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Executive Summary 

This Executive Abstract provides a high-level overview of the energy simulation results for 

the 86.30 m2 (929 sq. ft.) Belauri prototype 4-roomed RCC framed building model. It 

highlights the transformation from a standard "Business as Usual" (BAU) building or the 

existing normal building construction practice to a high-performance, resilient structure 

through a “Energy Efficient and Sustainable Building Design" strategy. 

ENERGY PERFORMANCE ABSTRACT: BELAURI PROTOTYPE 

The Core Strategy: Building Envelope First Design Approach 

 

The design shifts from solid brick and single glazing to an optimized envelope featuring 50mm 

EPS roof insulation, SRI reflective paint, 50mm wall cavities, and Double Glazed Units 

(DGU). This passive shielding allows the building to maintain comfort during Belauri’s 

extreme above 40°C thermal stress periods with minimal mechanical aid. 

 

Key Performance Indicators (EPI) 

 

• Total Energy Reduction: 53.9% (From 8,000 kWh to 4,400 kWh annually). 

• Efficiency Metric (EPI): 10.83 kWh/m2/year. 

o Context: This is ~85% more efficient than regional residential baselines. 

• Peak Daily Intensity: 0.299 kWh/m2/day (Summer) | 0.062 kWh/m2/day (Winter). 

• Daylight Autonomy: 86.04% Useful Daylight Illuminance, eliminating daytime 

artificial lighting needs. 

 

Economic & Lifecycle Viability 

 

• Incremental Investment: NPR 294,500. 

• Annual Operational Savings: NPR 43,200. 

• Simple Payback: 6.81 Years. 

• 70-Year Lifecycle Profit: NPR 2.73 Million (ROI of 926.8%). 

 

Environmental & Scalability Impact 

 

• Annual Carbon Mitigation: 2.52 Metric Tons of CO2 per building. 

• Municipal Scale Potential Projection (~ 11,000 Units as per CBS, Nepal, 2021): 

Mitigates 27720 Tons of CO2 annually. 

o Potential Carbon Credit Revenue: NPR 40.67 Million/year (@ $10/ton - 
conservative range). 

 

Conclusion: The Belauri prototype demonstrates that high-performance housing is a high- 

yield financial asset. By reducing energy demand by over 50%, the municipality can provide 

a 70-year legacy of thermal comfort, financial empowerment, and global climate leadership. 
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Chapter 1: Introduction to Sustainable Buildings 

1.1 Sustainable Building Design and Energy Efficient Buildings 

Sustainable building design is a comprehensive approach to planning, designing, building, and 

managing buildings in ways that reduce environmental impact while improving occupant 

comfort, health, and economic efficiency. It considers a building's complete life cycle, from 

material extraction and construction to operation, maintenance, and final demolition or reuse. 

 

Energy-efficient buildings are an essential component of sustainable construction. They are 

intended to reduce energy consumption using passive design principles, high-performance 

building envelopes, efficient systems, and renewable energy integration. The goal is to reduce 

not just operating energy consumption, but also embodied energy and carbon emissions from 

construction materials and processes. 

 

Sustainable building design is typically assessed using globally recognized green building 

rating systems like Leadership in Energy and Environmental Design (LEED), Building 

Research Establishment Environmental Assessment Method (BREEAM), and Green Rating 

for Integrated Habitat Assessment (GRIHA). These frameworks support performance-based 

approaches that prioritize energy, water, materials, indoor environmental quality, and site 

sustainability. 

 

In increasingly urbanizing countries and rising economies, sustainable buildings are 

particularly critical for energy security, climate change mitigation, and extreme weather 

resistance. 

 

1.2 Importance of Sustainable Buildings 

The importance of sustainable buildings can be understood through environmental, economic, 

and social dimensions. 

 

1.2.1 Environmental Importance 

 

Buildings are among the largest consumers of energy globally and are responsible for 

significant greenhouse gas emissions. Sustainable buildings reduce: 

 

• Operational energy demand 

• Carbon emissions 

• Water consumption 

• Construction and demolition waste 

• Pressure on natural resources 

 

By incorporating renewable energy systems, passive design, and efficient technologies, 

buildings can significantly lower their environmental footprint. 

 

1.2.2 Economic Importance 

 

Although sustainable buildings may involve slightly higher initial investments, they result in: 

 

• Lower operating and maintenance costs 
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• Reduced energy bills 

• Increased asset value 

• Improved lifecycle cost performance 

 

Life Cycle Cost Analysis (LCCA) demonstrates that energy-efficient buildings offer long- 

term financial benefits and higher return on investment. 

 

1.2.3 Social Importance 

 

Sustainable buildings improve: 

 

• Indoor air quality 

• Thermal comfort 

• Daylighting and visual comfort 

• Acoustic performance 

• Occupant health and productivity 

 

Healthy indoor environments directly influence well-being and performance, especially in 

residential, educational, and office buildings. 

 

1.3 Basic Definitions 

To comprehend sustainable structures, numerous key principles must be addressed: 

 

1. Sustainability refers to meeting current demands without affecting future generations' 

ability to fulfill their own needs. It strikes a balance between environmental conservation, 

economic viability, and social equality. 

 

2. Energy Efficiency: Using less energy to achieve the same result. This includes improving 

building design and technology to reduce energy use for heating, cooling, lighting, and 

appliances. 

 

3. Embodied Energy: The energy used to extract, manufacture, transport, and install 

construction materials. 

 

4. Operational energy refers to the energy used for building operations, such as HVAC, 

lighting, appliances, and equipment. 

 

5. Carbon Footprint: The total greenhouse gas emissions (GHGs) from a structure during its 

entire cycle. 

6. Net-Zero Energy Building (NZEB): A building that generates as much energy as it 

consumes yearly, typically using renewable energy sources. 

 

7. Passive Design: Using natural energy sources (sun, wind, thermal mass) to provide thermal 

comfort with minimal mechanical intervention. 
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1.4 Climatic Factors affecting building design 

Climate-responsive design is essentially "passive" architecture, which allows the environment 

to do the heavy lifting for heating, cooling, and lighting, eliminating the need to rely 

exclusively on an air conditioner or heater. 

 

Here is a breakdown of how those five factors dictate a building's design: 

 

1.4.1 Solar Path and Radiation 

 

This determines where we put our windows and how we shade them. In the Northern 

Hemisphere, for example, south-facing windows receive the most sunlight in winter. Designers 

use this information to compute overhangs (to hide high summer sun while allowing low winter 

sun) and arrange solar panels for best efficiency. 

 

1.4.2 Temperature Variations 

 

Understanding the "Diurnal Range" (the difference between day and night temperatures) 

explains about how to use the temperature ranges. 

High variation (Deserts): Use high thermal mass (like brick or stone) to absorb heat during 

the day and release it at night. 

Low variation (Tropics): Use lightweight materials that don't store heat. 

 

1.4.3 Humidity Levels 

 

Humidity dictates how we handle air movement. 

High Humidity: The goal is maximum cross-ventilation to evaporate moisture from the skin 

and prevent mold. 

Low Humidity (Dry): The focus shifts to "evaporative cooling" (like using courtyards with 

water features) to add moisture and cool the air naturally. 

 

1.4.4 Wind Direction and Speed 

 

By studying "wind roses" (prevailing wind patterns), we can orient a building to catch mild 

breezes in the summer or block piercing cold winds in the winter. This entails strategically 

positioning inlets (windows) and outlets to create a venturi effect that naturally draws air 

through the living spaces. 

 

1.4.5 Rainfall Patterns 

 

Rainfall effects roof design and site drainage. High-intensity rainfall necessitates steep pitches 

and strong gutter systems, while simultaneously providing a possibility for rainwater gathering. 

In many climate-responsive designs, the roof serves as a funnel to collect water for irrigation 

or greywater use, hence lowering the building's overall footprint. 
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1.5 Passive Building Design Approach 

Climate-responsive solutions transform a building into an environmental filter, balancing the 

severe conditions of the outside world with the requirement for internal comfort. Prioritizing 

these "passive" measures allows us to considerably lower a building's carbon footprint and 

operational costs. 

