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 It has been acknowledged that the construction industry is one of the main contributors 

for environmental degradation around the world. The industry has produced large 

amount of waste that have a great impact on the ecosystem and human health. 
Construction material is one of the critical sources of waste that is produced in many 

ways. Many studies have been conducted on the technical aspects of green building 

material, its characteristics and how the product may help the environment. However, 
very few studies address the issue of the process of producing green materials, whether 

they are truly sustainable and comply with the green requirement. Thus, this paper 

presents a theoretical review of criteria for green building material and the compliance 
of green criteria within its life cycle process. 
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INTRODUCTION 

 

 The production of building material is part of the important elements in the life cycle of building materials. 

It is well known as a main cause of greenhouse gases (GHG), a major exploiter of natural resources and for 

having a massive effect on human wellbeing. The life cycle of building materials starts from the extraction of 

raw material to the demolition process which involves a lot of complicated processes and leaves many signs on 

the ecosystem. For example, cement manufacturing is a high-energy, intensive industry; the combustion of 

fossil fuels and the calcination of the limestone process make it a main contributor to carbon dioxide (CO2) 

emissions [1]. The production of steel also involves high levels of energy due to the smelting process of the iron 

which contributes to the CO2 emissions [3].  

 Building materials not only affect the environment during their production process, but also have significant 

impacts throughout, until the end of their use. For example, cement and wood based elements dominate most of 

the waste produced in landfill areas. In Australia, concrete contributed almost 52 per cent of the construction 

waste which was considered to be recycled [6]. Meanwhile, in Malaysia, wood has contributed almost 48% and 

50% of the waste produced in construction sites, located in Penang and Johor respectively [7, 8].  

 The production of building material is a controversial issue. This issue has led to heated discussions among 

the experts and players in the construction industry, in order to solve the problems related to the life cycle of 

building materials. Many attempts were made to clarify the greenness of the building material. The common 

approaches used to determine the green level were based upon certificates from accredited bodies, such as eco-

labelling schemes and the assessment method, using the life cycle assessment (LCA) tools. However, the 

approaches mentioned only evaluate the level of green for the building material in terms of its practical use. In 

producing the green building material, the evaluation process should not only be based upon the physical 

dimension, but it is also necessary to look into each stage of the production process to ensure it follows the right 

guidelines and green criteria. The compliance with green criteria, besides being evaluated by the standard of 

eco-labelling schemes and LCA tools, will reflect the greenness of the building material. Thus, the aim of this 

paper is to review the theoretical aspects of the green criteria for building material and the compliance of green 

criteria within the life cycle process of the building material. 
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Green criteria of building material: 

 In producing green building material, the focus should not only be on the technical dimension but also the 

needs to ensure that the process from the input to the output follows the right green criteria. Many authors have 

different perceptions of the issues of green criteria. In the late 1990s, Kim and Rigdon [9] determined a few 

characteristics to classify green building material. In their study, the prevention of pollution and waste depletion 

is the main concern in order to minimize the impact during the production process. In producing a building 

material, some processes need to be in phases, in which all the phases contribute to the waste produced. 

Increasing demand for the product leads to higher production of the building material and contributes to the 

major extraction of raw materials that generate a high percentage of waste. The increase in waste has a 

significant impact on the scarcity of the landfill area and contributes to the high level of pollution that leads to 

environmental problems. By reducing the resources used at the beginning of the process, the amount of waste 

produced will be reduced at the end of the building material’s lifetime.  

 Many authors also focused on the energy used during the whole life cycle process of the building material 

[9-13]. Energy was mostly used in the combustion of fossil fuel, to running the machinery and for the purposes 

of transportation. The replacement of the energy used can be done in order to minimize the impact on the 

ecosystem. The sophisticated way of reducing energy consumption is by maximizing the usage of waste. The 

increase in the value of waste which makes it beneficial for additional functionality, especially to replace the 

usage of fuel, can possibly minimize the waste from entering the land, decrease the emission of GHG, reduce 

the impact on human health and preserve the ecosystem in several ways. In other circumstances, the 

minimization of energy can also be achieved by using local material, as it will reduce the distance between its 

extraction site and the manufacturing places [14].  

 Waitakere City Council [14] and Kubba [12] suggest that a green building material should also be able to 

be recycled and reused after finishing its lifespan. Recycling of the material is one of a way to reduce the 

extraction of natural resources, decrease the waste produced, reduce the impact of incineration, minimize the 

cost [15] and maximize the use of energy contained in the material. According to Mungcharoen, Sridowtong 

[15], the recycled material is more environmentally friendly compare to the new material. However, reusing 

process is preferable as it lowers the impact of reprocessing the material, as reuse attribute to the same purpose 

as recycling. Other criteria mentioned by previous scholars are depicted in Table 1. 

 
Table 1: Summary of the criteria of green building material by various authors. 

 
Note: PP = pollution prevention; RE = resource efficiency; RC = recycled content; EM = embodied energy; NR = natural resources; LM = 
local material; EL = eco label; EE = energy efficient; WC = water conservation; TO = toxicity; RC&RU = recyclability and reusability; RR 

= renewable resources 

 

Life cycle of building material: 

 Every phase of the building material’s transition, starting from the extraction of raw material to the 

demolition process, was significantly related to environmental degradation. The high usage of raw material will 

lead to high levels of energy being used in the manufacturing process [16]. The proper selection of the raw 

material from the beginning of the process will help reduce the impact of the overall product. The material 

selection should not only be focused on the technical and socio-economic aspects, but should also consider the 

environmental requirement [17]. The balance between these requirements will help in the production of green 

building materials. Thus, it is crucial to look into each of the processes in the life cycle, to ensure that the 

material produced is well-functioned and eco-friendly. The life cycle of building materials shown in Figure 1 

was developed, based upon the study by Kim and Rigdon [9], in which the 3R approach is adopted in the 

process of closed-loop cycle. 
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Fig. 1: Life cycle of building material adapted from Kim and Rigdon (1998) 

 

 The process of the building material’s life cycle is divided into three main phases; pre- use, use and post-

use phases. The pre-use phase is the most pivotal stage. This phase usually brings a lot of disaster to the 

environment [9]. There are many steps involved in forming the building material, such as getting the raw 

material, its design, treatment and impregnation with substances’ elements, the burning or drying process, 

packing and delivery to the consumer. The process at this stage consumes a lot of energy and resources. 

Reduction of the resources and energy consumption should be carryout at this stage, in order to minimize the 

waste produced and GHG emission, after completing its lifespan. The use phase involved installation, 

maintenance, renovation and rehabilitation process, and the post-use phases entail the demolishing and disposal 

process. The waste in the disposal stage can be retrieved by reusing or recycling it for the same purpose or as 

new resources to produce a new material. The compliance with green criteria should be made at every stage of 

the life cycle process to ensure that the building materials produced are truly sustainable and comply with the 

green requirement.  

 

Conclusion: 

 The production of building material is an important process in the life cycle of building materials. The life 

cycle of building materials consists of many stages; from the extraction of raw material to the demolition 

process with complex processes. It has an enormous effect on the environment, ecosystem and human health. 

Many previous studies have been conducted to determine the level of greenness of building materials, its 

technical aspects, its characteristics and how the material can help in reducing the impact to the environment. 

However, there is a gap in understanding the process of producing the green materials, whether it is complying 

with the green requirement. The theoretical review conducted formed a basis for further research related to 

green building material production process.  
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