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Background on sustainability
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Concrete & environmental issues
a o) —hEIRERIRE

Evaluating environmental impact
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Towards sustainable concrete
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Environmental benefits of concrete
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SUSTAINABILITY
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“meets the needs of the present without
compromising the ability of future generations
to meet their own needs.”
FFERERD=Z—XFIELGSIELL,
IED=——XFim=9 &

United Nations, 1987

Sustainability remains difficult to apply practically as it has
not been concretely defined
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Change in definition over time

ERIEEFFRICE>TEIEL TS

Development which allows ecosystem and
biodiversity to be sustained

ERREEMERMEZTRT OFRFE

Changed the focus to development
FFEDITO>MNFILELGEST-

View that sustainability is the integration of
environment, social, and economic areas

RIE-A2-BFO EEIDAA—



Sustainability is viewed as the integration of and
development with protection
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Environment IR1x (from the United Nations)

Resources & eco-system
BiREERR

Atmosphere, land, seas, coastal areas, fresh water, biodiversity, etc.

IR EL.BE. BF. XK EVEHKE. GE

RRPIRIERRRE

Scripps Institution of Oceanography b

380 [ NOAA Earth System Research Laboratory

- Tans, 2009
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(from the United Nations) Society ¥t =

Quality of life, health, and social equity
EEDE, BEREMAEHAIE

Equity, health, education, housing, security, population, etc.
*%%Fl:ﬁ%s ﬁi%ﬁ:ﬁﬁs %&iﬁ:s 1I'%s 5‘|l:_|\§s AI:I N fd:E
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Society & institution 518 L HIE (from the United Nations)

Employment & shareholder equity
ERLECER
Economic structure, consumption & production patterns, etc.

aEe., HERUVEEDKRI, GE

Public policies & management practice
DHBEEEH

Institutional framework, institutional capacity, etc.

HlERIEE ., BURAEN . HE

10



11

Top-down approach
M TR -FTTO—F
Use #I/H | Experts, politicians, etc.
i HRMR. BUAR.GE
Interpretation &R |

Analysis

LV NN

SI1 SI2 4 SI3 Si4

D R A

System L RT L Bottom-up approach
— RELTYT-7TA—F

(Bell & Morse, 2008) Stakeholders
MERRE




United Nations sustainability indicator framework

EIFRE & D FFfse Al R T R 1F D 22 7+

CONCEPT
a7k
Dimension Theme Sub-theme Indicator
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ENVIRONMENTAL ISSUES



Economy
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Current situation
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CO, emissions and global warming

Cement
Other sectors ~1.5 Gt CO2

14%

Manufacturing 40%%*4

excl. cement

17%

Calcination l 50%3E Rk, I

\\ Electricity &
\___transport, 10%

10%E R . EE

30Gt CO2

Gt = gigatonnes concretethinker.comc£Y/

Cement used in concrete is responsible for
roughly 5% of global CO, emissions
HEDCO2HHEDKIS%IE, RILMSUREAVRDEEIZHEL TS



Concrete production consumes:
s More than 11 billions tons of sand, gravel and crushed rock per year
¢ Over 1 trillion liters of water

a9 ) —kORLETIL:
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Worldwide generation of concrete and masonry rubble from
construction demolition is estimated to exceed one billion tons

HAPTEYMOEAENCELDHIV V) —FOHBEADEEYIL,
10fBrZBASERBLONTLNS

Construction waste 5 2
=/1 8
{ 96%

Concrete i recycling rate
aryl)—k YY1 2/LEIE
41%

35 2000 £
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ENVIRONMENTAL IMPACT
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Evaluating environmental impact

R B sl &L

To measure the extent of the impact on the environment
caused by concrete materials, construction, and structures

AV )M EL BERENREBICRIEITAFZASIE




Life cycle assessment is a technique for evaluating the environmental
Impact of a product over its life cycle

TATHADINTERAAVREF HEARBNEESNTHS
BREINDSETORIC. RIBEICEZASEELCEMEMI S

Cradle Gate Service life Grave Cradle
| | | |
| | | |
BEMFAF HEHRE H_EXS547 25 [EMBEAF
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Concept of LCA

FGATH AT EAA DA LT

Environmental management system international standards

IREBEV A AN AT LIZET 5EERE

Goal & scope definition

BB IUVHEEEDEE
Inventory analysis — Interpretation
ARV =53 FEIR

:

Impact assessment . g—p-
= Bl
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Green building evaluation systems
EERERESMHRETM AT L) —ELT AT B AT L)

Recommendation of environmental performance verification for
concrete structures (Draft)

DAV ) - MEEYMDIIREHEREES GIE)

Environmental management for concrete and concrete structures
V) —bELVAV Y —MEEYDIRIET R DAL
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SUSTAINABLE CONCRETE
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Ol TV [os Conserve raw materials by recycling waste materials

RF REYBERETFEICETRAZERDFEHEINH]

BISIEVe]lI[3VA Improve durability of concrete to reduce maintenance

(/NI B o T -HDaV ) ) — it AED M £

Holistic Adopt holistic approach in technology and education
wa RifIEHABICRENGRAZTIRYANDS

Mehta, 1999



Conservation

R7F

Reduce consumption of natural resources by utilizing waste and recycled materials

