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Abstract

Amidst global concerns over climate change and fossil fuel depletion, designers are
increasingly integrating energy-saving measures inspired by ancient architectural techniques,
emphasizing indoor comfort and daylight exposure without relying on non-renewable resources.
The significance of thermal comfort and daylight in buildings for occupant well-being and
productivity, energy efficiency, and sustainability aligns with environmental goals, and fostering
a connection to the external environment. This shift towards passive design strategies is
particularly pronounced in solar-rich regions such as India.

Analysis-based design, utilizing simulations and computational models, is crucial for
informed decision-making. The present study thus employs the Building Energy Simulation-
Optimization (BESO) approach, enabling a comprehensive evaluation before physical
construction and ensuring compliance with performance objectives and regulatory standards. The
central goal is enhancing thermal performance, especially in tropical climates where heat, cold,
and humidity present challenges. The BESO framework optimizes the Tropical Summer Index for
natural conditioning and minimizes air conditioning loads through strategic building design.

Traditionally, Genetic Algorithms (GA) are preferred for optimizing building
parameters, but their limitations require exploring more efficient alternatives. The Grasshopper
Optimization Algorithm (GOA), known for computational efficiency, suitability for discrete
variables, and local optima avoidance, emerges as a compelling choice. This study pioneers GOA's
application in building parameter optimization, conducting a comparative analysis with GA.
Results show that GOA enhances thermal performance by 0.44% to 1.47% in naturally conditioned
buildings and 2.32% to 12.37% in air-conditioned buildings compared to GA.
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The study expands to address lighting's role in energy consumption and occupant well-
being, emphasizing harnessing daylight in tropical climates through expansive windows. Using
GA and GOA-based BESO, it compares their efficacy in maximizing daylight admittance with the
Perez sky model. GOA achieves a visual performance enhancement of 0.22% to 0.27%. Further,
balancing daylight admission and heat mitigation highlights the multifaceted nature of tropical
climatic objectives. A multi-objective optimization analysis, using multi-objective forms of GA
and GOA (NSGA-Il and MOGOA), is conducted across three Indian climatic zones. Results show
improvements in solutions by MOGOA compared to NSGA-II. Moreover, execution of GOA and
MOGOA leads to significant reductions in computational time, ranging from 0.04% to 57.22%.

Further, algorithm optimization relies on precise parameter configuration. The study
explores two methodologies: meta-optimization using an auxiliary algorithm for calibration, and
dynamic modulation of parameters through Reinforcement Learning (RL) principles. These
approaches, previously unexplored in the BESO domain, hold the promise of untangling nuanced
optimization challenges. Fine-tuning parameters leads to enhancements, with meta-optimization
improving by 0.04% to 2.76%, and RL-based fine-tuning demonstrating a further enhancement of
0.22% to 5.94% in the results. Results also demonstrate that the diverse decision variables interact
with each other, and their holistic consideration is a critical factor in sustainable building design.

In conclusion, the outcomes offer practical recommendations for selecting appropriate
building design parameters based on specific objectives. Overall, this research advances the
knowledge and understanding of BESO and fine-tuning of algorithm parameters. The study
contributes to the development of more efficient building designs in tropical regions of India,
offering innovative strategies for algorithm parameter optimization in both fixed and adaptive

approaches.
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STAarg URadH SR SHared Se &1 HH & dfye ffarst & g, fEemsR ure
IRGRIT qHh1D! O YR SHoll-aad IR BT doll ¥ THIHd IR @ 6, AUl IR-TGH0N
Tl R ARar & ST STER oRm ol 37 &t Az R AR § @ 1 ARGl § yrfa
JEEAHT 3R &7 $T A2 BT Aed MRl & Hemm 3R Ideawdl, ol G 3R
TR & W1 BT 8, 7T iaRulid dedt o A1 T @Ml &, 3R e8] TaiaRor ¥ I8
BT URYET I | A Hdl ¢ | FAShy fEuisT Iomifadl o1 3R U8 seard fauy U 4Rd
O IR-Tg & Ay B

fazayur-aneniia feome, REgaRs $iR STuFTes Arsal &1 SUTNT o, gfad
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&7 yHd USH &F g1 8, faRy © 0 T 3 Iwresfesddia sieargsit & Sigt 1, 5 8k S
FAIfaar URqd Rt ol dSuHSH g Uipfae SN & o Iwmfeddy daewre=
JAG P DI 3BT Rl § AR WIS FART SIS & T T TR HS T HR Bl
S AT 5|
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RH [in fraction]

Phase Angle for Admittance Factor

Density of a Material [kg/m?]