 

A detailed look at how these five strategies function: 

 

1.5.1 Site Planning and Orientation 

 

Orientation is the most cost-effective climate approach because it costs little to rotate a 

building on its axis prior to construction. 

 

• The "Long Axis" Rule: suggests that in most climates, buildings should be elongated 

along the East-West axis. This exposes the lengthy North and South facades to sunlight, 

which is considerably easier to control with shading than the low-angle morning and 

evening daylight that strikes the East and West walls. 

 

• Solar Gain: Proper placement maximizes passive solar heating in winter and protects 

against summer sun. 

 

1.5.2 Shading Devices 

 

Shading serves as the building's first line of defense against "heat gain." 

• Horizontal Overhangs: For optimal results, use horizontal overhangs on south-facing 

windows. Because the summer sun is high in the sky, a modest roof overhang or 

"chajja" can hide the heat while allowing the lower winter sun to penetrate the space. 

 

• Vertical Fins: Vertical fins are ideal for East and West facades when the sun is low. 

They block the sun's horizontal rays as it rises and sets. 

• Vegetation: Deciduous trees give natural shading in the summer but shed their leaves 

in the winter, allowing for sunlight. 

 

 

1.5.3 Natural Ventilation 

 

This approach moves air without the use of fans or air conditioners, instead depending on 

pressure and temperature variations. 

• Cross-ventilation: It involves installing apertures (windows/louvers) on opposing 

sides of a room. Wind enters the high-pressure zone on one side and exits via the low- 

pressure zone on the other. 

• Stack Ventilation (The Chimney Effect): Hot air rises, thus openings near the ceiling 

or a central atrium (a "thermal chimney") allow hot air to depart and cooler air to enter 

from lower windows. 
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1.5.4 Thermal Mass Utilization 

 

Thermal mass functions as a "heat storage or battery" High-density materials (such as concrete, 

brick, stone, and even water) can store a lot of heat and can be used or discarded as required. 

• Thermal lag: In a hot-dry region, large masonry walls absorb heat from the sun and 

keep the interior cool. By the time the heat eventually makes its way through the wall 

to the interior, it is nighttime and the outside air has cooled. 

• Night Purging: Opening windows at night allows cool air to "flush" stored heat from 

thermal mass, resetting the "battery" for the next day. 

 

 

1.5.5 Daylighting 

 

Daylighting is more than simply "having windows"; it is about spreading light deeply and 

evenly to avoid glare and excessive heat. Following measures can be used, if necessary, as per 

the site limitations. 

• Light shelves: These are horizontal surfaces placed above eye level on windows. They 

reflect sunlight onto the ceiling, which bounces deep into the back of the room where a 

regular window cannot reach. 

• Clerestory Windows: High-level windows along the roofline provide natural light and 

privacy, decreasing the need for artificial lighting during the day. 

Climate responsive design reduces energy consumption at the source rather than compensating 

with mechanical systems. 

 

1.6 Building Envelope 

The building envelope is the outer boundary or the interface of the building that interacts with 

the external environment such as sun, wind, rain etc. To understand why the building envelope 

is the "skin" of a structure, consider it as a thermal boundary. 

 

Functional importance of each of the following component contributes to a climate-responsive 

system: 

 

1.6.1 Walls and Insulation Layers 

 

The majority of a building's surface is made up of walls. Two things determine how well they 

perform in extreme climatic conditions. 

 

• R-Value (Resistance): This resists that how effectively insulating materials (such as 

cellulose, mineral wool, or EPS) stop or slow down the heat from passing through walls. 

• Thermal Bridges: Thermal bridges are the weak links in the building envelope which 

allows heat exchanges easily in relation to the conditions outside. A high-performance 

envelope makes sure that there are no openings in the insulation that let heat "bypass" 

the barrier, such as concrete slabs or metal studs that allow easy heat transfer. 
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1.6.2 The Roof 

 

The roof is exposed to the most direct sunlight during the day; hence it is the most important 

component for solar protection. 

• Cool Roofs: Reflecting sunlight incident on the roofs with high-reflectance paints or 

materials (e.g. SRI paints with High SRI value) 

• Green Roofs: Utilizing vegetation for evapotranspiration and naturally insulate 

buildings on top the RCC deck can be a measure in the composite type of climates and 

needs to be carefully chosen if intended to be included in the design. 

 

• Air gaps: This is establishing a "ventilated roof" in which heat is dissipated by a layer 

of air moving between the inner ceiling and the outer tiles. This can be a practical 

measure in low-cost and low-income group of people. 

 

1.6.3 Windows and Glazing 

 

Windows are technically the "weakest link" in an envelope because glass transfers heat easily. 

High-performance glazing uses: 

• Double/Triple Panes: Trapping inert gas (like Argon) or air between glass layers to 

slow heat transfer. The Glass-Air-Glass or Glass-Inert gas(Ar, Kr, Xe) - Glass (6-12- 

6)mm layering helps form a strong barrier against the high heat transfer gains and 

losses. 

 

• Low-E Coatings: Very fine thin metallic layers that reflect infrared heat while letting 

in visible light. Mostly found in the form of coatings or stickers. Can be applied on 

existing glass as well. 

 

• U-Value & SHGC: Low U-values indicate better insulation, while a low Solar Heat 

Gain Coefficient (SHGC) means the glass blocks more heat from the sun. 

 

1.6.4 Floors and Foundations 

 

In many climates, the floor is used for thermal coupling between the plinth of the building 

and the earth strata. 

• Slab-on-Grade: By keeping the floor in contact with the earth (which stays at a 

relatively constant temperature), the building can stay cooler in summer and warmer in 

winter. 

 

• Sub-floor Insulation: Prevents heat from escaping into the ground in cold climates. 

One should be careful before the sub-floor insulation is applied in hot climates. 

 

1.6.5 Doors and Air Sealing 

 

Even the best insulation is useless if the building "leaks" air. The air leaks cause excessive 

gains in the summer and losses in the winter. 
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• Airtightness: High-performance envelopes make sure that only regulated ventilation 

systems allow air to enter the building and not through the gaps around doors or joints, 

by using specialty tapes and membranes. 

• Thermal Breaks: To prevent heat from "flowing" through the wood or metal, 

contemporary high-performance doors have a non-conductive substance inside the 

frame. 

 

1.7 Building Envelope Parameters 

A high-performance envelope follows the Fabric First principle: if one can build a nearly 

perfect shell, we can install a much smaller, cheaper HVAC system because the building 

naturally stays at a comfortable temperature. It can save initial capital expenditure as well as 

the later operational expenses in the whole building life cycle. 

 

1.7.1 Thermal Performance (U-value) 

 

The U-value (thermal transmittance) measures how much heat escapes through a building 

element (like a wall, roof, or window). 

• Definition: It is the inverse of the R-value (resistance). The lower the U-value, the 

better the insulator. Higher the U-value, higher will be the heat transfer and the 

conventional building construction methods seem to have high U-value being one of 

the reasons. 

 

Although, the vernacular architecture in the country has suggested that the building 

envelope were designed with more consideration for the climatic factors in the region. 

 

• Goal: In high-performance design, the goal is to achieve the lowest possible U-value 

to ensure that the internal temperature remains stable regardless of the weather outside. 

The design principles as a whole should be upgraded with this concept keeping in mind 

about the vernacular building design and construction approach. 

1.7.2 Air Tightness 

 

If a building "leaks" air through joints, cracks, or service penetrations, even one with adequate 

insulation will collapse. 

• Infiltration versus ventilation: Uncontrolled infiltration (drafts) is prevented by air 

tightness. Intentional ventilation is then used to supply controlled fresh air and regulate 

the air flow and create a comfortable space as required. 

• Energy Savings: You can save energy loads by up to 40% by sealing the envelope to 

keep "conditioned" air i.e., the air we have already paid to heat or cool from escaping. 

