
The Future of Green Concrete Revolution





According to World Bank:
2.24 billion tonnes of solid waste in 2020

According to Journal of Science, NATURE:
30 billion tonnes of Concrete is used each year.

How to recycle waste in Concrete?

The answer is 

NOW IS THE RIGHT TIME



The picture can’t be displayed.

Industrial & Consumer Wastes

Ceramic & Porcelain

Roof Tiles

Glass Waste

Red Bricks 
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Demolition Waste

Coal Bottom Ash Marine Clay

Bauxite Waste
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We acquired state of the art technology from overseas experts and higher learning 
institutions to identify, calibrate and formulate lightweight green aggregates from 
various types of inorganic wastes. The equipment has also been tailor-made for 
these specific purposes.  

The Engineering of
Lightweight Green Aggregates
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Lightweight  Green AggregatesLightweight  Green Aggregates

www.joegreenpanel.com

Recycling Processing

Various Industrial Wastes
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Inhouse R&D
• Lightweight aggregate using various 

waste materials
• Lightweight concrete mix design and 

performance
• Water reducing agent – for cement 

and quarry fines
• Super absorbent - natural and 

synthetic 
• 3 in 1 Coating – skim, paint base 

coat and waterproofing
• Waterproofing Coating
• Wood plastic composite
• Wood LWA composite

TM
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Worldwide, Buildings 
Account for 40% of Global 
Energy Consumption and 33% 
of Greenhouse Gas Emission

JOE Green has a Plan to 
Decarbonise the Industry,  
With a focus of Sustainability

Lightweight Green Aggregate 
(LiGrA) is Made from 
Recycled Waste, Help to 
reduce CO2 Emissions, 
Resource use and 
Construction costs.

JOE Green is Continuously 
Developing other products, 
with the aim of Reducing 
Emissions, Manpower, 
Resource use and Energy 
Inefficiency.



ESG & CIRCULAR ECONOMY

Recyclable Industrial 
Wastes

Waste Glass crushing

Waste Glass Feeding

Factory Technology for 
Aggregates Production

Various Lightweight Green 
Aggregates (LiGrA)Precast 

Component/Ready Mix

Building 

Demolition Waste
Net-Zero

Bottled Glass

Reduce Carbon Footprint/Emission



Bauxite waste (Red Mud) & Coal Bottom Ash Lightweight Green Aggregates (LiGrA)

Dispose for Landfilled Lightweight Green Concrete

Raw material

LiGrA – Bauxite Residue & Coal Bottom Ash Solution 

Sustainability Solution with LiGrA:



Effectiveness of Sintering to Encapsulate Toxicity



Effectiveness of Sintering to Encapsulate Toxicity
Coal Bottom Ash Waste
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What is Lightweight Aggregate? What is Lightweight Concrete?
Lightweight aggregate (LWA) are granules or pellets of lightweight 
materials that have many applications.  They can either be mined 
from natural sources or manufactured using minerals or waste 
materials.  

Natural Lightweight Aggregate

Manufactured
Lightweight Aggregate

Lightweight Concrete is produced by replacing the heavy 
aggregates with lightweight aggregates

Density  =  2400 Kg/m3
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THE HISTORY OF CONCRETE - Milestones

1844 Portland Cement
1849 Reinforced Concrete

1929 Pre-stressed Concrete
1960 Fibre Reinforced Concrete
1980 Polycarboxylate Ether

1917 Lightweight Aggregate Concrete



Cement

Fine
Aggregate

Coarse
Aggregate

Water

Paste
~30%

Filler
~70%

Lower
Strength

Higher
Strength

Effect if Polycarboxylate Ether in Concrete

The reduction of water in
concrete increases strength but
reduces workability.

Polycarboxylate Ether helps to
reduce water in concrete
without reducing workability.



Concrete strength increases after 1980

The focus has been on strength.  
Now the direction has diverted 

to Density.

Historical Classification of Concrete
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LWC strength increases after 1980
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Launched in 1919, the USS SELMA was built with lightweight aggregate concrete of compressive strength 26.7 MPa. In
1980, when scientists conduct core test on the ship, the strength was found have increased to 55.2 MPa. This phenomenon
is unheard of for normal weight concrete.