Laplace transform of temperature function
Altitude angle of sky element

Angle of Incidence

Solar Gain Factor for the " Transparent Surface
Solar altitude angle

Arc angle between sky element and the sun
Periodic Fluctuation’s Angular Frequency

Angular Frequency of the Harmonic

Abbreviations

Autoclaved Aerated Concrete
Artificial Bee Colony
Air-conditioner

African Buffalo Optimization
Ants Colony Optimization
Artificial Intelligence
Artificial Neural Network

Bureau of Energy Efficiency
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BFA
BESO
BESP
BIM
BIOA
BIS
BO
CBERD
CBRI
CET
CIBSE
CIE
CO2
CS
DBT
DE
ECBC
EPS
ET
FA
FAR
FRP

GA

Bacterial Foraging Algorithm

Building Energy Simulation Optimization
Building Energy Simulation Program
Building Information Parametric Model
Bio-inspired Optimization Algorithm
Bureau of Indian Standard

Bat Optimization Algorithm

Centre for Building Energy and Research
Central Building Research Institute
Corrected Effective Temperature (°C)
Chartered Institute of Building Services Engineers
International Commission on lllumination
Carbon Dioxide

Cuckoo Search Algorithm

Dry Bulb Temperature [K]

Differential Evolution

Energy Conservation Building Code
Expanded Polystyrene

Effective Temperature (°C)

Firefly Algorithm

Floor Area Ratio

Fiber Reinforced Plastic

Genetic Algorithm
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GANN-BIM
GDP
GFRC
GFRG
GOA
GSO
GWO
HVAC
IDMP
IEQ
1S

1SO
KH
LCA
LCC
LCEI
LEED
MADM
MDF
MFO
ML
MOGA

MOGOA

GA + ANN + BIM

Gross Domestic Product

Glass Fiber Reinforced Concrete

Glass Fiber Reinforced Gypsum
Grasshopper Optimization Algorithm
Glowworm Swarm Optimization

Gray Wolf Optimizer

Heating, Ventilation and Air-conditioning
International Daylight Monitoring Programme
Indoor Environmental Quality

Indian Standard

International Organization of Standardization
Krill Herd Algorithm

Life Cycle Assessment

Life Cycle Cost

Life Cycle Environmental Impact
Leadership in Energy and Environmental Design
Multiple Attribute Decision Making

Medium Density Fiberboard

Moth Flame Optimization

Machine Learning

Multi-objective Genetic Algorithm

Multi-objective Grasshopper Optimization Algorithm
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NFL

NIOA

NSGA-II

NSO

PCM

PIR

PMV

PPD

PSO

PUF

PV

RCC

RelLU

RH

RL

SA

SAD

SC

SHGC

SSO

TSI

UHPC

VAV

No Free Lunch

Nature-inspired Optimization Algorithm
Non-dominated Sorting Genetic Algorithm-II
National Statistical Organization

Phase Change Material
Polyisocyanurate

Predicted Mean Vote

Predicted Percentage of Dissatisfied (%)
Particle Swarm Optimization
Polyurethane Foam

Photovoltaic

Reinforced Cement Concrete

Rectified Linear Unit

Relative Humidity (%)

Reinforcement Learning

Simulated Annealing

Seasonal Affective Disorder

Shading Coefficient

Solar Heat Gain Coefficient

Sperm Swarm Optimization Algorithm
Tropical Summer Index (°C)
Ultra-High-Performance Concrete

Variable Airflow Volume
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VLT Visual Light Transmittance

WBT Wet Bulb Temperature (°C)
WWR Window to Wall Ratio
XPS Extruded Polystyrene
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