BREDLCIVFAVILHMHOFRICELRAERDER =N

Fine aggregates
HEM

Coarse aggregates
*H

Reduce cement consumption to limit CO, emissions
EAVMEREDOHIHIICKSHCO2HHE DR D

Cement
AR

Fly ash, blast
furnace slag, etc.
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Durability

i A 1%

Enhance concrete durability to
reduce maintenance costs
HIFEEEZERET H=6HD
aV9)—kom AR L

= i A TE

isdi

| geee

isdi



Holistic

0 A
e =

Society #t&

Concrete industry

Concrete Society’s
industry’s needs <
» needs
aAV)—RER

a9 —rER .
/0):—;(“ *i'%O):—Z

Example Fast construction < Crack-free concrete
BHRHOGWIVY)—F

15 BREMET S

It's necessary to apply multi-disciplinary research to solve the complex
problems of today’s society

SHOHRRICHHEMIEREERERT D
EOICEIRRGTFEORREEITOTULKBLENHD
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Need to understand construction and maintenance in the context of social,
economic, environmental, and institutional conditions

AR BE. IREEZLTHEZEFTA TRYILDEEFINTHET A, BHE.
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Concrete technology
Il —RE T

t r ﬁ—-g;

] “SOft”
y <| research
| YV IRDEFFE




ENVIRONMENTAL BENEFITS
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Resource efficiency

- e
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Natural resources

KRG Construction & demolition
— L -BRY &L
Conserve

Concrete-making materials Waste & recycled materials

U —RERT S0 BEWOUH A LA

u Reduce
EIJ,J&

Industrial ecology Disposal
EXELEFE %\Pté
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High volume fly ash concrete Conservation of cement
22247 vaar9")—k A DRF

Cement Fly ash By-product of coal combustion
S B s | e
K T 7 ERF DENEY
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High volume fly ash concrete Conservation of cement
22247 vaar9")—k A DRF

500

CO, #EtH & (kg CO2/md)

Almost 50%

% reduction!
#950%Hll & !

Additional value
s Improved durability
+* Reuse industrial waste

SoUBMEEL/=5T
it A
EXORENEBLETS
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Conservation of aggregates

BH DEF

a9 )—kiE&E Concrete structure

¥

f2IKEZEY) Demolition waste

b

B4 E#HM Recycled aggregate
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CO2 = (kg-CO2/ton)
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Recycled aggregate concrete

BEEMaVI)—k

.

BEEH
17.7

SUUH 5

BEEM [ ]

HMEM | MEM | UL

Residual mortar attached to
aggregate
BMIZFLTOSEILZIL
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Conservation of aggregates  aCIaYs o RETolo](SIoE 1N olo]glei(=1 (=
BH DR BAEEMI9)—F

Using recycled aggregates...

L=
BLEHEREHATDE.
Reduces strength... ...but also reduces raw materials!
BENTHSD RKAREBEREEGLTHS
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How to balance these criteria?
ES5OoT/INS U RFEB?
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Rubberized concrete

OLFYTRBRAAD—k

Rubber crumbs Recycled from waste tires
JLFVvT BEYIL Y510 /LL =

JKEX R - 30
TLFyTEE

230
U
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Prevent explosive failure
20— DIRHEDHSFEE
COEHTES

35



Rubberized concrete

3 LFYTRAAVY)—k

O%ITLFvT

JE#E5R B (N/mm?)

Conservation of aggregate

BH DEF

Large
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reduction in workability
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Also reduction in
strength
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Longevity & durability

RFEMA L
MEAERE 0000
\
E = it AT
i=dis

Durable concrete materials can extend
service life and ensure safety
=S AENHLSII D) —RE,
HY—ERSAITEERINSL. REEZTND
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Self-compacting concrete
B2 FxEIVI—k

High workability and flowability
0 —RE D TTE -
T—HE) F—FHFD

Enhanced durability
A £ AL

SHERERLY

Improve durability and quality

WA 1t EZ A LTS
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Enhanced durability Self-healing concrete
AR L BBV 9)—k

Closing of crack by
self-healing in water
KEDN1SEETT—F
PWESQUEINEZES

S -

T (d)33days
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Permeability functions

Efficient use of land and water
by utilizing permeability
ZIKIEAIZLY, Lok F
B FIHT S




Porous concrete

R—SRaH)—k

Porous concrete reduces the amount of fine aggregates
BAEDIT—FNLEWMEH ZEF 1= L=

w5 \ \&
BARHF T LY \ s LB

Support plant growth
HEHPDEBOMENDEERMNATEEIC

Drainage and noise reduction RSN
HoKMSLWMEESSHEICFIASIS
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Heat storage

Reduce urban heat island
effects
E—FTASRBERDEEZ
=1p )




Concrete Sustainability Initiative o£4/

e Sustainability Initiative £4/

Aesthetics = ——
EZHETE

Sound absorbing

Concrete Sustainability

Initiative 44/ 4 | W_é: ',‘/Ln _é:
: Fire protection CO, absorption
A CO, 44x
More!

HDEH D
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Need to consider environmental
Issues over the life cycle of concrete!

FA7HAIINICEITHIRERRE - B
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Demolition M kel
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Life cycle Concrete
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Construction
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