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ABSTRACT

Building Sustainability accounts for Energy use (Embodied, operational, others) with associated
Greenhouse gas emissions, waste generation, total usage of construction materials, materials
Recycling, water use etc. in buildings and is directly responsible for building performance for
design or service period. Building envelope plays major role in building embodied and
operational energy and resulting emissions associated with production of building materials and
building components comprising the same. An analysis for building sustainability performance

based on building envelope is crucial.

A life-cycle based methodology for ‘Building Sustainability Performance’ with contextual
environmental impact obtained through Sustainability Impact Indicators (SIl) and building
performance through Sustainability Performance Factors (SPF) is developed leading to
Sustainable Performance Index (SPI) for buildings. A computer code was written based on above
mathematical formulation in MATLAB®. Life cycle period is ascertained as Intended Design
Life (IDL) of building for residential buildings. This Life cycle period is modelled as three-stage
system block under ‘Cradle-Gate-Grave’ nexus. Total building life cycle energy (LCE) is
divided in this research as embodied and operational energy. Distinction is drawn between direct
and indirect energy implication for building sustainability performance and is evaluated and
compared using factors i.e. ‘4i’. These are quantified for transportation, maintenance, waste etc.

This leads to increase in overall building life cycle energy by 5-7%. Developed index was



evaluated as (MBH) Model building house with varying floor areas as MBH1 and MBH2.
Building parametric was evaluated for SPI sensitivity. A case study was then conducted on seven
storeyed mid-rise apartment building in composite climate (New Delhi). The index was then
optimized using Genetic Algorithm (GA). A computer code was developed for GA based SPI
optimization in MATLAB®. The index was then optimized for three climatic zones in India. A
Graphical user SPI interface was also created to calculate and analyse building SPI as SPI (B)
and SPI (O) and to conduct building components analysis. Several new terminologies (Thermal
Ventilation Factor (B); Ventilation Area Ratio (c); Penetration Depth Ratio (A)) as part of
building performance under SPF were proposed and integrated in Sustainability Performance

Index.

It was found out that ‘Direct Energy’ contribution to total life cycle energy is less than 5 %.
Building Sustainability Performance or SPI value based on LCA with IDL reduces with increase
in building floor area. SPI values of MBH2 falls by 5.5% when compared to MBH1. Building
Operational Energy dominates for RCC structure based residential buildings in Tropical and
semi-Tropical region in total life cycle energy (89-90 %) for IDL as 50 yrs. SPI value is least for
Hot and Dry climate in India i.e. 7.73 (MBHZ2). SPI values i.e. SPI (O) increase by 27.36 % over
SPI (B) for MBH1 in composite climate. SPI values i.e. SPI (O) increase by 28.85 % over SPI

(B) for MBH2 in composite climate.

SPI could be used as computer decision tool for analysis and comparison of designed residential

buildings. Same can be utilized for existing buildings for building operational characteristics for



working Reference Energy use Intensities after using optimization of SPI. SPI index could be
utilized for comparing buildings in different climate zones of India. SPI will aid in reducing
embodied energy as well as total building life cycle energy. Same tool could be utilized for
comparing building components in different regions. SPI could be utilized as tool during design
and planning stage to compare and pool building prototypes for building ‘Sustainability
Performance’ under Integrated Design Process for buildings. It could be used as decision and

analytical tool for Designers, Planners and in Policy Making.

Vi
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