Eco-Footprint

The amount of land required to provide a given
population with all its resources and absorb all
its waste, wherever that land might be

Towards an Age - Lessons Learnt
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ARUP

Integrated Resource
Management Model
(IRM)

Towards an Age - Lessons Learnt

Linking Master Plan
to the input of
technical disciplines
and strategies
(energy,
transportation,
waste, water etc.)
and informing
decision making

ARUP
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strategies A ’
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Strategies | T A \
Wy ® Design
. = evolution &
) optimise
performance
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SPeAR
(Sustainability Project
Appraisal Routine)

5 - _—

Qualitative assessment

in understanding the
dynamics and optimizing:

*Social
*Economic
*Natural Resources

*Environment

Towards an Age - Lessons Learnt A RU p
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Project Integration

* Ensure KPI's and targets
decided upon at the start of the
project are incorporated into the
Master Plan.

— Energy (& Carbon)
Water
Materials & Waste

Human & Environmental
Health

Density & Housing

Mobility & Accessibility
Selected technologies are
suitable, locally available etc.

Economically viable

Implementable (regulatory plans,
infrastructure providers,
management etc.)

Ny
Towards an Eco Age - Lessons Learnt A RU P

Sustainable
Buildings

Carbon neutral

X
73]
[
P Self-sufficient by collecting and re-using water
I v
=g
Nz Built using sustainable materials
2.2
= O
o O ) )
< Able to cope with future climate change
‘<
% A positive contribution to society and
the built environment
Sustainable in operation
Towards an Eco Age - Lessons Learnt A RU p
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Research &
Education

of the built environment

Towards an Eco Age - Lessons Learnt

help Arup and clients understand the future

Rating Tools

B qreen

A building
MNindex

www.greenbuildingindex.org

Towards an Eco Age - Lessons Learnt

SILEED FOR
NEIGHBEORHOOD
il DEVELOPMENT

breglobal

ARUP
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10 Principles of
Biomimicry

Towards an Age - Lessons Learnt

P

Diversify and cooperate

Gather and use energy efficiently

Use materials sparingly

Do not draw down resources

Run on information

ARUP

Towards an Age - Lessons Learnt
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BedZED - 1999

Towards an Eco Age - Lessons Learnt
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+ Beddington Zero
(fossil) Energy
Development (BedZED)
located near Sutton to
the south of London.

Peabody Trust , one of
the largest housing
associations in London,
is a long-established
and forward-thinking
social housing provider.

Culmination of many
years of ideas testing
between Arup and the
architect Bill Dunster,

Towards an Eco Age — Lessons Learnt
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BedZED

BedZED is a zero energy
development designed to
produce at least as much
energy as it consumes.

Brownfield site consists of 83
mixed tenure flats, maisonettes,
and townhouses; approximately

2500m2 of work/office space;
and community uses.

The village incorporates
sustainable material sourcing, a
renewable energy supply, a
total water strategy, and an
integrated transport system.

Towards an Eco Age - Lessons Learnt

Powered by a biomass CHP
plant (110kWe) running on tree
surgery waste to give overall
net zero CO2 emissions.

The village's water
consumption is reduced by the
use of low flush WCs and spray
taps.

Rainwater is collected from the
uppermost parts of roofs and
stored in tanks below ground
for non-potable use in dwellings
and for irrigating the landscape.

On-site natural waste water
treatment and recycled into
rainwater storage tanks.

Towards an Eco Age - Lessons Learnt
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+ Environmental — low-energy
and renewable fuel, including
biomass combined heat and
power (CHP) and
photovoltaics (PVs), zero net
carbon emissions, water
saving, reclaimed materials,
Green Travel Plan, biodiversity
measures, and private gardens
for most units

Social — mixed tenure, two-
thirds affordable or social
housing, lower fuel costs,
healthy living centre,
community facilities, sports
pitch and ‘village square’, café

Economic - locally sourced
materials, workspace for local
employment and enterprise,
i EREE ll-il: L

locally available renewable : G
energy sources. - 1

™~ - i
Towards an Eco Age - Lessons Learnt A RU P
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BedZED