• Blower Door Test: By depressurizing the house and looking for leaks, this is the 

accepted method of determining how airtight a building is and how can we improve it. 
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1.7.3 Solar Heat Gain Control (SHGC) 

 

While U-value measures heat leakage, the Solar Heat Gain Coefficient (SHGC) measures 

how much solar radiation enters through the glass. 

• SHGC Scale: It is a number between 0 and 1. 

 

• Application: In hot climates, we want a low SHGC (e.g., 0.25) to block the sun’s heat. 

In cold climates, a higher SHGC might be preferred on south-facing windows to help 

heat the home for free in the winter. 

 

1.7.4 Moisture Control 

 

The trapping of water vapor within a wall can result in rot, mold, and "sick building 

syndrome." 

 

• Vapour Barriers: These are membranes that are positioned on the "warm" side of the 

insulation to stop humid indoor air from condensing (turning into liquid water) when it 

comes into contact with a cold surface. 

• Breathability: Contemporary high-performance envelopes are frequently "vapor-open 

but air-tight," which means that while they keep out wind, they let tiny moisture 

molecules dry out, preserving the building's structural integrity. Examples can be 

related to the cavity wall construction. 

 

1.7.5 Insulation 

 

• Insulation: High-performance building design places a strong emphasis on "wrapping" 

the entire building in an uninterrupted layer of insulation. By doing this, thermal bridges 

points that serve as "highways" for heat to escape the insulation, such as steel studs or 

concrete balconies are removed. 

• Impact: Since the roof can get 30 to 50°C hotter than the surrounding air during the 

summer, proper insulation is extremely important. 

 
 

                Table 1 Building Metrics vs Main Goal 

Feature Primary Metric Main Goal 

Thermal 

Performance 

U-value Stop or slow down heat from passing through 

solids. 

Air Tightness ACH (Air Changes 

per Hour) 

Stop or minimize air from leaking through 

gaps. 
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Solar Control SHGC Regulate how much "free" heat the sun adds 

in the space. 

Moisture Control Permeability Prevent rot and mold within the walls. 

Insulation R-value / Thickness Minimize the demand on HVAC systems. 

 

The envelope serves as the first line of defense against external climate fluctuations in energy- 

efficient buildings. Prior to the introduction of mechanical equipment, a well-designed 

envelope lowers the operational energy requirement. 

 

A revolutionary approach to the built environment, sustainable buildings combine economic 

efficiency, environmental responsibility, and occupant well-being. In order to provide resilient, 

low-carbon, and future-ready development, sustainable building design goes beyond traditional 

construction methods by emphasizing energy efficiency, climate-responsive solutions, and 

high-performance building envelopes. 
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Chapter 2 : Project Overview and Site Context 

2.1 Project Location and Geographic Coordinates 
 

Details Description 

Project Name Belauri Prototype Building 

Client Government of Nepal, Belauri Municipality, 

Kanchanpur, Sudur Paschim Province 

Building Typology Residential, RCC framed structure 

Gross Floor Area (sqft) 929 sq ft 

Climatic Zone Hot and Humid Climatic Zone 

Geographic Coordinates Latitude: 28°79 N Longitude: 80°31' E 

Elevation above MSL 150m to 200m 

 
Site Description: Contextual Factors 

 

1. Peri-urban settlement classification 

 

As a transitional area between traditional rural agricultural land and growing urban residential 

clusters, Belauri is classified as a peri-urban settlement. 

 

Infrastructure: Utility access usually follows a grid-extension approach, and the area is 

distinguished by newly developed residential subdivisions. 

 

2. Low Built Density Surrounding 

 

Massing: Single- or two-story detached residential buildings make up the majority of the 

surrounding surroundings. 

 

Large open plots or agricultural fields are dotted amongst constructed forms, indicating a 

considerable physical gap between the structures. 

 

3. There are very few or no site obstructions. 

 

Physical Barriers: There aren't any huge infrastructures, industrial towers, or high-rise 

buildings nearby. 

 

Vegetative Shading: The building plot would be naturally overshadowed by the site's 

absence of substantial mature tree canopies or forest cover. 

 

4. East-West Longitudinal Axis Orientation Restrictions 

 

Geometry: The site is oriented so that any proposed structure's longest axis extends from 

east to west. 

 

Long facades facing north and south are the result of exposure, but the smaller, more delicate 

gable ends confront the direct sun routes in the morning (East) and evening (West). 
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Belauri 

5. Topography and Landform: Alluvial Plain (Terai) 

 

Slope: The property and the adjacent community have very flat topography with very little 

elevation variation. 

 

Hydrology: The land, which is part of the Terai region, is made up of alluvial soil deposits and 

does not have any hills or valleys that would naturally shade the area or affect microclimatic 

wind patterns. 

 

2.2 Macro-Climate Analysis and Weather Data Source 

Climate data source: 

 

• EPW File Name: Dhangadhi_EPW_Weatherfile 

• Weather Station Distance from Site: < 50km 

• Altitudnal variation : < 100m 

• Data Period: Historic >20 years 

 

2.3 Climate Characterization 

2.3.1 Seasonal Temperature Range 

 

This explains the "thermal stress" that a structure will experience. Usually, the Diurnal Range 

(day-to-night difference) and Mean Monthly Max/Min temperatures are used to study it. 

• Significance: High thermal mass may be used to "store" heat or cooling due to a high 

diurnal variation, which is typical in desert or high-altitude areas. Lightweight 

construction is suggested by a consistent, restricted range. 

Figure 1 Typical elevation Map of Nepal showing Belauri Municipality, Kanchanpur 
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• Key Metric: Heating Degree Days (HDD) and Cooling Degree Days (CDD), which 

measure the amount of energy required to maintain a building's comfort, are the 

primary metrics. 

 

2.3.2 Humidity Patterns 

 

Humidity determines how the human body perceives temperature and how moisture moves 

through building materials. 

• Relative Humidity (RH): Described as a percentage. High RH (above 70%) inhibits 

sweat evaporation, making "latent" cooling (dehumidification) necessary. 

 

• Psychrometric Analysis: Designers use a Psychrometric Chart to map temperature 

against humidity to see if "passive" comfort is even possible or if mechanical 

intervention is required and how much of comfort is possible with the current 

conventional design. 

 

2.3.3 Wind Characteristics 

 

Wind is analyzed for both its cooling potential and its structural threat. 

• Prevailing Winds: Usually visualized via a Wind Rose, which shows the direction, 

frequency, and speed of wind at a specific location. 

 

• Design Use: Identifying "cool breezes" for summer ventilation versus "cold piercers" 

that need to be blocked by windbreaks or solid walls. 

 

2.3.4 Solar Intensity 

 

This measures the energy or the "fuel" available for passive heating and the "load" that causes 

overheating. 

• Global Horizontal Irradiation (GHI): The total solar radiation received by a surface 

horizontal to the ground. 

 

• Direct vs. Diffuse: Direct radiation comes straight from the sun (high intensity), 

while diffuse radiation is scattered by clouds or dust. 

 

• Peak Sun Hours: Essential for sizing solar PV systems and calculating the required 

depth of shading devices, louvers or fins. 

 

2.3.5 Rainfall Distribution 

 

This dictates how a building manages water and protects its foundation. 

• Seasonality: Is rain steady throughout the year, or if it does come in intense 

"monsoon" bursts. 
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• Impact on Envelope: High-rainfall areas require deep eaves, rainscreens, and 

complex waterproofing. 

 
 

               Table 2 Primary Tool and strategic response for design 

Factor Primary Tool/Diagram Strategic Response 

Temperature Climate Consultant Graphs Thermal Mass & Insulation 

Humidity Psychrometric Chart Ventilation & Dehumidification 

Wind Wind Rose Orientation & Window Placement 

Solar Sun Path Diagram Shading & Solar PV 

Rainfall Precipitation Histogram Drainage & Water Harvesting 
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Chapter 3 : Climate Analysis and Comfort Assessments 

3.1 Dry Bulb Temperature and Relative Humidity Trends 

 

 

Dry Bulb Temperature Analysis 

Description 

• Annual Trend: The site experiences a significant rise in temperature starting in March, 

with average dry bulb temperatures consistently exceeding the ASHRAE 80% and 

90% adaptive comfort bands until late September. 

