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1. Background

Sea levels Increase

Te m pe rature R ISE Global Average Sea Level Change

(Relative to 1880)

Temperature change in the last 50 years
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1 * The sea levels are currently rising at 3.4mm per
09 -0.4 +0.4 +09 +18 +36 +7.2°F year, and most models forecast a global sea-level

rise 0.5-1.4 m by 2100

The global average temperature has increased by
1.1 C since Industrialization, and will continue to

increase at a rapid rate.

= Threat to humanity if >1.5C




Temperature in Hong Kong July 2022
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Situation in Europe July 2022

@.\Ni!dﬁres rage ianpain,-F nee and Portugal as heatwave sweeps across Europe
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Devastating wildfires have
swept across Spain,
Portugal and France

MORE VIDEOS




National Policy 14-5 Plan
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China Dialogue

China’s big climate goals
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By 2025 By 2030 By 2060

Lower carbon intensity Peak carbon Carbon neutrality

The Five Year Plan’s
climate-related targets for 2025
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Reduce carbon Reduce energy Increase forest Increase share of
intensity by 18% intensity by 13.5% coverage to 24.1% non-fossil sources
from 2020 levels from 2020 levels in the energy mix

to around 20%
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Background
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*» The 2020 Policy Address announced that Hong Kong would strive to achieve carbon
neutrality before 2050. HK is moving towards the 2030 target of reducing carbon intensity
by 65% to 70% compared to 2005 based on Hong Kong’s Climate Action Plan 2030+.

Government Strategies

Cleaner
production
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management
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Green finance
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Waste Reduction

Waste accounted for about 7% of total carbon emissions in
2019, Developing waste-to-energy facilities and promating
waste reduction and recycling will enable us to move away
from reliance on landfills for municipal waste disposal

Waste Blueprint for Hong Kong 2035
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Municipal Regulation of Waste-

Solid Waste Disposable to-

Charging Plastic Tableware energy
L, R RS
Prepare for Regulate Develop adequate
implementation of disposable plastic waste-to-energy
waste charging, tableware, atc. In facilities, move
encourage waste phases, reduce away from reliance
reduction and plastic at source on landfils for
recycling, and miunicipal waste
strengthen community disposal

facilities and suppaort
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HK Government Policy
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New HK Government initiatives

Set up an Office of Climate Change and Carbon Neutrality to co-ordinate
actions under the “Hong Kong'’s Climate Action Plan 2050”

Make preparations to implement municipal solid waste charging effectively

Introduce a new producer responsibility scheme on plastic beverage
containers and regulate disposable plastic tableware

Legco greenlights bill to tax glass bottle makers
3 Nov 2022
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Vision of RCRE

Establish HK PolyU as a forefront global research institution in
solid waste recycling issues.

Support the Hong Kong Government’s policy in achieving
carbon neutrality in 2050 and minimizing waste required to be
disposed of at landfills.

Support the Hong Kong and Central Governments initiatives in
promoting Hong Kong and the Greater Bay Area as models of
Resources Engineering towards Circular Economy.
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Research Directions

* Policy and social perspective studies;

* Environmental and financial impact studies;

* Waste valorization technology studies :

Biological waste — food waste, wood waste and algae

Valued added materials derived from construction and demolition waste via CO,
sequestration

Rubberized asphalt
Waste incineration residues

Other wastes with strategic importance for HK and the mainland (e.g. waste glass and
mining waste).
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Research at PolyU RCRE in Turning Wastes to ECO

Products

C&D Waste
o

VEGA3 TESCAN|

WD: 10.05 mm L 11

SEM MAG: 5.00 kx Det: SE

SEM HV: 20.0 kv

Performance in nanospace

Pure CO, gas

Pellets
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Carbon Emissions by Sector

Global CO, Emissions by Sector

Other
6%
Building
Operations
Transportation 28%
23%

Building
Materials &
Construction
11%

Industrv (Core and Shell)
32%

https://www.serverfarmllc.com/sustainability/modernization-vs-new-build-data-centers/
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Material Flow of Demolition of Concrete Structures
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Demolition
Industrial reuse
CRCA, FRCA, and RFA
. Categories of RCA
Sorting
[A
ﬂl = @@
Disposal at landfills

