWastewater treatment Iandscapa}

‘(m

..r"‘"

( Wastewater

AN

Y
Y

(Recycled water)

Google HQ, CA, 2022



Zero Water Design:
* Reduce: Water fixtures/Compost Toilet
* Re/Generate: Rainwater Collection/Greywater Treatment/Cooling Tower Water Collection

Kendeda Building, GeorgiaTech, 2019



NET POSITIVE WATER CYCLE - #Biohabitats
LIVING BUILDING CHALLENGE STRATEGY ——

Kendeda Building for Innovative Sustainable Design Lo ek B s
Georgia Institute of Technology, Atlania, GA .
FAE

LT
L LAl

- -:-—_EI o g

Regenerate %

3

Basa image: Milar Hull, Lord Aeck & Sargent, Diagram: Biohabitate

GREYWATER TREATMENT % %
Recharge Recharge achmiis Fehnigh
GREYWATER TREATMENT RAIN TO POTABLE WATER CYCLE COMPOSTING TOILET CYCLE CONDENSATE HARVESTING
1 Primary treatment tank—collects, settles”, digests A Rainwater collection—piping @ Foam flush toilet fixtures 4 Condensate from building cooling system
2 Constructed wetlande—passive ecological polishing B Inlet Filtration from roof @ ['::':“mhwzﬂ't compasting unit) 5 Condensate storags tank
i . C Basement cistemn poster units B .
3 Subsurface infiltration-recharges groundwater 0 B fitration + UV disinfection ekid ( multiple toilets) 6 Filtration + irrigation pump

E Distribution to potable fixtures & Compaost leachate storage tank 7 Siteirfgation system

*Periodic salids removal o Biescbastamposing lacliy

Kendeda Building, GeorgiaTech, 2019



Zero Water Design:
* Reduce: Water fixtures/Compost Toilet
* Re/Generate: Rainwater Collection/Greywater Treatment/Cooling Tower Water Collection
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US Solid Waste: 615 Mtons in 2008

1. Recycled or reused: 20~30% (32-48 Mton)
2. Discarded: 70~80% (112-128 Mton)

Lumber (40%)

Asphalt products (14%)

Soil/fines (11%)

Concrete/rock/brick (11%)

Gypsum board (10%)

Other (14%)

= C&D waste = Non C&D waste

The Ellen MacArthur Foundation’s report on the Economics of a Circular Economy



Circular Economy

LINEAR RECYCLING
ECONOMY ECONOMY
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Net Zero Waste Framework

Reduce Re/Generate

*Construction Recycle
*Operation Reuse
*Demolition

Zero Waste Strategy



Circular Economy

Economic value

[

)

&%
&7
7

» Environmental

Recycling
of building
materials

Reuse of
building
elements

Reuse of Reuse of Reuse of value
building building building
systems module (adaptive

reuse)

https://iopscience.iop.org/article/10.1088/1757-899X/471/9/092051/pdf



Circular Economy: Reduce
- Building enclosures vs Material uses
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Circular Economy: Recycle
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Resource: label printer waste

Manufacturer: UPM biocompoents, Finnand
Designer: Shigeru Ben Architects, France

Product directory: load-bearing, waterproofing
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People's Pavilion / bureau SLA + Overtreders W, The Netherlands




Circular Economy: Re/Generate

Scientists Just Came Up With a Wild Idea For Making Oxygen on Mars

L]
]

Microalgae as bio-coating

University of Surrey, England
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