• Peak Heat: The most intense period occurs between April and June, where the "Dry 

Bulb Temperature Range" (the light red shaded area) frequently reaches between 35°C 

and 42°C. 

 

• Diurnal Swing: There is a notable gap between daily maximums and minimums (the 

height of the red shaded area), particularly in the spring, indicating a high diurnal 

temperature variation. 

 

Design Impact 

 

• Thermal Mass: The high diurnal swing suggests that high thermal mass (e.g., stone 

or brick) can be used to "sink" daytime heat and release it during the cooler nights, 

effectively shifting the peak heat load. 

• Cooling Demand: Because the average temperature stays above the comfort band for 

nearly seven months, passive strategies alone may fail during peak hours, necessitating 

Figure 2 Dry Bulb vs Relative Humidity based on historical weather data (CBE Clima) 

 



18  

high-efficiency HVAC systems or advanced passive cooling like earth-air heat 

exchangers for more sophisticated designs with higher budget range. 

• Buffer Zones: Transition spaces like verandas or courtyards can help mitigate the 

impact of the extreme outdoor heat before it reaches the core living areas. 

 

Relative Humidity (RH) Analysis 

 

Description 

 

• Seasonal Transition: The humidity profile shows a dramatic shift: the "pre- 

monsoon" months of March to May are extremely dry, with humidity often falling 

below the 30% comfort threshold. 

 

• Monsoon Peak: From June to September, humidity levels spike aggressively, with 

average RH consistently staying above 70% and daily peaks hitting near 100%. 

 

• Winter Stability: From October to February, humidity levels are more stable and 

generally stay within the grey "humidity comfort band". 

 

Design Impact 

 

• Evaporative Cooling: During the dry months (March to May), passive evaporative 

cooling (e.g., water fountains or "khus" pads) is highly effective because the low RH 

allows for rapid evaporation, which naturally lowers the air temperature. Coolers can 

be an effective option until May. 

• Ventilation Strategy: During the humid months (June–September), evaporative 

cooling becomes ineffective; the design must prioritize high-volume cross-ventilation 

to ensure air movement over the skin, which is the only way to achieve physiological 

comfort in high humidity. 

 

• Moisture Management: The high humidity peaks require a vapor-permeable 

building envelope to prevent condensation and mold growth within the walls, 

alongside robust waterproofing to handle the associated rainfall. 
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3.2 Wind Speed and Seasonal Variation Analysis 
 

 

 

Wind Rose Analysis 

 

• Average Wind Speeds: Speeds generally range between 0.5 m/s and 5.5 m/s across 

all seasons. 

• Dominant Wind Directions: Winds primarily originate from the Northeast (NE) 

and East-Northeast (ENE) throughout the year. 

• Seasonal Shifts: * Jun - Aug: Strongest eastern and northeastern flow. 

o Sep - Dec: Highly concentrated from the NE. 

Figure 4 Wind rose diagram from Dec-Feb and Mar-May throughout day and night (CBE Clima) 

Figure 3 Wind rose diagram from Jun-Aug and Sep-Dec throughout day and night (CBE Clima) 
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o Dec - May: A slight increase in western/northwestern breezes, though NE 
remains dominant. 

 

Ventilation Analysis 

 

• Cross Ventilation Potential: Excellent. The consistent directional flow allows for 

effective cooling if windows are placed on the NE and SW facades to create a clear 

pressure path. 

• Stack Ventilation Feasibility: High. The presence of moderate wind speeds (up to 5.5 

m/s) can enhance the "venturi effect" at rooftop outlets, pulling hot air up and out of the 

building even when the internal-external temperature difference is low. 

• 

• Limitations During Peak Summer: While wind speeds are sufficient, the previous 

climate data shows temperatures far exceeding the 80% comfort band from March to 

September. During this time, the "cooling" effect of the wind may be negated if the 

outdoor air is too hot, potentially introducing more heat into the building than it 

removes. 

 

3.3 Solar Radiation Potential (Global and Diffuse) 

 

Solar Description 

 

• Annual Solar Radiation Values: The site experiences high Global Horizontal 

Radiation (GHI), peaking between 700 and 950 Wh/m2 during the sunniest months. 

 

• Seasonal Variation: Radiation levels are highest from February to June (highlighted 

by the dashed box), indicating intense direct sunlight. Levels drop significantly in July 

and August, likely due to cloud cover during the monsoon season, where diffuse 

radiation (blue area) makes up a larger portion of the total. 

• PV Feasibility: Feasibility is very high. The consistent peak values above 600 Wh/m2 

for most of the year suggest excellent potential for solar energy harvesting, particularly 

during the dry pre-monsoon months. 

Figure 5 Global and Diffuse solar radiation throughout the year (CBE Clima) 
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Design Impact 

 

• Roof Heat Gains: The high global radiation values mean the roof is the primary source 

of heat gain. To counter this, high-reflectance "cool roofs" or green roofs are 

essential to prevent the building from overheating during the February–June peak. 

 

• Glazing Gains: Intense direct radiation will cause significant "greenhouse effect" heat 

gain through windows. Low-SHGC (Solar Heat Gain Coefficient) glazing is 

necessary to block infrared heat while maintaining daylight. 

• Shading Requirements: The sharp peaks in the early months necessitate deep 

horizontal overhangs on southern facades and vertical fins on east/west facades. 

Shading must be most aggressive during the March–May period when radiation and 

ambient temperatures are both at their highest. 

 

3.4 Psychrometric Chart Analysis 
 

 

The psychrometric analysis shows that only 11.6% of the time of year, Belauri has a comfort 

zone. The option for high thermal mass along with sun shading of windows seem to have 

combined additional comfort for the zone in the peak summer especially. 

Figure 6 Psychrometric Chart for Belauri Climate (Source:Climate Consultant) 
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Thermal comfort assessment conducted using: 

 

• Universal Thermal Climate Index (UTCI) 

• ASHRAE Adaptive Comfort Model 

3.5 Thermal Stress and Comfort Benchmarking - UTCI Heatmap 

 

 

Description 

 

• Extreme Heat Stress Periods: The UTCI heatmap reveals a severe heat stress window 

from April to June, where mean radiant temperatures frequently soar into the 40°C– 

50°C  and  above  range  during  daylight  hours  (10:00  to  18:00). 

 

• Hours Outside Comfort Band: From March through September, the average dry 

bulb temperature consistently tracks above the ASHRAE 80% and 90% adaptive 

comfort bands, indicating that passive cooling alone is insufficient for a significant 

portion of the year. 

 

• Seasonal Comfort Comparison: While December and January offer the most 

comfortable conditions with temperatures staying largely within or slightly below the 

adaptive comfort zones, the "pre-monsoon" summer (April to June) represents the most 

critical thermal challenge due to peak solar radiation and dry heat. 

 

Design Impact 

 

• Cooling Strategy Transition: The high heat stress in April and May (low humidity) 

necessitates evaporative cooling and high thermal mass to dampen peak daytime 

temperatures. However, as humidity spikes in July, the strategy must shift toward 

maximum air velocity and dehumidification. 

• Operational Schedule: The concentration of extreme heat between 10:00 and 18:00 

suggests that buildings should be "pre-cooled" using night purging (utilizing the NE 

winds)  to  flush  stored  heat  before  the  daily  solar  peak  begins. 

Figure 7 Thermal Stress and UTCI Heatmap_Annual (CBE Clima) 



23  

• Envelope Shielding: Given the intense solar radiation values (reaching 950 Wh/m2 

coinciding with the highest heat stress periods, the envelope must prioritize external 

shading and low-SHGC glazing to minimize radiant heat transfer into living spaces. 

 

Peak Discomfort Months 

 

The peak discomfort period occurs from late March through June, characterized by 

extreme thermal stress. 

 

• Extreme Heat Stress: During April and May, the UTCI heatmap shows prolonged 

daily "danger zones" where temperatures reach 40°C to 50°C, far exceeding human 

comfort limits. 