CRCA-coarse recycled aggregate
FRCA- fine recycled aggregate
RFA- recycled fine powder
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Nano-silica calcium carbonate

Recycled fines

Carbonated RCA

dm

« Different accelerated carbonation strategies were designed for different sizes of waste

BJ Zhan, DX Xuan, CS Poon, KL Scrivener, Cement and Concrete Research, 2021, 144, 106448
— PR R B EL G SRR — St iR %, Chinese Patent 2021030235109.
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Carbonation of recycled aggregates to produce nano construction materials

C-5-H+CO, - CaCO,+ SiO,
Ca(OH),+CO, - CaCO,

Construction and Demolition Waste Recycled Concrete Fine Greenhouse Gas Nano-Silica Nano-Calcium Carbonate Fiber

— AR B B SR T AR SIS K — SR %, Chinese Patent 2021030235109.

Shen Peiliang, Jian-xin Lu, Poon C. S. (2021). Cement and Concrete Research, 106526;

Multi-scale investigation on mechanical behavior and microstructural alteration of CSH in carbonated Alite paste

BJ Zhan, DX Xuan, CS Poon, KL Scrivener, Cement and Concrete Research, 2021, 144, 106448,

Characterization of interfacial transition zone in concrete prepared with carbonated modeled recycled concrete aggregates, B/ Zhan, DX Xuan, CS Poon, KL Scrivener, Cement and

Concrete Research, 2020, 136, 106175
Mechanism for rapid hardening of cement pastes under coupled CO2-water curing regime, BJ Zhan, DX Xuan, CS Poon, CJ Shi, Cement and Concrete Composites, 2019, 97,178-88
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Supplementary Cementitious Materials in Concrete

[ crueant PuRROSE
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| CEMINT  mmm)  High environmental impacts/CO, emission

25 KG

Granulated blast furnace slag Silica fume
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55% GGBS 30% PFA

115kg CO2/ton
115kg CO2/ton E: ‘
60kg CO2/ton 85kg CO2/ton
Qb 17
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LCA of Supplementary Cementitious Materials

SCMs are waste or by-products?

. . . System boundary System boundary System boundary
Accordlng to Directive Of the EurOpean of electricity production of cement production of steel production
Union, a substance or object can be

Coal fired Cement [ron
regarded as a co-product or by-product — ket A
(rather than waste), if it fulfills the & : ¢
. .. ypsum
following conditions: [ e | odetion
. . Blesic | Fly ash GBFS 1
1. It further use is certain, ok | iy l il [P0
. . I |
2. It can be used directly without any | :L — Grindng, | <— Iz:aslﬁlmace i !
. i Y as s slag treatment
further processing other than Electricity 1| ireamens  [—>-|__™iing : Steel
. . o I I
normal industrial practices, Sg——— — l l, !
| |
. . -7 - - (&0)] -
3. Itis produced as an integrated -*1.-??!-..' > Coment < 1.-..r1...1*?
production process, and + * +
4, |t w-|II not lead to adverse o0, €O, Quots 0, Quot
environmental or human health for energy industry for cement industry for steel industry
impacts i t i
o Co
(EU D”'eQCtlve 2008) 2 European Union Emission Trading Scheme
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LCA of Supplementary Cementitious Materials

According to ISO, when a production system produces more than
one product, it is necessary to attribute an environmental burden to
each product.

As GGBS and PFA met the above criteria, they should NOT be
considered as waste!!!!

THUS, the environmental impacts (e.g., CO, emission) of such

materials SHOULD follow the proper LCA methodology (ISO, 2006),
rather than so-called “WASTE”
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LCA of Supplementary Cementitious Materials

According to ISO 14044 Int J Life Cycle Assess (2013) 18:113-126 i
environmental impact of —

economic allocation
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GGBS, PFA and GP Concrete for HK

[ co.

