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Hot-Mix Asphalt (HMA) ,Warm-Mix Asphalt (WMA) and Cold-Mix Asphalt 

Description Hot Mix Asphalt Warm- Mix Asphalt Cold- Mix Asphalt 

Temperature 140 - 180⁰C 100 - 140⁰C 0 - 40⁰C 
Production Requires high heat for mixing 

and transportation 
Lower temperature, 
reducing energy usage 

Material heating is 
not Required 

Benefits   Durable and strong 
  Preferred for high-traffic 
areas 
  Proven track record in 
various climates 

  Reduced fuel 
consumption and 
emissions  
 Improved health and 
safety conditions 
 Improved physical and 
mechanical properties, 
durability, workability 
and compaction 
efficiency 
 Easier handling and 
placement 
  Extended paving 
season (works in cooler 
weather) 

  Reduced energy   
 Used in cooler 
climates  
 Environmentally 
friendly due to 
lower emissions.  
 Longer hauling 
distances possible 
Quick application 
and curing. 

Challenges  Higher energy consumption 
 More CO2 emissions 
during production 
 Limited workability in 
cooler weather 
 

  Increased 
susceptibility to trapped 
moisture causing 
premature pavement 
decay 
 Potentially lower long-
term durability 
 Requires new 
technologies for 
production 

 Lower strength 
and durability  
 Moisture 
sensitivity, leading 
to premature 
degradation  
 Difficult to 
compaction leading 
to higher air voids 
 Not suitable for 
high-traffic roads 

Binders Type   Emulsified , 
Cutback, Foamed 

Crumb Rubber 
Modified Binder 
(CRMB) 

Commonly used for 
enhanced durability and 
resistance. 

Used for reduced 
production 
temperatures. 

 

Asphalt Rubber 
(AR) 

Enhanced aging and cracking 
resistance. 

Reduced mixing and 
compaction 
temperatures. 

 

Terminal Blends 
(TB) 

For consistent rubberized 
binder and improved 
performance. 

For energy savings and 
improved workability. 

 

References (2), (3) (2) (4) (5) (6), (7) 
 



 

  

Description Bio Binders Recycled Materials 
Bitumen Enhancement 

Remarks 

Materials Asphalt binder alternatives 
made from bio-oil, which can 
be produced from biomass 
materials (e.g., soybean oil, 
palm oil, vegetable oil, etc.) 

Bitumen enhanced with 
waste materials such as 
reclaimed rubber, 
polymers, catalysts, 
fillers, fibers, extenders, 
plastic, waste cooking 
oil, and palm oil fuel ash 

 

Benefits  Increased environmental 
sustainability and natural 
resource conservation 
 Increased crack resistance 
at low temperatures 
 Diminished asphalt-related 
toxic fumes 

 Increased 
environmental 
sustainability and 
natural resource 
conservation 
 Decreased costs of 
waste materials 

 

Challenges  Decreased high-
temperature stability 
 Performance issues 
regarding aging resistance 

  Increased 
susceptibility to trapped 
moisture causing 
premature pavement 
decay 
 Potentially lower long-
term durability 
 Requires new 
technologies for 
production 
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Description Inverted Pavements Interlocking Concrete 
Block Pavement 

(ICBP) 

Remarks 

Materials Well-compacted granular 
aggregate base placed on top 
of a cement-treated base with 
a thin layer of asphalt surface 

Pavement made from 
interlocking concrete 
blocks, temperature-
independent, considered 
flexible pavement 

 

Benefits  Cost-effective 
 Allows incorporation of 
sustainable materials 
 Strong structural support 
and bearing capacity 
 Prevents reflective cracking 
and propagation from 
cemented base into asphalt 
 

 High social acceptance 
Cost-effective 
Superior structural 
performance 
Air-purifying qualities 
Use of waste materials 
Reduced noise 
emission 
Lower heat island 
effect 

 

Challenges  Granular base is a key 
structural element and may 
require treatment for 
performance 
Requires specialized labor, 
techniques, equipment, and 
maintenance 