Lessons Learnt

+» Demonstrated high level of urban sustainability.
+ Achieved Zero Carbon building target.
.1 ¢ Planning, educational & economic gains:
— Higher density for green dividends

- Selling at high premiums
L .« Demonstrated technological possibilities.
| + Great working demonstrative model

. SUMESTTHNLITISS
& Areas for Improvement

8 « Inconsistent bio-mass supply (More PV added and reconfiguration of the CHP
plant to enable multi-fuel).
* Requires major lifestyle change for occupants.
. Constructlon |mpr0vements bundlng envelope air tlghtness

Towards an Age - Lessons Learnt A RU P
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Dongtan
Location

Towards an Eco Age - Lessons Learnt

Opened 313 October, 2009. World's largest tunnel diameter
and is “the fifth largest cable-stayed bridge in the world”.

tunnel highway
9km 5=
Shanghai ChangXing Chongming

Pudong Island Island

Chongming Island Bridge

October 2007

October 2009

40
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Electicity from
residual soid e:
waste, 16000 waste, 3,000

L= nmmh
"hl'll"

41



Dongtan

Eco-Footprint Eco-City Footprint 2.3 gh/person
Conventional Approach Footprint 5.8 gh/person

Shanghai Beijing Conventional Sustainable
Approach Eco-City

Towards an Eco Age - Lessons Learnt A RU P

* Support decision making (options & scenarios).

Dongtan + Coordinate technical sector inputs (i.e. transport,
waste management, energy, social
infrastructure, etc);

+ Facilitate iterative process of testing and
refinement of solutions

Integrated Resource
Management Model - IRM

e Pt e e e
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Compact city - Mixed use
54 % Residential / 46% other uses

- t . AT l .—..—- I
L amm et WS ——
LGN o opropieg i | Lo
e T e Sk ——
e e S S B S B t—
e

Reduces demand for motorised travel
Provides services locally

Generates employment

r--—-l—i-:""-ﬂ— LR e
e — .
e e

Mgsterplan
~=GliSters and Centres ~ -
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Dongtan
Lessons Learnt

= S e R - d -4 kN &

+ Created a methodology & model for sustainable masterplanning that is now being
used to inform numerous other planning projects in China and across the globe:

+ Our vision with our client was to share this ‘integrated urbanism’ approach with
academic centres, research programmes and design institutes.

+ Supporting an extensive programme of research into eco-city design funded by the
UK and Chinese governments and carried out in Chinese and UK universities in
order to help build a broader understanding of sustainable development.

_ S - — " g
TN e - NN ¥ Er a8 |
; Areas for Improvement ".."ﬁ
BE * Feasibility of some of the recommended technologies (non-fossil fuel cars, consistent P‘.
} large scale bio-mass supply, large scale wind farms etc.)

=¥ « Costs and economic model
‘ + Implementation into local statutory control process.

-

Qingdao Eco-Block - 2007

T

e Huahui Designs
University of ¢ 1# -\'\‘
California r =

-

.
Berkeley : - A
N/ = MOORE
Towards an Eco Age - Lessons Learnt A RU p
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Qingdao
Eco-Block

* China is efficient at
building housing on a
mass scale to meet its rate
of growth

e Everyday 10-15

Superblock developments
are built.

» Superblocks are typically 1
kmz2 in size

* Every year > 11 million

new Superblock
apartments are built.

Towards an Eco Age - Lessons Learnt

"ARUP

Qingdao
Eco-Block

potable Waltehu,

'lE:)\-/\Er pm’"" e
-

= ,1' .‘:'..\I ‘

Towards an Eco Age - Lessons Learnt

The mass-replicated SuperBlocks place

significant demands on China’s
infrastructure

SuperBlock

ARUP
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If SuperBlocks could be self-sufficient [energy, water & waste],
then demand on China’s infrastructure & natural resources could
be significantly reduced

Towards an Age - Lessons Learnt

Eco-Block

SuperBlock

Places huge demands on natural resources Mass replicable EcoBlocks - are self-sufficient

and infrastructure with respect to energy, water and waste,
significantly reducing demand on China’s

infrastructure and natural resources.

