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Tehran has experienced rapid population growth and physical expansion in recent
decades, leading to significant challenges including excessive consumption of non-
renewable energy, rising urban costs, and energy imbalance. The environmental
consequences of this consumption, such as air pollution and related health issues,
have heightened the urgency of finding solutions for energy management and the
transition to clean energy sources. In this context, urban planners have taken
effective strides by leveraging theoretical frameworks and practical experience.
Given the substantial share of energy consumption attributed to buildings,
implementing optimization strategies in design and construction is a primary
priority. Windows and building facades, as the critical interface between interior and
exterior spaces, play a pivotal role in energy management. This research employs the
innovative Climate Studio software to investigate improvements in energy efficiency
within a sample public building. The Climate Studio simulation software, with its
rapid analysis capabilities, high accuracy, and seamless integration into the design
process, significantly aids designers in creating sustainable, human-centered, and
intelligent spaces. Findings indicate that the application of smart glass not only
regulates real-time daylight but also reduces the annual average daylight intensity
from 3,048 lux to 632 lux. By automatically adjusting incoming light in compliance
with standards, it effectively prevents disruptive glare. Consequently, the
environmental conditions throughout the year remain within the optimal comfort
range, leading to a marked reduction in energy consumption. This solution can serve
as an effective model for energy optimization in urban buildings.
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1. Introduction

Rapid urbanization in Tehran has escalated energy consumption, with buildings being major
contributors. This reliance on non-renewable sources increases operational costs, pollution, and health
risks. Addressing these issues requires strategies optimizing consumption and promoting clean energy.
This study investigates enhancing energy efficiency in Tehran's public buildings using Climate Studio
software for simulation. It specifically examines the role of smart electrochromic glass and shading
systems in reducing energy use while maintaining visual and thermal comfort, using a sample office
room (8m x 7m x 3.5m with a 7m2 central window) as a case study.
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2. Methodology

A simulation-based approach utilized Climate Studio, a parametric energy modeling plugin for Rhino
and Grasshopper. The software analyzed daylight availability, glare, and thermal comfort to optimize
energy performance. Two scenarios for the sample office room were compared: one with a standard
window and another incorporating smart glass to dynamically control light and heat transmission.

3. Results

Smart glass drastically reduced incoming daylight intensity from an annual average of 3048 lux to 622
lux, placing it firmly within the optimal office range (2000-300 lux), mitigating excessive brightness
and enhancing visual comfort. Simulations demonstrated smart glass's superior glare control compared
to the standard window, significantly lowering the glare index, especially during peak sunlight hours,
ensuring occupant visual comfort. Optimizing daylight and reducing solar heat gain yielded substantial

energy savings, estimated at up to 23 .o,s, by decreasing artificial lighting dependence and cooling

loads. Smart glass effectively regulated heat ingress, reducing HVAC thermal load and enhancing
occupant thermal comfort alongside energy savings. Annual simulations confirmed the system
maintained stable daylight provision and thermal comfort year-round with minimal fluctuation,
indicating long-term reliability.

4. Discussion
The findings robustly demonstrate smart glass integrated with simulation-driven design significantly
enhances energy efficiency in Tehran's public buildings. The critical daylight reduction to 622 lux

eliminates glare while staying within optimal ranges, reducing artificial lighting needs. The 23 15,

estimated energy saving stems primarily from reduced lighting demand and decreased cooling load
due to controlled solar heat gain. Effective glare control directly improves occupant visual comfort
and productivity. Regulated heat transmission further reduces mechanical HVAC loads, compounding
energy savings. Consistent annual performance underscores smart glass's reliability in Tehran's
climate for stable indoor environmental quality. Climate Studio proved highly effective for architects
and engineers to parametrically model and optimize complex building energy interactions, specifically
evaluating advanced facade technologies like smart glass pre-implementation. This confirms these
technologies offer practical, significant solutions to energy and environmental challenges in fossil
fuel-dependent, rapidly urbanizing cities.

5. Conclusion
This study conclusively demonstrates integrating smart glass and dynamic shading systems, optimized
via Climate Studio, significantly enhances energy efficiency, reduces operational costs, and improves

occupant visual and thermal comfort in Tehran's public buildings. The achieved 23 1-,> energy

savings potential and maintained optimal indoor conditions present a compelling adoption case.
Recommendations: Public building developers, owners, and managers should prioritize incorporating
smart glass/dynamic shading in new constructions and retrofits to optimize energy use and indoor
environmental quality. Architects, engineers, and urban planners must actively employ advanced
simulation software (e.g., Climate Studio) during design to rigorously evaluate and optimize building
energy performance, especially facades. Governments and municipal authorities in Tehran and similar
cities should develop/enforce policies mandating higher energy efficiency standards, supported by
financial incentives (e.g., subsidies, tax breaks) for retrofitting with proven technologies like smart
glass. Widespread implementation is essential for sustainable urban development, reducing the built
environment's carbon footprint, lowering public energy costs, and enhancing occupant health and well-
being. Embracing simulation-driven design and smart building technologies is paramount for a
sustainable urban future.
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1. Heating, Ventilation, and Air Conditioning (HVAC)
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