Lightweight aggregates are most commonly used in
lightweight aggregate concrete. In comparison with
normal weight concrete, lightweight aggregate
concrete has been shown scientifically to exhibit
exceptional durability and higher performance
attributed to three factors:

1. Prolonged Internal Curing
2. Strong aggregate-cement paste interface
3. Modulus compatibility of aggregate and cement 

paste



Internal Curing and Strong Interface



Lightweight Concrete Structures



Standard’s Requirement of LWA



Why is Lightweight Concrete not commonly use?FACTORS CURRENT STATUS NEAR FUTURE

Supply
Europe

USA
Japan

Waste >> LWA
Regional Supplier Increase

Familiarity BS EN – 2004 / SS EN – 2008 (Eurocode 2)

Cost High shipping cost
Use of mined minerals

Regional Supplier – lower 
transportation cost

Use of waste – reduce cost

RC Self Weight Reduction 
1. Class 1.6 = 30% 
2. Class 1.8 = 22%

BS EN 1992 - Reduction Factor for Lightweight Concrete

CONCRETE MECHANICAL 
PROPERTIES

DENSITY CLASS
1.6 1.8

Compressive Strength 1 1

Tensile Strength 0.85 0.9

Shear Strength 0.71 0.75

Secant Modulus 0.56 0.71

Creep Coefficient 0.56 0.71



Correction Factors for Concrete Strength



CONCRETE WITH

LiGrA LWA NWA

Higher Durability EC EC X

Lighter Raw Material & Concrete EC EC X

Lighter Precast Component EC EC X

Larger Precast Component EC EC X

Longer Span Structures X X X

Lighter Building Weight EC EC X

Better Earthquake Resistance X X X

Higher Thermal Resistance OC OC X

Replace Natural Resources EC X X

Recycle Waste EC X X

Reduction in Carbon Emission

EC        Reduction in Embodied Carbon Emission
OC.      Reduction in Operational Carbon Emission









The high buoyancy required for the tension leg 
platform was provided the use of high strength 
lightweight concrete.



Application of Lightweight Concrete



Issues of HDPE Floating Solar Platform

SMALL PLATFORM



LiGrA for Solution – Floating Solar Green Concrete Platform

Performance HDPE LiGrA

Load Capacity

Stability

Contaminant to Water

Combustability

Durability



Other Applications of Lightweight Green Aggregates
Geotechnical Applications

Sewage Treatment Plant

Roof Insulations



Factor of Safety Normal Soil LWA

Overturning 2.8 6.2

Sliding 1.6 6.2

Bearing Capacity 2.6 6.3

Compare effect of using LW backfill on wall design 

Normal Soil LWA

Unit Weight 1900 kg/m3 950 kg/m3

Angle of Friction 30 deg 42 deg

Height of Wall 5m

RETAINING WALL APPLICATION



COMPARISON OF NWC AND LWC

NWC LWC

Concrete Price

Mechanical Properties

Thermal Resistance

Weight (lighter)
Durability

Carbon Footprint

Saving to Project Cost

Sustainability



Benefits of LWC vs NWC

Lighter & Larger Precast Component.  Longer 
Span à Construction cost & time saving

Lower building weight à Lesser foundation



Benefits of LWC vs NWC

Lightweight   à Saving in transportation cost Lower concrete weight     à

Higher Durability       à Longer life Span
 Lighter Building     à Better earthquake resistance

Lower aircon consumption &
lesser condensation problem

Lesser Reinforcement

Higher Thermal Resistance & à
Lower Specific Heat Capacity



Additional Benefits of LiGrA vs NWC

• Increase Sustainability

• Reduce Carbon Emission

• Solve Waste Disposal Problem

• Reduce Exploitation of Natural Minerals

• Saving in Cost

Recycle Waste – Increase Sustainability

Reduce Mining activities



Lightweight Green Aggregate For Green Building

BENEFITS in Comparison with NWC Reduction in Carbon 
Emission Saving in Cost

Recycle Waste
Reduce Exploitation of Virgin Materials
Higher Durability
Lighter Raw Material and Concrete
Lighter Precast Components
Larger Precast Components
Lesser Foundation
Longer Span
Lesser Reinforcement
Higher Earthquake Resistance
Higher Thermal Resistance
Lower Specific Heat Capacity
Reduce Condensation



Normal Weight Concrete Light Weight Conrete

30mm 40mm 46mm 60mm

4mm 5mm 6mm 8mm

Allowance limit, 189mm (H/200).  

Allowance limit, 76mm (H/500).  

Vol of LWC = 1107m3
Reduction in Load = 830 ton

CASE STUDY
Density Class 1.6
Comp Str = 40 MPa

SEISMIC LOADING

WIND LOADING

Overall Seismic 
Force Reduction 

about 10%.



