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	The concept of a sustainable environment generally refers to the development that creates a balance between the resources consumption pattern and the rate of natural resources depletion. This innovation presents an analytical study that focused on establishing a correlation of eco-efficiency index for concrete residential housing in Malaysia using statistical technique and performed response surface method. 3D model graphs were developed for structural concrete containing fly ash, and blast furnace slag (BFS), which was assigned to the structural members in a single and double story housing. The study has concluded that the correlations established between the cost and carbon emission, economic & environmental scores, and the eco-efficiency index have shown a linear trend for single story housing and a cubic for the double story housing. It is also determining that not all waste material is green material where examining the composition is important to classify its sustainable level. The model is applicable for designing sustainable reinforced concrete structure to meet Criteria 6 (Innovation) in Green Building Index.
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RSM-EERC is a 3D-model that is representing the eco-efficiency index of reinforced concrete low-rise residential houses by using Response Surface Model. 3 main parameters innovate in this model consist of economical score, environmental score and eco-efficiency index. Analysis using 3D-model is giving further correlation of each parameter in designing sustainable reinforced concrete structure that is reflecting alternative material implementation in reinforced concrete design. Fly ash and blast furnace slag were used in this development of this model to differ the impact towards economical and environmental factor of reinforced concrete structure. Negative score shows in the model represents the propose design is not meet requirement of sustainability where positive score should be produces in both elements. 
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Figure 1. Determination of Eco-efficiency Index
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Figure 2. Response surface graph on fly ash based concrete used for single story houses.






	Novelty and uniqueness



	RSM-EERC is producing four (4) novelty and uniqueness. First, the novelty is about formulation of emission factor of alternative reinforced concrete (EFRC), Economical Score and Environmental Score. Secondly, the prediction equation of for reinforced concrete residential houses single and double story using two alternative materials which are fly ash and blast furnace slag. Thirdly is 3D Response Surface Model of Eco-efficiency Index for reinforced concrete residential houses for single and double story. Lastly is new approach of alternative design on score evaluation for Criteria 6 in Green Building Index assessment.


	Benefit to mankind














	RSM-EERC is producing some advantages to different stakeholders. For structural designer, RSM-EERC is clearly give guidance in producing sustainable reinforced concrete structure that can contribute to Green Building Index score under Criteria 6 (Innovation). Towards economical and environmental impact, RSM-EERC is designed to production optimum cost of structure with minimum impact towards environment by using alternative by-product material from waste and promoting recycling. Furthermore, this innovation is proving that not all waste material is considered sustainable and green without examining the content of its composition. Some of waster material is naturally contains high embodied carbon and not contributing low carbon emission product.  To the society, this innovation is helping better environment and social impact in reducing carbon emission and controlling global environmental issues especially waste management, global warming and pollution. 


	Potential commercialization   





	RSM-EERC is leading in producing guideline for Eco-efficiency Index Framework (EEIF) for Reinforced Concrete Structure Design. This guideline is applicable for structural designer to produce sustainable reinforced concrete by using alternative material in concrete technology. It is potentially use in reinforced concrete structural design for slab, beam, column and foundation with respect to different code of practices such as Eurocode, American Standards and others. Furthermore, this guideline is also secure copyright (CRLYXXX) on XX February 20XX.
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Detenmination of Cost and Carbon Emission of the reinforced concrete material
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