500 -

13%
6%
300 -
19%
200 - 25
100 -
0

OPC concrete OPC-GGBS (30%)  OPC-PFA (25%) OPC-GP (25%)  OPC-GGBS (50%)
concrete concrete concrete

GHG emission (kg CO, eq)
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Decarbonisation using waste glass

% Cement is one of the largest sources of building material-related CO, emissions.
Globally, total cement production is responsible for around 8% CO, emissions.

High CO, embodied energy

v

CEMENT WATER AGGREGATE  SCMs (e.g PFA)

e
e
o TS

O oo Q

High CO, emissions of cement production Concrete production @ @

Development of low-carbon local
alternatives for cement & aggregates & PFA

Green buildings, Green HK m

% The reuse of waste glass can reduce embodied
carbon of construction materials and produce high
performance low-carbon construction products.

Substitutions of cement & aggregates for production of
construction materials

22
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Decarbonlsatlon usmg waste glass

No Coal for Electricity Generation

iy Cease using coal for daily electricity

182, Others generation, to be replaced by low to
Transporl Sl Zero-carbon energy

==

Hong Kong Carbon Emission Sources @ 2019

[l 1

Electricity saving in Seeking alternative
making cement pozzolanic materials

CO, emissions

Opening Minds « Shaping the Future « Bis 2 # - R £ 8



Valorization of Waste Glass in Low Carbon Cement

HK waste glass Glass powder Cement

T
e oY 8,
: T

Ordinary Portland Cement

Clinker =r Limestone s+ Gypsum
~90% ~5% ~5%

V

Waste glass powder (20~30%)

Replace Fly Ash

Opening Minds * Shaping the Future « Bl B8 - /gl 3
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Advantages of low Carbon cement

Hydration heat of cement

400

300

100 -

| ——GP10
{ ——GP20
1——GP30
{——GP

Ref.

Hydration promotion

80
Time (h)

20 40 60

100 120 140 160 180

Hydration heat rate of paste

0.0125
] Ref.
] ——GP10
' L
0.0100] ——GP20 , ,; ower temperature
| ——GP30
] ——GP40
0.0075 - 0002
2
0.0050 - ™ 0.001
0.0025 - 0000 )
Zm Time (h)
0.0000 ] . —_—
0 20 40 60 80 100 120 140 160 180
Time (h)

v" The use of GP promoted the cement hydration and the low

J.X. Lu, C.S. Poon, Construction and Building Materials 131 (2017) 793—-799.

carbon glass cement had lower heat peak than pure cement.

25
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Advantages of low carbon cement

“» The waste glass powder will be used as a partial replacement of cement, with a view to

reducing the consumption of cement, cost and CO, emission.

Compressive strength Flexural strength

80 14—
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White cement White cement White cement White cement White cement White cement
+ + + + + +
Glass cullet Glass cullet Glass cullet Glass cullet GIasE cullet Glass cullet
+
Glass powder Fly ash Glass powder Fly ash

v Low carbon glass cement had similar strength to pure cement
and fly ash cement.

26
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Advantages of low carbon cement

Alkali-Silica-Reaction Fire resistance
50

o
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1 —=— White cement + Glass cullet SN 800 C 43.4%

—«— White cement + Glass cullet + Glass powder
1 —»— White cement + Glass cullet + Fly ash

o
-4
1
N
o
oo
X

40 -

©
(o]
1

o
o
1 1 L

30

o
w
L

20 H

Rate of expansion (%)
o
N
1

o
[N
| N

| standard limit of 0.1%

negligible

10

©
1
Ratio of residual compressive strength (%)

b —
: ¥ 1 . 1 O T
14 21 28 White cement White cement White_'f:ement
. + +
Time (days) Glass cullet Glass cullet Glass cullet

+ +
Glass powder Fly ash

7))
_

©
o
L

o
~ -

v Low carbon glass cement had good durability in terms of
ASR and fire resistance.