ARUP

Towards an Age - Lessons Learnt
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Qingdao
Eco-Block

Qingdao Site

8 replicated EcoBlocks

5,100 units total

Increasing density towards
transit

Towards an Eco Age - Lessons Learnt

GOALS:

Mass replicable

+ Resource self-sufficient (water,
waste, energy)

+ 100% waste water recycled on
site

¢ 75%+ reduced potable water
demand

¢ 100% on-site renewable energy

generation

+ Encourage journeys by foot,
bicycle and transit

* 40% to 60% site area to be
green space

Towards an Eco Age - Lessons Learnt
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Passive Solar heating High Efficient lighting
performance

glazing

CECP

Natural Ventilation 1 - ¥ = Energy efficient
I ik equipment

i
e

H HE
I mide
Daylighting

Shaded walkways

Shared
Plug-in Hylbsrids o "I

Buil-dirqg shading.

Towards an Age - Lessons Learnt A RU P

494,000
kWh/yr

| —

1 6(y Household Organic Primary Water Tank - Green Waste
Y Waste Sludge

On-site

Renewable Energy: .
Waste Anaerobic 7%
Digester 80,500 kWhiyr

Towards an Age - Lessons Learnt A RU p




Qingdao
Eco-Block

Energy Strategies — Onsite Energy
Supply

Roof mounted
photovoltaics

Hl

Building |ntegrated
wind turbines

i'rlf -
ke

_Cawopy Integx ated
photovoltalcs

Towards an Eco Age - Lessons Learnt

84%
On-site
Renewable
Energy:
Sun & Wind

Qingdao
Eco-Block

Water Strategies to Reduce Demand

Towards an Eco Age - Lessons Learnt
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Qingdao
Eco-Block

Water Strategies for Alternative

potable water supply
from off-site

Towards an Eco Age - Lessons Learnt

Rainwater
Harvesting

ARUP

Qingdao
Eco-Block

Water Strategies for Alternative
Supply

== |
Wastewater
Treatment o
‘f.
L 3
Constructed wetlands
living machine system

Towards an Eco Age - Lessons Learnt

i

- _G ray water

treatment

On-site chlorination
and UV treatment

50



Qingdao
Eco-Block

Waste Strategies

L ——= ey

. The SuperBVIQck

Recyclables
i pra. |

1465 kg/day

76%

455 kg/day

24%

A1

to be Rec

Towards an Eco Age - Lessons Learnt

IThe EcoBlock

ted B

green and organic waste

el

Recyclables
= | ISR R ™
i

339 kg/day

17%
550 kg/day
to be Recycled
29%
1032 kg/day
54% Waste to energy

ARUP

Qingdao
Eco-Block

Waste Strategies

Each residential unit linked
direct to automated system

—

Street waste collection
linked to automated system

Underground
automated waste
management

system

Off-site recycling from
central point

Towards an Eco Age — Lessons Learnt

Anaerobic digester




Qingdao
Eco-Block

Lessons Learnt

Technologically possible.

Created a development
model which significantly
reduces pressures on the
natural resources and

environment.
Good political support.

Financial constraints
resulting in low take-up
from the private sector.
Difficulties in
implementation under
current statutory conditions
without subsidies.

Towards an Eco Age - Lessons Learnt A RU P
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Changxing
Location

* Located in Fengtai’s Hexi
District, within the south-
western region of Beijing.

* The project site is
approximately 17 km from the
center of Beijing.

¢ One of the most important
development areas along the
south-western corridors of
Beijing city, to accommodate
the city’s growth.

» Won ISOCARP 2009 Award

Towards an Eco Age - Lessons Learnt

—

Towards an Eco Age - Lessons Learnt
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Changxing

+ Based on a Sustainability
Framework which clearly sets
out the Vision, Objectives and
measurable Performance
Indicators.

Energy, Water, Waste,

Environmental, Ecology and
Transportation strategies to
achieve low carbon targets.

Developed a total of 19
guantitative performance
indicators to compare the
master plan with conventional
city development/ “Business
as Usual” (BAU) mode.