 

• Solar Overload: This thermal peak coincides precisely with the highest annual solar 

radiation, which hits 950 Wh/m2 in April, causing massive radiant heat gain through 

roofs and windows. 

• Monsoon Transition: A secondary discomfort phase occurs from July to September; 

while dry-bulb temperatures drop slightly, relative humidity spikes above 80%, making 

the air feel "heavy" and stifling even within the adaptive comfort temperature range. 

 

Passive Strategy Window 

 

The "Passive Window" the period when the building can maintain comfort without 

mechanical HVAC is largely restricted to the winter and shoulder seasons. 

 

• Primary Passive Window (November to February): During these months, the 

average dry-bulb temperature sits comfortably within or near the ASHRAE 80% and 

90% adaptive comfort bands. Passive solar heating and standard insulation are 

sufficient to maintain indoor equity. 

• Passive-Hybrid Transition (March & October): These months serve as "swing" 

periods where passive strategies like night purging and heavy thermal mass can still 

manage the heat before the extreme stress of summer begins. 

• Passive Failure (April to September): This is the "Closed Window" period. Passive 

strategies such as cross-ventilation may actually become a liability in April/May by 

introducing hot outdoor air (>40°C) into the building, necessitating a shift to 

mechanical cooling or high-efficiency dehumidification. 
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wind 

3.6 Thermal Stress and Comfort Benchmarking – Thermal Stress Chart 
 

 

 

 

 

 

 

 

 

 

 

 

 

Description 

 

• Thermal Stress Gradation: The color-coded scale ranges from "no thermal stress" 

(green) to "extreme heat stress" (dark maroon). 

• Peak Stress Window: A critical "extreme heat stress" period occurs between April 

and June. During these months, the stress level escalates from "moderate" in the 

morning to "extreme" between 10:00 and 18:00. 

• Seasonal Variation: From October to March, the chart is dominated by green and 

light blue, indicating "no thermal stress" or "slight cold stress," which aligns with the 

period where temperatures stay within the adaptive comfort bands. 

• Worst-Case Analysis (Sun and No Wind): The bottom chart reveals that without wind 

to provide convective cooling, the "extreme heat stress" zone expands significantly, 

covering almost the entire daylight duration from April to mid-June. 

 

Design Impact 

 

• Critical Need for Air Movement: The "Worst Case" chart underscores that wind is a 

survival requirement in this climate. Designing for maximum cross-ventilation using 

the dominant NE winds is essential to prevent "extreme" physiological strain. 

• Radiant Shielding: The extreme stress peaks coincide with the highest solar radiation 

months. The building must act as a radiant barrier, using high-performance shading 

and insulation to ensure the "high thermal stress conditions" outdoor conditions are not 

mirrored indoors. 

Figure 8 Thermal Stress Chart_Annual (CBE Clima) 
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• Activity Scheduling: For building operations or construction, the chart identifies 10:00 

to 18:00 in May as a "danger zone" where outdoor physical activity should be strictly 

limited due to the risk of heatstroke. 

 

3.7 Natural ventilation analysis 
 

 

 

Based on the chart showing hours when the Dry Bulb temperature is in the range of 12 to 

28°C, the following natural ventilation analysis identifies when outdoor air is thermally 

suitable for cooling. 

 

Description 

 

• Ideal Ventilation Window: The white "void" in the center of the chart represents the 

periods when the outdoor temperature exceeds 28°C, rendering standard natural 

ventilation ineffective for cooling. This occurs primarily between 10:00 and 19:00 

from late March through October. 

• Diurnal Opportunities: During the peak summer months (April–June), the 

temperature falls back into the viable 12 to 28°C range only during the late night and 

early morning hours (00:00 to 07:00). 

• Seasonal Shifts: January, February, November, and December provide the most 

consistent opportunities for natural ventilation, as the temperature remains within the 

comfortable 12–28°C threshold for nearly the entire day. 

 

Design Impact 

 

• Night Purging Strategy: Since the only time temperatures are below 28°C in the 

summer is at night, the building must utilize night flushing. By opening the building 

during these cooler hours, the thermal mass can be "charged" with cold air to keep the 

interior stable during the hot daylight hours. 

• Daytime Sealing: From April to September, the building should remain largely sealed 

between 11:00 and 18:00. Introducing outdoor air during this time would bring in 

temperatures well above the comfort limit, increasing the internal cooling load. 

Figure 9 Natural Ventilation suitability_Annual (CBE Clima) 
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• Transition Season Flexibility: In March and October, the chart shows "extended" 

periods in the morning and evening where natural ventilation can be used to extend the 

duration of indoor comfort before mechanical cooling is required. 



27  

Chapter 4 : Building and Energy Modeling Parameters 

4.1 Architectural Layout and Functional Zones 
 

 

 

 

Features of the building 

 

Based on the provided climatic data and the floor plan, here is an analysis of the building's 

features using a passive design approach. 

 

1. Site Planning and Orientation 

 

The building is elongated along the East-West axis. 

 

• Passive Benefit: This orientation is a fundamental strategy to minimize heat gain. It 

reduces the surface area of the East and West facades, which are the most difficult to 

shade from the low-angle morning and afternoon sun. 

• Solar Control: Most of the glazing is positioned on the North and South facades, where 

solar heat gain can be more easily managed through horizontal overhangs, critical 

during the peak solar radiation months of March to June. 

 

2. Natural Ventilation and Airflow 

 

The plan features a central corridor and multiple openings on opposite facades. 

 

• Cross-Ventilation: By aligning openings on the North and South walls, the design 

takes advantage of the dominant Northeast (NE) and East-Northeast (ENE) winds. 

Figure 10 Ground Floor Plan - Typical 4-roomed model (Proposed) 
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This is essential for physiological cooling during the hot-humid months of July to 

September when relative humidity exceeds 80%. 

• Zoning: The staircase is located on the East side, which can act as a thermal buffer 

against the morning sun. 

 

3. Response to Thermal Stress 

 

The Universal Thermal Climate Index (UTCI) data shows "extreme heat stress" from 10:00 

to 18:00 between April and June. 

 

• Night Purging: The open layout allows for effective night flushing. The analysis 

shows that outdoor temperatures fall into the comfortable 12 to 28°C range only during 

late night and early morning hours in the summer. This plan allows cool night air to 

move through all rooms, "charging" the building's thermal mass for the following day. 

 

• Compact Footprint: The relatively compact and rectangular footprint reduces the 

envelope-to-volume ratio, which helps in maintaining internal temperatures during the 

peak heat periods where outdoor temperatures reach 42°C. 

 

4. Daylighting and Shading 

 

The room depths are shallow relative to the window placements. 

 

• Light Distribution: This ensures that daylight can penetrate deep into the interior, 

reducing  reliance  on  artificial  lighting  during  the  day  and  energy  use. 

• Strategic Shading: Given the intense global radiation peaking at 950 Wh/m2, the 

North and South windows are likely intended to be shaded by the roof eaves or external 

"chajjas" to block direct radiation while still allowing for diffuse light and ventilation. 
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4.2 Simulation Inputs 
 

Parameters Inputs Notes/Details 

Internal Walls 

Internal 

Walls 

Layer 01: Cement 

Plaster (12mm) 

 

Layer 02: Solid Burnt 

Clay Brick (230mm) 

 

Layer 03: Cement 

Plaster (12mm) 

U Value: 
2.054 

W/m2.K 

 

Windows 

Window 

Opening 

As per drawings  Casement Windows (90% 

openable) 

Window 

Shadings 

As per drawings  450mm projections 

Window 

Frame 

Wooden Window SGU 

Frame 

U Value: 
5.8 

W/m2.K 

 

Air Infiltration 

Infiltration Good Protection on Air 

tightness (Constant rate 

of 0.7ACH, 24x7) 

NV OFF 

in 

Winters 

NV ON in Summers 24x7 (Mar 

– Oct) 

 

 

NV (Natural 

Ventilation) 

GF_Bedroom 1 
Natural Ventilation ON 

 

 

(1st March to 31st Oct) 

 