2
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J.X. Ly, C.S. Poon, Materials and Design 135 (2017) 102—-111. / Opening Minds + Shaping the Future » Rlif 8. - i3 %
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Advantages of low Carbon cement

Compared to other pozzolanic materials

Strength Acid resistance
14
L | Compressive strength  m  Flexural strength 8
90 61
—12
=80+ .
= 107 = 2]
270- T g,
£ s 2 o |
560 - - --|, 2 S--
g o @
» 50 1 S G-4-
2 o B B4
géo1— g &
o =] -8 -
530 4 L4 O
g [T 10 1
©20- 12 -
2
10 -14 4
-16
0 T — T — 1 — 1 — T — T — T 0 o 1 2 3 4 5 6 7 8 9
CON GP20 GP50 FA20 FA50 BS20 BS50 MK5 MK15 Age (weeks)

GP PFA Slag Metakaolin

v Waste glass powder led to comparable strength with other
pozzolanic materials. 28

J.X. Lu, C.S. Poon, Construction and Building Materials 153 (2017) 975-985. / Opening Minds « Shaping the Future » Rl £ - M3 %
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Advantages of low Carbon cement

Compared to other pozzolanic materials

Drying shrinkage

—<4— MK5

0 | | | | |

120

[ . .

100

RSI

Fire resistance

80 +

60

40 -

20 -+

1300 C ZZZ1600 'C BS%23800 C |

NN
N
N}

i

NN

0O 10 20 30 40 50 60 70
Age (days)

T
80

T
90

I I |
CON GP20 FA20 BS20 MK15

v Low carbon glass cement had comparable durability with
other pozzolanic materials cement

29
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Advantages of low carbon cement

“* Chloride penetration resistance of GP-RAC (GP + recycled concrete aggregates)

60

[a—
W

18.3% B
- 28d

34.5%

90d

36.3% 39.6%

I 28 d

37.3%

6% 239.0% 42.3%

—
S
|

Compressive strength (MPa)
()]

—
O
1

S
l

0 -

Rapid chloride migration coefficient (x 10712 m%/s)

S- & \0 q/Q N N\
£ qcf 0\ 010 o010 N R
Mechanical strength Permeability

 The compressive strength of GP-RAC achieved a significant increase at late age.

O The chloride penetration resistance was largely improved by using GP.

A/ B=5 . 6 ) W/ B=O 5 Opening Minds + Shaping the Future « B3 # - 54 R
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Advantages of low carbon cement

< Benefit of GP for steel corrosion prevention

0.0 120

—o— NAC-Ref. ] :
> 90 % probability of no corrosion -0.14V, vs SCE o RAC-Ref ] - Concrete resistance
) 100 4 I Polarization resistance

0.14 o PP P ~ 4 RAC-GP10 ] | [CPE, | [CPE, | | CPE,
€33 0E M\ gl &1 v RAC-GP20 34—'—‘—1 m
' — RAC-GP30 _ R,
—<— RAC-GP40

-

e}
e
L

-0.2 1
Uncertain corrosion activity

] Initiation of steel corrosion
-0.3 1 -0.29\V, vs SCE

Resistance (kQ-cm?)
5
S ()
P 1

-0.41 > 90 % probability of active corrosion

Open circuit potential (V, vs SCE)

20 1

o5+ e 5. <.
ReH A RC
0 50 100 150 200 250 300 \{P&C @C

Exposure duration (d)

0 @0 @0 @

Open circuit potential Polarization resistance

O The use of GP increased open circuit potential and polarization resistance, indicating the
lower corrosion probability of concrete.