Towards an Eco Age - Lessons Learnt
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Changxing

Sustainable Development
Indicators

Sustainability Indicators (19 indicators)

Natural Resources

+50% reduction in CO2 emission compared to BAU
including carbon neutralization through tree planting
standards.

+At least 15% of energy supply from renewable
energy.

+20% reduction in energy demand compared to BAU.
+*600persons/ hectare density for Residential land.
+100% waste collection and classification and
reduce domestic waste generation to 0.8kg/p/day.
+70% of domestic waste to be recycled and reused
«Construction materials recycled and use of local
materials.

+Domestic water use per resident to be less than 110
litres/ day

+100% of buildings to have rainwater collection
facilities and stormwater detention facilities in public
areas.

+80% of water use from non-conventional/ recycled
means.

Towards an Eco Age - Lessons Learnt
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Changxing

Sustainable Development
Indicators

Domestic Water
use to be less tha

110 litres,

person/ day

Reduce domestic 100% of
Waste generation M residents within

w0 0.8kg 400m of public

Iperson/day transport stop

Atleast 15% of Atleast 15%0 of
energy supply residential

from renewable [ developmentfor
energy social housing

Towards an Eco Age - Lessons Learnt

Changxing

Setting Targets &
Benchmarking

Renewable | 20% % 109 by 2010 LEED ND — GCT Credit 13: Desig
Energy 169 by 2020 L ]

area can be higher

Note: Ratio of renewable energy use in the model

Up o 4% by 2010

Energy Development and Conservation Plan for the
i Five-xear Piant Porigtroleassd by ihe Beljing Muncipal
Development and Reform Commission on December 11, 2006)

Sour

10% o

(COrineciimlulyE v ysarlanl ool oo
ial Development of The People’s

Republic of China—released by the Contral

Government of China on March 16, 2(

16% by 2020 (Mid-to-Lor

lan for Renewable Ener

Toved inprinciple by the state Counl
Executive Meeting)

Term Development

shared
technologies such as solar, i
hydroslectri, snd biomass with be

capacity of at least 5% of the projer

load or of the project’s annual elec
consumption

European Union 126 of total EU
from renewable energy by

South Australia, Australia - Soo 0
renewable by

Tolyo, :-p.n 20% of energy pros
by 20

More than 10% of total in

buildings will be renewable energy ("GB/T
005 Green Bullding Evalustion

Standards"—released by the Mini

Construction of The People’s Republic of China

O March 7. 2006, effective June 1, 2008)

10% of totalenergy consumption in sub-disrits
Gl gy (Y Cormmeien
Poi echnical Guldellms for Green Eco-
Reslﬂen(lal Sub-Districts"—released
sty of Gonstruction of The People’s Republic
o Gl o Shay 30083

BEDZED UK - 100¢
on-site Biofuel and PV.
Western Harbour-City of
Tom renewbie eneroy inctacing 4

Emission dioxide emi
Note: Carbon

Consumption | 150L /person/day

indicator for the model area can be higher

reduction refative o Beijing data at year-end

Carbon Reduce a minimurm of 50% of yearly carbon No specific indicators

Reference:

International wet

British BP China website:

185-300L /person/day

€02 emission per unit o electriity in Chins 0.785kg (Conservation
i oon eooervation.org cn/cn/co2.asp)
hitp://www.bp.com/sectiongenericarticle.do?c.
ategoryld=9011336&contentld=7025421

[ 0.0kg Cozunitof eieciricity |
enenetie eneon ot coztnior ecrian

‘China does not commit to quantified emission
reduction indicators.