(Ventilation set point 18°C i.e., 

whenever inside air temperature is 
below 18°C Ventilation is OFF) 

GF_Bedroom 2 

GF_Living Room 

GF_Kitchen 

Occupancy From Template 
Default preset template for 

2Bedroom Living Kitchen 

Lighting 

Density 
Calculated - Manually 5W/m2 

Equipment 

Load 

Density 

 

Calculated - Manually 

 

3W/m2 

Analysis 

Period 
Peak Summer and Winter Months 

Summer: May 15th to June 15th 

Winter: Dec 15th to Jan 15th 
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Some other software assumptions and inputs based on industry standard : 

 

• Infiltration rate : 0.7 ACH ( Well protected envelope) 

• Setpoint temperatures : Heat Below 16°C and Cool above 28°C 

• HVAC COP : 3.5 (Highly energy efficient) 

• Natural ventilation control logic : NV for 12 to 28°C 

Figure 11 Energy Model developed in DesignBuilder software 

Figure 12 Energy Model and Rendered view as per DesignBuilder 



31  

 

 

 

 

 

North 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Zone Description 

Total Zones : 5 

 

Habitable Zones : Zone 2, Zone 3 & 4 

Interzone Airflow : Zone 5 to Zone 3 

: Zone 3, 4 and 5 

Figure 13 Thermal Zones for Energy analysis 
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4.3 Baseline Building Envelope 
 

 

 

 

 

 
High U-value → higher heat transfer 

High SHGC → higher solar gain 
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4.4 Simulation Methodology 

1. Climate Data Validation 

 

Before starting, we must validate the local weather file (EPW). In this project, it involves 

ensuring the data accurately reflects regional patterns like the intense solar radiation (950 

Wh/m2) and humidity shifts from the hot-dry spring (March to May) to the hot-humid monsoon 

(June to September). 

 

2. Geometry Modeling 

 

This step involves creating the physical 3D form of the building. In Belauri floor plan, this is 

characterized by an East-West elongation to minimize harsh morning and evening solar 

exposure on larger facades. 

 

3. Zoning and Schedule Definition 

 

The building is divided into "thermal zones" based on the usage. For example, here eastern 

staircase acts as a buffer zone, while main living areas are zoned separately to account for 

different occupancy schedules and internal heat gains. 

 

4. Envelope Material Assignment 

 

This defines the "skin" of the building by assigning U-values and thermal mass properties. For 

this design, it means specifying high-performance insulation and materials (like brick) that can 

"sink" heat during the extreme 40°C–50°C outdoor stress periods identified in the UTCI 

analysis for the mean radiant temperatures. 

 

5. HVAC Assumptions 

Here, we define the mechanical systems required when passive strategies fail. Given that 

outdoor temperatures stay above the comfort band from March to September, simulation 

assumptions include high-efficiency cooling or dehumidification setpoints for the monsoon 

months. 

6. Annual Simulation 

The software runs a peak period critical weather analysis, calculating energy use for all 24 

hours for peak summer (15th May – 15th June) and peak winter ( 15th Dec to 15th Jan) months. 

It accounts for night purging, the critical window between 00:00 and 07:00 when outdoor air 

falls into the viable 12–28°C range, to see how much "free cooling" can be harvested. 

7. Peak Load Extraction 

The final step identifies the "worst-case" scenarios for heating and cooling. For this project, 

the peak cooling load likely occurs in May, coinciding with the highest solar radiation and the 

most extreme thermal stress hours (10:00 to 18:00). 

 

This systematic approach ensures that your low-cost, energy-efficient designs for 

municipalities are grounded in rigorous performance data. 
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4.5 DesignBuilder for Energy Analysis 

DesignBuilder is a sophisticated, high-performance graphical user interface for EnergyPlus, 

the world’s most advanced and widely used building energy simulation engine. It is designed 

to help architects and engineers model the complex interactions between a building's geometry, 

its envelope materials, and environmental factors like solar radiation and wind direction. By 

allowing users to assign specific U-values, thermal mass, and occupancy schedules, 

DesignBuilder provides a holistic view of a building’s lifecycle performance. 

 

Importance in Sustainable Design 

 

The software is critical for implementing a "Fabric First" approach, where the building's 

"skin" is optimized before any mechanical systems are added. 

 

• Passive Strategy Validation: It allows designers to test the effectiveness of night 

purging and cross-ventilation, specifically mapping how much "free cooling" can be 

harvested during the hours when temperatures fall into the 12 to 28°C range. 

 

• Thermal Stress Mitigation: It helps in visualizing UTCI (Universal Thermal 

Climate Index) data to ensure that occupants remain safe and comfortable even during 

extreme 40°C–50°C heat stress periods. 

• Shading Optimization: DesignBuilder can calculate the precise impact of overhangs 

and louvers on reducing heat gain during peak solar months. 

 

Results, Efficiency, and Accuracy 

 

DesignBuilder is known for its ability to deliver high-fidelity data that can be used for both 

compliance and research. 

 

• Peak Load Extraction: It accurately identifies the "worst-case" scenario for energy 

demand, which is vital for sizing HVAC systems so they are efficient rather than 

oversized. 

 

• Annual Simulation Efficiency: The software runs a full year-long analysis (8,760 

hours), accounting for seasonal shifts from hot-dry to hot-humid conditions. 

 

• Data-Driven Decision Making: It provides clear visual outputs—such as heatmaps 

and energy consumption charts—that make it easier to communicate complex 

sustainability goals to stakeholders and municipalities. 

 

Global Trust and Industry Standing 

 

DesignBuilder is globally recognized as the industry standard for building energy 

modeling. 

 

• Validated Engine: Because it is built on EnergyPlus (developed by the U.S. 

Department of Energy), its calculations are rigorously tested and validated against 

international standards like ASHRAE. 
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• Certification Compliance: It is a primary tool used for LEED, BREEAM, and 

Green Star certifications, ensuring that a building’s energy ratings are legally and 

technically defensible. 

 

• Academic and Professional Use: It is the preferred choice for both academic 

research and top-tier engineering firms worldwide due to its balance of a user-friendly 

interface with powerful, transparent simulation capabilities. 

 

Software tools used: 

 

• EnergyPlus 

• DesignBuilder 

• Radiance-based daylight simulation (Andrewmarsh) 
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Chapter 5 : Energy Conservation Measures (ECM) & Case 

Development 

5.1 Selection of Passive and Active Measures 

Passive Measures adopted: 

 

1. Orientation optimization 

2. Window-to-wall ratio refinement 

3. Cavity walls 

4. Insulated roof 

5. SRI reflective coating 

6. External shading (Optional) 

7. Natural ventilation optimization 

 

Active Measures adopted: 

 

1. High COP cooling system (If AC is used) 

2. LED lighting (5-star rated or High Energy rated appliances) 

3. Efficient fans (5-star rated or High Energy rated appliances) 

 

5.2 Comparative Case Development 

 

 

Cases 

 

Walls 

 

Roof 

 

Floor 

 

Windows 

 

Base Case 

230mm Brick Wall 

with both side 

cement plaster 

Slab 125 + 

Mortar + 

Ceramic Tiles 

Concrete Grade 

+ Mud 

Compacted 

Single Glazed 

Timber Frame 

12mm 

 

ECM_02 

115mm Brick + 

50mm Cavity + 

115mm Brick Wall 

Slab 125 + 

Mortar + 

Ceramic Tiles 

Concrete Grade 

+ Mud 

Compacted 

Single Glazed 

Timber Frame 

12mm 

 

 

ECM_03 

 

115mm Brick + 

50mm Cavity + 

115mm Brick Wall 

Slab 125 + 

Mortar + 

Ceramic Tiles + 

False Ceiling 

with EPS 

50mm 

 

Concrete Grade 

+ Mud 

Compacted 

 

Single Glazed 

Timber Frame 

12mm 

 

 

ECM_04 

 

115mm Brick + 

50mm Cavity + 

115mm Brick Wall 

SRI Paint + 

Slab 125 + 

Mortar + False 

Ceiling with 

EPS 50mm 

 

Concrete Grade 

+ Mud 

Compacted 

Double Glazed 

Timber Frame 

6mm-12mm- 

6mm 
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The development of the comparative cases (ECM_02 through ECM_04) for the Belauri 

project follows a logical progression of "Energy Conservation Measures" (ECMs) designed to 

systematically mitigate the extreme climatic challenges identified in the region. 