O The higher volume of GP led to a lower corrosion probability even though the
compressive strength was lower.
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“Cleaner production with waste glass

Dry-mixed glass concrete

2000 » 2005 » 2007 » 2020

o

borgnu'o,:.bo
| B T S e
4 )

’

Sponge City

1) T.C. Ling et al., Resources, Conservation and Recycling, 2013
2) P. Shen et al., Cement and Concrete Composites, 2020
3)Patent: ffiiESE - BHIES - BE4E. EHRELSTHEERENRE L RESESAMEEE, 202110723100.7
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Low carbon glass cement products

Sustainable Permeable Concrete for Urban Drainage

2r 2z I I
VELLLL)
Py o) ;
R T T R R o oSy TO, s (37562
3 - » 2 . - 8. {
4 “

................ —e— Soray TIO: in waler glass (3.75pim2)
#— Wt mixing with 6% Ti0:; of cement
Dry mixing with 8% Ti0: of cement

EREKRE B #KE

Hong Kong Green Innovations Awards

> 30% reduction

/ Waste glass

10 20 30 40
S S Time (min)
i 2.High-performance '} Ty TTTTTTTTTTTTTTTTTITITTTTTTTTTTTTTTTTTTmmmmmmmmmmmmmmmmmeeee :
i permeable sub-base
I =/~
O OO g
: 4%(‘ B
i ) _ .~ Pores S
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| (D Micro-sized cement |
i i ® Glass powder 7
i i j Micro-fibers ,,/’
i i Recycled aggregate o
E i » Waste glass cullet e

-
-
-

» Recycled concrete aggregates

-
-
-

-

-
———— o
o o e e o o
i

2) P. Shen, J.X. Lu, C. S. Poon, et al., Cement and Concrete Composites, 2020 ) _
3) P. Shen, J.X. Lu, C. S. Poon, et al., Construction and Building Materials, 2021 pening Minds « Shaping the Future « Biif 2 - fiE R 3
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Past: CIC 2015 Innovation Award

Carbon Neutral Construction Products Manufactured with
Cement and Concrete Wastes

CONSTRUCTION INDUSTRY COUNCIL
BEx# S

+m CIC
INNOVATION
ALWARD
REXASAINE

Sustainable innovation drives transformation

B E B8 7 ¥ #8 8 @

The Hong Kong Polytechnic University

and Gammon Construction Ltd.
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Low carbon glass cement products
Architectural Product for Anti-virus (anti-COVID19)

Coating of antiviral
agents

Cleaning with Antiviral
Benefits disinfection Architectural

agents Products

Chances of

contamination High Low
to cleaner

Sustainabilit No Eco-friendl
1) J.X. Lu, C. S. Poon, et al., Cement and Concrete Composites, 2020 : . y
2) J.X. Lu, C. S. Poon, et al., Cement and Concrete Composites, 2018 Maintenance Hich Low
3) J.X. Lu, C. S. Poon, et al., Materials and Design, 2017 effort g

v Glass-based Architectural Tile: Anti-COVID19, Attractive appearance, Cost-effective, High-quality.
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Building Products & Technologies Category EHEERREHER

Maximize the use of waste glass in cement-based construction materials

BEHBEREM B PR XERILH BRE
Low carbon glass cement products
SBFRBINAL

Hong Kong Green Innovations Awards 2020
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Low carbon glass cement products
Low Carbon Lightweight Concrete for MiC

Waste glass beverage containers

Lightweight Low carbon MiC buildings
concrete 2 K

A

Sintering
process
Foam glass /,

§ Crushing f

THE HONG KONG
Q' POLYTECHNIC UNIVERSITY
e TR S

HK Innovation and Technology Council support thissgesearch
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Strategies for producing HSLWC
One-Stop Solution Addition of

6 fibers

Inferior
durability

Lightweight
concrete with
porous materials

High-strength
lightweight aggregates

Good quality
binder matrix

Opening Minds * Shaping the Future » Bl B 4 - St A& &K
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UHP- LWC I\/I|x deS|gn and Performance
, ~ L e AP |

Dl-_r'\rr\mq QF
v EN\ IRONMF..NTA L ENGINEERING

1: Dense interface
“of paste and LWA
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Effective CCD method O O Lightweight UHPC

' >120 MPa, <1,950 kg/m?

Good Very low autogenous
thermal insulation ) UHP-LWC == () and drying shrinkages

4N

Improved

. Mechanism of excellent
sound absorption

performance
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