240L/person/day

LEED ND - GCT Credit 12: For {
system, the total CO2 emissions sh
national average of CO2 emissions

Ottawa, Canada — 20% reduction o

levels.
Lund, Sweden - 75% reduction of

SR 6096 reduction of CO2 emiss
BEDZED development, UK — carb

Munkesoegaard Eco-Village, Cope
‘emission is 60% less than the Dani:

LEED ND - GCT Credit 3: Reduct
stratagles that In agoregste use 209
e baseline.

urce: Source: Singapore - target <1551/p/day and
185-300L /person/day by 2020 (“Beijing City Master Plan (2004- ) oD U GG Queensland, Australia - Reduce de/
2ou5 - Housenold water usage 2020)") n pe 2010: 240L 10 84% to 1651/p /day
“Beljing City Water Resource E amtine of Nattonst Vitter Plan

Towards an Eco Age - Lessons Learnt
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Changxing

Performance Assessment
Tools

* Integrated Resource
Management (IRM) Model;

* Eco-Footprint;

*G.LS;

» Computation Fluid Dynamics

(CFD) Micro-climate Modelling

Towards an Eco Age - Lessons Learnt

Changxing

Statutory Guidelines and
Plans

Towards an Eco Age - Lessons Learnt
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Changxing
Implementation Process

Primary: Secondary :

Land Site Development
Development

Green Performance Specifications

Planning / Design Standards 1) Water Resources; 2) Energy; 3) Waste Management 4
N Environment
Conventional Eco-city District. ||
onventional co-city District- : . . .
Utilities / Site wide ; Regulatory Plan Site/ gﬂ;:jd;:;gezes'g"
Formation infrastructure
Urban / site design Technical
guidelines Assessment/
: Feasibility /Cost

Towards an Eco Age - Lessons Learnt : A RU P

Economic Model

Cost/ Benefit
Redistribution
Government Primary: Land Secopdary : Users
Developer Builder
* Reduced need on « Incremental + Incremental * Reduced fees
infrastructure investment on ‘eco’ investment on ‘eco’ payable on utilities
investment infrastructure for infrastructure for and services to
district buildings Government
Financial
subsidy
*Incremental
management / Finance operation and pay
operation cost back investment
L LT L L L L L L L L

Towards an Eco Age - Lessons Learnt A RU p




Towards an Age - Lessons Learnt

China’s growth target - Quadmpling
per capita GDP by 2020.

1 billion people wiive .

urban centres by 2030.

40 billion M2 ot foor space ™ ~-1-

will be built - in five million buildings

| Climate Change and
| Natural Resource
Consumption

Towards an Age - Lessons Learnt
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+ Replicable » Market- driven/ support

Not only meeting local domestic Must be resilient and economically
demand or requirements but . viable with or without government
benchmarks well against ' incentives/ support

international best practices

~+ Scalable '+ Enforceable
‘ Consider the functional & Must have the clear implementation
implementation scale from ~ framework for the developer & different
masterplans to primaryland ~© government departments to successfully
development and secondary sitt¢. - implement and enforce the various ‘
development & building levels. ~ sustainable elements of the plan.
fowards an Eco Age - Lessons Leant S A RU P o

As professionals and stakeholders in
creating the built environment we
have to:

+ Go beyond Business as Usual

* Need to do things faster and better.

+ Design communities with a new
lifestyle — lifestyles changes which
seem unattractive today (oversized
cars, status based consumption,
disposables, less meat etc.) — are
not necessities or in most cases
what makes people happy.

Towards an Age - Lessons Learnt A RU p




Towards an

Age - Lessons Learnt

! Start of a journey — long and arduous one

Promising Change — amongst governments,
professionals and general public.

New political climate
— Host of new green legislations

— Commitments by EU to reduce emissions
to 20 % below 1990 level by 2020 and up
to 30% if other industrialised nations join
them.

— By end of 2008, 29 states in the US have
adopted climate plans.

— National Climate Change Strategy, BCA
Green Mark Scheme and Sustainable
Singapore Blueprint 2009.

— Malaysia — Green Technology Policy,
Green Building Index.

" nonetheless, but challenges we must all risefs=

ARUP

Towards an

Age - Lessons Learnt

ARUP

60



Towards an

Age - Lessons Learnt

ARUP

Towards an

Age - Lessons Learnt

61



v ' -
Towards an Eco Age - Lessons Learnt A RU P

= -
" . hlh-h. '."

==

-

- =1

o

L]
e

¥ i | o . .
. g £
Towards an Eco Age - Lessons Learnt A RU p

62



Which future?

T = -
e ——
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Towards an Eco Age - Lessons Learnt

yong-wei.chan@arup.com

www.arup.com
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