Volume
m3

Cost SGD
NWA LWA

CEMENT 0.145

WATER 0.155

SAND 0.3

AGGREGATE 0.4 31.8 216

Estimated Construction Cost SGD
=  8,000 Sqft x 12 storey x SGD 350
=  33,600,000

Additional Cost SGD 
=  1107 x (216 – 31.8)  
=  203,909 (0.6% of construction cost)

1. Foundation cost due to reduction of dead load of 830 ton
2. Transportation cost due to lighter precast components
3. Maintenance cost due to higher durability
4. Energy cost due to high thermal insulation
5. Bigger spaces, lesser columns
6. Lighter deadload, lesser reinforcement steels
7. Reductions in Embodied and Operational Carbon Emission

Cost Savings in Using Lightweight Concrete

SGD 203,909

These Benefits Versus Cost of LiGrA 

> 



Cost Savings in Using Lightweight Concrete

1. Foundation cost due to dead load reduction

Parameters/ Properties Cost SGD/unit Total Cost Savings SGD

Supply and installation of 
driven piles

61.80 32,136.00

Pile cutting cost and 
supply of capping plate

53.00 1,378.00

Installation of mild steel 
pile shoe

45.00 1,170.00

Total Foundation savings 34,684.00

Assuming Foundation used was 300 by 300mm square pile:
• Allowable Pile capacity of 90 tones per meter
• Factor of Safety (FOS) applied is 2
• Pile to be driven into 20m depth

300mm

300mm

Number of piles saved: !"#$%&'()	(+	,--.'"#	.(,#×0",#	1(,#	+,%&(2
(!""#$%&"'	)*"'	+%)%+*,-./0 )

= 26	foundation	piles	saved!

Costing calculation is based
from HDB Standard Schedule of
Rates for Building Works, Civil
Engineering works and electrical

20m



Cost Savings in Using Lightweight Concrete

2. Transportation Savings due to lighter material and precast components

Reduction of about  !
"
	𝑡𝑜 !

!#
	in weight

Granite LiGrA
Assumptions:
• Transportation cost of about SGD 271.73
• Lorry capacity of 25 tones

Transportation 
Savings

Aggregates plant 
to batching plant

Batching plant to 
precast plant

Precast plant to 
site

3-ways savings:

Parameters/Properties Cost SGD/unit

Transportation Cost 271.73/trip

No. of lorry required 34

Transportation Savings 27,716.46

Reduction load of 830 tones aggregates, number of lorry required:
𝑁𝑜. 𝑜𝑓	𝑙𝑜𝑟𝑟𝑦	𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = !"#$%&'()	')	.(,#	(,552"5,&"6)

1(227	%,-,%'&7	(&()"6)
= 34	𝑙𝑜𝑟𝑟𝑖𝑒𝑠 saved! 

Beside financial savings, it will also reduced the operational 
carbon emission induced by lorries.



Cost Savings in Using Lightweight Concrete

3. Lighter Deadload, lesser reinforcement steels
Assumptions:
• Standard percentage of reinforcement in concrete of around 3%
• Assuming 6m span T-beam as case study for relevant comparison

NWC LWC

Dead Load Live Load Dead Load Live Load

40 kN 30 kN 27.83 kN 30 kN

Using 12mm diameter reinforcement steels to design:

Reinforcement size Position NWC LWC

N12 Top 10 9

Bottom 18 16

Y12 10 9

Total mass of 
reinforcement steel

Mass Kg Cost/Kg Cost SGD/Kg

NWC 200.46 2.60 397.77

LWC 179.36 2.60 286.97

Reduction in cost SGD 38.40

Working load:

Costing for 6m span beam:

Using LWA, the percentage of reinforcement 
steel is reduced by approximately 10.53%. 
This percentage can be utilized to calculate 
the cost savings for the case study.

#Assuming the reduction of stirrups design around 30% of Total reinforcement bars 



Cost Savings in Using Lightweight Concrete

Vol of LWC = 1107m3
Reduction in Load = 830 ton

CASE STUDY
Density Class 1.6
Comp Str = 40 MPa

Assumptions:
• Thumb rule steel quantity for Reinforced Concrete = 3%
• Density of steel taken as 7,850 kg/m3

Parameters Mass (Tones) Cost SGD 2.60 / kg

NWC 260.70 677,820

LWC 233.26 606,470

Savings 27.44 71,349

By using LiGrA, amount of SGD 71,349 can be saved 
based on this case study. The self-weight of the structure 
reduces building dead load. With lesser dead load, lesser 
steel reinforcement is required for Reinforced Concrete.



Cost Savings in Using Lightweight Concrete
4. Energy Cost due to high thermal insulation

Parameters NWC LWC

Concrete Density (Kg/m3) 2350 1600

Material Conductivity, k (W/m/K) 1.16 0.54

Assumptions:
• Energy savings for room Air Conditioner is measured with Energy Efficient Ratio (EER)
• Electricity tariff for households is SGD 0.30 per kWh – Energy Market Authority (2022)
• AC unit ”Daikin MKS65TVMG” channels 4 Indoor Unit (IDU) for 4 rooms flats (HDB) 
• Floor area of case study is 8000 Sq Ft or 743.22 Sqm

Reduction of 53.45% from
normal weight concrete 
(NWC) 

For AC unit with 21,200 8&$
92

 = Cools down 4 room flats of HDB (85-93 Sqm)

Parameters 4-room flats 
(Reference)

Case Study PPVC

Floor area (Sqm) 93 743.22

Energy usage by Air-
Conditioning Unit (Btu/hr)

21,200 169,422

This number represents the 
capacity of an AC. Knowing the 
capacity, how we find the
Power W absorbed by the AC?