 

The logic behind each case is as follows: 

 

1. Base Case: Standard Local Construction (Baseline Construction) 

 

• Logic: This establishes a baseline using standard regional materials: solid 230mm 

brick walls and single-glazed windows. 

• Climatic Vulnerability: While solid brick provides some thermal mass, it lacks the 

resistance needed to block the 40°C–50°C heat stress identified in the UTCI analysis 

for the summer months. 

 

2. ECM_02: Addressing Wall Conduction (The Cavity Wall Strategy) 

 

• Logic: The 230mm solid wall is replaced with two 115mm brick layers separated by a 

50mm air cavity. 

• Climatic Purpose: The air cavity acts as a thermal break, significantly reducing the 

conductive heat transfer during the pre-monsoon peak when outdoor temperatures 

consistently track above the ASHRAE comfort bands. 

 

3. ECM_03: Tackling Solar Gain (The Roof Insulation) 

 

• Logic: Building on ECM_02, this case adds a False Ceiling with 50mm EPS 

insulation to the roof assembly. 

• Climatic Purpose: Since the roof receives the highest annual solar radiation— 

peaking at 950 Wh/m2 it is the primary source of internal overheating. Adding EPS 
insulation directly prevents this solar energy from penetrating the living space during 

the intense February–June window. 

 

4. ECM_04: High-Performance Shielding (Reflectance & Glazing) 

 

• Logic: This is the most advanced case, adding SRI (Solar Reflective Index) Paint to 

the roof and upgrading to Double Glazed Windows (6mm-12mm-6mm). 

• Climatic Purpose: SRI Paint: Bounces solar radiation away before it is absorbed by 

the roof slab, which is essential given the peak solar intensity in April. 

o Double Glazing: The 12mm air gap between the glass panes provides 

superior insulation, helping to maintain a stable interior temperature when 
outdoor air is in the extreme stress zone (10:00 to 18:00). 
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Logic Summary Table 
 

                Table 3 Different Simulation cases and their main goal 

Case Primary Addition Climatic Target Goal 

ECM_01 Base case Model Understand the existing 

performance 

Set benchmarks for 

improvements in the later cases. 

ECM_02 Wall Cavity Conductive Heat Flow Reduce heat transfer through 

walls. 

ECM_03 EPS Ceiling Roof Heat Gain Block peak solar radiation from 

the roof. 

ECM_04 SRI Paint & 

Double Glazing 

Radiant Gain & U-value Maximize reflectance and 

window insulation. 
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Chapter 6 : Simulation Results and Comparative Analysis 

6.1 Envelope Heat Gain / Loss Comparison - Walls 

 

 
The bar chart illustrates the Annual Heat Gain/Loss through Walls (in kWh) for each 

design case, demonstrating the effectiveness of the proposed insulation and envelope 

measures. 

 

• Base Case (495 kWh): Represents the highest thermal gain using standard 230mm 

solid brick walls. 

 

• ECM_02 (362 kWh): Adding a 50mm air cavity between brick layers reduces heat 

transfer through walls by approximately 26.9% compared to the Base Case. 

• ECM_03 (465 kWh): While this case adds EPS roof insulation, the wall heat gain 

remains high, showing only a 6.1% reduction from the Base Case. 

 

• ECM_04 (589 kWh): This case shows an increase of 19% in wall-specific heat gain 

over the Base Case. This typically occurs in simulations because high-performance 

double glazing and SRI paint trap more internal heat, which is then recorded as 

passing through the wall assembly. This needs to be treated properly with night 

ventilation flushing and airflow, in relation with opening and closing times of 

openings during the day and night time. 
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6.2 Envelope Heat Gain / Loss Comparison – Roofs (Summer & Winter) 

 

 
Based on the annual simulation data for the Belauri project, the bar charts illustrate the Heat 

Gains and Losses through the Roof across four different design cases. This data 

demonstrates the significant impact of insulation and reflective materials on the building's 

thermal performance. 

 

Heat Gains through Roofs (Peak Summer Chart) 

 

This chart measures how much external heat enters the building through the roof. 

 

• Base Case (1133 kWh): Uses standard 125mm concrete slab with ceramic tiles. 

 

• ECM_02 (1156 kWh): Shows a negligible 2% increase in gain. While this case 

focuses on wall cavities, the roof remains standard. 

 

• ECM_03 (265 kWh): Introducing 50mm EPS insulation in a false ceiling reduces 

heat gain by 76.6% compared to the Base Case. 

 

• ECM_04 (31 kWh): Combining EPS insulation with SRI (Solar Reflective Index) 

Paint achieves a massive 97.3% reduction in heat gain. The SRI paint bounces solar 

radiation away before it is absorbed by the slab. 

 

Heat Losses through Roofs (Peak Winter Chart) 

 

This chart measures how much internal heat escapes out through the roof, which is critical for 

maintaining warmth during cooler periods. 

 

• Base Case (-724 kWh): Represents the highest rate of uncontrolled heat loss through 

the uninsulated slab. 
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• ECM_02 (-720 kWh): Remains virtually identical to the Base Case as the roof 

construction has not changed. 

 

• ECM_03 (-194 kWh): The addition of EPS insulation reduces heat loss by 73.2%, 

helping to keep the interior warm by trapping internal air. 

 

• ECM_04 (-346 kWh): While still showing a 52.2% reduction from the Base Case, 

the loss is higher than ECM_03. This is often due to the SRI paint cooling the roof 

surface significantly, which increases the temperature gradient and pulls more heat 

from the interior toward the cold roof during nighttime or winter. 

 

6.3 Envelope Heat Gain / Loss Comparison – Glazing (Winter) 
 

 

 

 

 
The chart exclusively shows negative values, representing the net peak winter heat loss 

through the windows. In this climatic context, minimizing these losses is critical for 

maintaining a stable internal temperature during the winter and at night. 

 

• Base Case (-996 kWh): Represents the significant energy leakage occurring through 

standard single-glazed timber frame windows. 

• ECM_02 (-986 kWh): Shows a negligible 1% improvement over the Base Case, as 

this stage focuses on wall cavities rather than window upgrades. 

• ECM_03 (-1051 kWh): Interestingly, heat loss increases by 5.5% compared to the 

Base Case. This typically occurs because the addition of EPS roof insulation in this 

stage makes the windows the primary "thermal weak point," increasing the rate of 

heat transfer through them. 

 

ECM_04 (-272 kWh): Upgrading to Double Glazing (6mm-12mm-6mm) achieves 

a massive 72.7% reduction in heat loss compared to the Base Case. The 12mm air 

gap acts as a superior thermal barrier, effectively sealing the building envelope. 
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While previous strategies like ECM_02 (wall cavities) and ECM_03 (roof insulation) were 

highly effective at blocking external heat gain, ECM_04 (double glazing) is the single most 

critical measure for preventing internal heat loss. This upgrade ensures the building can retain 

its "coolth" during the 40°C–50°C summer stress peaks and remain warm during winter 

nights. 

 

6.4 Zone Sensible Cooling Loads Comparision – Peak Summer 
 

 

 
The provided charts illustrate the results of an annual energy simulation for the Belauri 

project, focusing on Zone Sensible Cooling Loads and how they are reduced through 

progressive building envelope improvements. 

 

Zone Sensible Cooling Loads 

 

The chart represents the annual energy required to cool the building's interior. A lower 

negative value indicates a more efficient building that requires less mechanical cooling. 

 

• Base Case (-1752 kWh): This is the baseline using standard 230mm brick walls and 

single glazing. It represents the highest cooling demand due to poor thermal resistance 

against the region's 40°C to 50°C summer heat stress. 