Higher initial costs 
Lower construction 
speeds, potentially 
causing long-term traffic 
restrictions 
Manufacturers' low 
interest in producing 
new block pavers due to 
costs 
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Smart 
Pavements 

Benefits Challenge Materials/Technologies 

Self-Awareness 
Pavements 

 Environmentally friendly 
Capable of sensing strain, 
temperature, and pressure 
Cost-effective 
Faster response times 

 Still in the development 
and testing phase 
High upfront costs 

Use of carbon-doped 
conductive concrete, optical 
fiber sensors, and other real-
time monitoring technologies 

Self-Healing 
Concrete 
Pavements 

 Extends pavement life 
Cuts lifecycle maintenance 
costs 
Reduces emissions 
Improves strength and 
durability 

 Less researched 
compared to asphalt self-
healing 
Slow healing process 
Unclear effects on 
biological health  

Concrete that uses bacteria to 
produce calcium carbonate to 
seal micro cracks  

Information 
Interaction 
Pavements 

 Enhances safety 
Improves traffic flow 
Lowers maintenance costs 
through early defect detection 
Increases accessibility 
through assistive tech  

Still in the early stages of 
development 
Needs more testing for 
durability and integration 
High initial investment 
Potential cyber security 
risks 
Resistance to 
widespread adoption 

A system integrating smart 
technologies such as Building 
Information Modeling (BIM) and 
Intelligent Transport Systems 
(ITS) 

Self-Healing 
Asphalt 
Pavements 

 Prolongs pavement lifespan 
Lowers lifecycle maintenance 
costs 
Reduces emissions related to 
upkeep 

 Many technologies are 
still in the testing phase 
Not ready for large-scale 
implementation  
 

Includes additives, 
nanoparticles, in-situ heating, 
and encapsulation technologies 
(hollow fibers, vascular fibers) 

Energy-
Harvesting 
Pavements 

 Provides socio-economic 
and environmental benefits 
Generates clean, renewable 
energy 
 

 Further development 
required to ensure 
durability, skid resistance, 
and compatibility 
High initial costs 

Pavements with energy 
transducer devices that convert 
mechanical energy into 
electricity 

Cooling 
Pavements 

Reduces urban heat island 
effect 
Decreases storm water 
runoff 
Lowers tire noise 
Improves safety and comfort 
Increases pavement lifespan 
and reduces maintenance 
costs 
 

 Reflective pavements 
may cause glare and 
discomfort 
Evaporative pavements 
are prone to water 
damage and wear 
 

Pavements designed to stay 
cooler using solar energy 
reflection, enhanced 
evaporation, or other cooling 
methods 
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Traditional 
Method Category Production/Application Benefits Challenges 

Premix Pavement 
Treatment 

Pre-prepared mixture of 
aggregate and binder 
applied to the surface. 

Improves texture and 
skid resistance 
Extends road life. 

Requires surface 
preperation 
Costlier than some 
treatments. 

Ottaseal Surface 
Treatment 

Bituminous sealant for 
cracks and pores. 

Prevents water damages 
Enhances durability. 

Less effective on 
large cracks 
Needs good 
bonding. 

Surface 
Dressing 

Surface 
Treatment 

Aggregate applied to the 
spread Bitumen (Tack 
coat) surface. 

Cost-effective 
Quick to apply 
Improves drainage and 
skid resistance. 

Loose aggregate if 
not compacted well 
Not for heavily 
trafficked roads. 

Slurry Seal Surface 
Treatment 

Mixture of water, asphalt, 
and aggregate applied to 
surface. 

Fills minor cracks 
Improves surface and 
prolongs life. 

Not effective on 
large cracks or 
structural damage. 

Semi-Grout Surface 
Treatment 

Bitumen emulsion, fine 
aggregate, and water 
applied. 

Cost-effective for minor 
repairs 
Waterproofing. 

Not for major 
damage 
Needs proper 
application 
technique 
Time Consuming 
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