Cost Savings in Using Lightweight Concrete
5. Energy Cost for high thermal insulation

Assuming an Energy Efficient Ratio (EER) of 10:

𝐸𝐸𝑅 =
𝑂𝑢𝑡𝑝𝑢𝑡	𝑐𝑜𝑜𝑙𝑖𝑛𝑔	𝑒𝑛𝑒𝑟𝑔𝑦	(𝐵𝑇𝑢)
𝐼𝑛𝑝𝑢𝑡	𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙	𝑒𝑛𝑒𝑟𝑔𝑦	(𝑊ℎ𝑟)

𝐼𝑛𝑝𝑢𝑡	𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙	𝑒𝑛𝑒𝑟𝑔𝑦 = 16942.2	𝑊

Input Electrical Energy for LWC (Watt)
         (100-53.45)% X 16942.2 Btu/hr = 7886.60 W
 
Parameters/Properties NWC LWC

Power Consumption W 16,942.2 7886.60

Energy Consumed kWh/Day 406.61 189.28

1kWh Cost SGD 0.30 0.30

Energy Cost/Yr SGD 43,914.18 20,442.06

Energy Cost Savings SGD/Year 23,472.11

Energy Cost Savings 30 year 234,721.10

Usage of LiGrA, the energy consumption by AC unit can be 
reduced. The savings based on this case study sums up to 
SGD 234,721.1 for 10 years. This finding is supported with 
LiGrA properties having high thermal insulation.



Cost Savings in Using Lightweight Concrete

6. Bigger spaces, lesser columns

Based on savings from Reinforcement Steel, using LWA: 

• Building self weight will decrease
• Lesser columns needed to structurally transferred the 
      loading from the beam 
• Lesser quantity of column

Comparison NWC LWC

Spacing between columns

Design Efficiency ❌ ✅

Cost optimized ❌ ✅

Normal Weight Aggregates

Light Weight Aggregates

Spacing

Spacing



Cost Savings in Using Lightweight Concrete
7. Maintenance Cost due to higher durability

How does usage of LiGrA helps on reducing the cost of maintenance and repair?

Durable and longer 
lasting materials

Less 
maintenance

Lower cost 
for owners

• Better water permeability
• Better freeze-thaw resistance
• Better resistance towards carbon penetration

Method of Damage Solution Cost SGD

Water penetration External wall leakage repair 
(PU Grouting)

400-800 (Exc. GST)/m2 of crack

Freeze-thaw damage Concrete sealer 1.25 to 1.75/ Sqft

Fungus on the wall due to 
condensation

Mold remediation 3500/Service

By utilizing LiGrA, we 
could reduce the rate of 
maintenance, which 
consequently lower the 
cost of maintaining the 
structure. 



Cost Savings in Using Lightweight Concrete

Total Savings against Total Additional Cost
Savings Savings LWC Factor of Reduction Savings Cost SGD

Construction Foundation Cost Pile Usage 34,684.00

Transportation Cost Lorries 27,716.46

Reinforcement Cost Steel Reinforcements 71,349.47

Operational Energy Cost AC Unit Electricity 234,721.10

Total Cost Savings (SGD) 368,471.03

Total cost savings: 
• Excluding expenses from maintenance cost 
• Reducing embodied and operational carbon emissions 
are more than the additional cost to be spent if LiGrA is used.

Against Total Additional Cost of SGD 203,909.40



Reduction in Carbon Emission using LIGRA

Embodied Carbon - The ICE Database kg CO2e / kg

LiGrA 0.278 

Granite Agg 0.00438 

LECA 0.393

Reduction in Embodied Carbon Emission ton CO2e

Waste Glass Diversion from Incineration 436.6

Saving in Transportation 9.7

Lesser Reinforcement 145.3

Lesser Foundation 28.0

Total 619.6

Reduction in Operational Carbon Emission ton CO2e

Aircon Energy Saving  (annually) 38.6

Longer Life Span

Lesser Maintenance

Total 38.6

In 30 years, reduction = 1,158 ton CO2e

Sources: (1) ICE DB V3.0 (Embodied Carbon of Materials), (2) NEA 5th Biennial Report 2022, 
 (3) IPCC Transport tool Version 2.6, (4) IGES List of Grid Emission Factors 2021, (5) Korea LCI Database

Additional CO2e due to use of LiGrA = 123.1 ton CO2e
Additional CO2e due to use of LECA  = 168.9 ton CO2e



Save Our Just One Earth



Thank You
www.joegreenpanel.com

+65 9760 5272

http://www.joegreenpanel.com/