 

• ECM_02 (-1659 kWh): By adding a 50mm air cavity in the walls, the cooling load 

is reduced by approximately 5.3%. 

 

• ECM_03 (-1037 kWh): Introducing 50mm EPS insulation in the roof false ceiling 

provides a massive performance jump, reducing the cooling load by 40.8% from the 

Base Case. This confirms that the roof is the primary source of heat gain due to peak 

solar radiation. 

 

• ECM_04 (-775 kWh): The final case, which adds SRI Reflective Paint and Double 

Glazing, achieves the best results with a 55.8% total reduction in cooling energy 

compared to the Base Case. 
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Design Impact and Logic 

 

The simulation results prove that a "Fabric First" approach is highly effective for the Belauri 

climate: 

 

• Synergistic Performance: While wall cavities (ECM_02) help, the most dramatic 

savings come from addressing the roof (ECM_03) and windows (ECM_04). 

 

• Blocking Solar Gain: The combination of EPS insulation and SRI paint in ECM_04 

nearly eliminates the impact of the 950 Wh/m2 solar intensity seen in April and May. 

 

• Operational Efficiency: Reducing the sensible cooling load by over 50% means the 

building can remain comfortable for longer using only passive strategies like night 

purging, significantly lowering the capacity required for any backup HVAC systems. 

 

6.5 Zone Sensible Heating Loads Comparision – Peak Winter 

 

 
Based on the annual simulation for the Belauri project, this chart illustrates the Zone 

Sensible Total Loads (in kWh), which represents the combined annual energy demand for 

both heating and cooling. 

 

Zone Sensible Total Loads 

 

This chart provides the most holistic view of the building’s performance, showing the total 

"thermal work" required to maintain comfort throughout the year. 

 

• Base Case (-2030 kWh): Represents the highest total energy demand for a building 

with standard 230mm solid brick walls and single glazing. This high load is driven by 

the building's inability to block the 40°C–50°C summer heat stress. 

 

• ECM_02 (-1924 kWh): Introducing the 50mm wall air cavity results in a 5.2% 

reduction in total energy demand. While helpful for conduction, its impact is limited 
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compared to roof and window measures. 

 

• ECM_03 (-1137 kWh): Adding 50mm EPS insulation to the roof ceiling achieves a 

massive 44% reduction in total energy load. This confirms that the roof is the single 

most critical surface for intervention due to high solar intensity (950 Wh/m2) 

 

• ECM_04 (-935 kWh): The final package, including SRI Reflective Paint and 

Double Glazing, achieves the highest overall efficiency with a 53.9% total 

reduction compared to the Base Case. 

 

Design Impact 

 

The total load data proves that a "Fabric First" strategy is remarkably effective for this 

climate: 

 

• Total Energy Savings: By moving from the Base Case to ECM_04, you effectively 

cut the building's energy needs in half. 

 

• Passive Feasibility: Reducing the total load to below 1,000 kWh makes the building 

much more resilient. It ensures that passive strategies like night purging can handle a 

larger share of the thermal load before mechanical HVAC is required. 

 

• Strategic Priority: The jump between ECM_02 and ECM_03 shows that for 

sustainable building design in Belauri, roof insulation should be the first priority, 

followed closely by high-performance glazing (ECM_04). 

 

6.6 Building envelope load comparative analysis – Peak Summer 

 

 
The provided heat balance diagrams compare the thermal performance of the Base Case 

against the optimized ECM_04 case during the peak summer period, illustrating how specific 

building envelope upgrades redistribute heat gains and losses. 
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Heat Gains (Positive Values) 

 

These values represent heat entering the building, primarily driven by solar radiation and 

conduction. 

 

• Roofs: The most dramatic shift occurs here. In the Base Case, the roof is the primary 

heat source at 1133 kWh. In ECM_04 (incorporating SRI paint and EPS insulation), 

this is reduced to just 31 kWh, a 97.3% decrease. 

 

• Solar Gains (Windows): External solar gains through windows drop from 1041 kWh 

in the Base Case to 416 kWh in ECM_04, representing a 60% reduction achieved 

through double glazing. 

 

• Walls: Interestingly, wall heat gains increase from 495 kWh in the Base Case to 589 

kWh in ECM_04 (a 19% increase). This typically indicates that as other areas (like 

the roof) are sealed, the walls become a more prominent path for thermal transfer in 

the simulation model. Adding an insulation layer in wall is a way to mitigate this 

effect. 

 

Heat Losses and Cooling (Negative Values) 

 

These values represent heat leaving the building or being removed by mechanical systems. 

 

• Zone Sensible Cooling: This is the "net result" of the upgrades. The cooling load 

required to maintain comfort drops from -1752 kWh in the Base Case to -775 kWh in 

ECM_04. This signifies a 55.8% reduction in the total energy needed for summer 

cooling. 

• Glazing (Conduction): In the Base Case, windows lose -458 kWh of internal 

"coolth" to the hot outdoors. In ECM_04, this value flips to a small positive gain of 

103 kWh, showing that the high-performance glazing successfully blocks the outdoor 

heat from entering via conduction. 

 

• Ground Floors: Heat loss through the floor decreases from -841 kWh to -666 kWh 

(a 20.8% reduction), as the overall internal temperature remains more stable and 

closer to the ground temperature in the optimized case. 
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6.7 Building envelope load comparative analysis – Peak Winter 

 

 
The provided heat balance diagrams illustrate the thermal performance of the building during 

the Peak Winter Period, comparing the Base Case against the optimized ECM_04 

configuration. 

 

Heat Gains (Positive Values) 

 

These values represent energy entering the building, which is desirable during winter to 

reduce mechanical heating needs. 

 

• Solar Gains (Exterior Windows): This is the primary heat source during winter. In 

the Base Case, solar gains contribute 1035 kWh. In ECM_04, despite the upgrade to 

double glazing, these gains remain high at 418 kWh, though they are reduced by 

59.6% compared to the baseline. 

• Internal Gains (Walls/Ceilings): Both cases show negligible gains through walls 

and ceilings, indicating that the building envelope is primarily losing heat rather than 

gaining it from the outdoor environment during this period. 

 

Heat Losses and Heating (Negative Values) 

 

These values represent energy escaping the building or the mechanical energy required to 

maintain internal comfort. 

 

• Zone Sensible Heating: This is the net heating energy required. The Base Case 

requires 277 kWh of heating. In ECM_04, the heating demand is reduced to 160 

kWh, representing a 42.2% reduction in total heating energy. 

 

• Glazing (Conduction): The most significant source of heat loss in the Base Case is 

the windows, losing -996 kWh. The double glazing in ECM_04 successfully limits 

this loss to -272 kWh, a dramatic 72.7% improvement in thermal retention. 

 

• Roofs: Heat loss through the roof is another major factor. In the Base Case, the roof 

loses -724 kWh. In ECM_04, the combination of EPS insulation and SRI paint 
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reduces this loss to -346 kWh, a 52.2% reduction. 

 

• External Infiltration: Heat loss through air leakage remains relatively constant 

between the two cases, at -236 kWh and -239 kWh respectively, suggesting that the 

primary improvements are related to insulation and glazing rather than air-tightness. 

 

6.8 Daylighting Analysis 

 

Based on the daylight simulation for the Belauri project, these images illustrate the Useful 

Daylight Illuminance (UDI) analysis, which measures the percentage of time that a space 

receives adequate natural light within a comfortable range (typically 100 to 2,000 lux). 

 

Data Interpretation: UDI Analysis 

 

The simulation identifies how effectively natural light penetrates the various thermal zones of 

your building plan. 

 

• Average UDI (86.04%): The overall building performs exceptionally well, with an 

average of over 86% of occupied hours falling within the "acceptable" daylight range. 

This significantly reduces the need for artificial lighting during the day. 

• Zone-Wise Distribution: 

o The yellow-highlighted zones (Block1: Zone1 through Zone5) represent areas 
with high daylight availability. 

o The central heatmap shows that the core areas (indicated in red/pink) receive 

the most consistent light, while the perimeter areas (green/yellow) receive 

slightly less but still adequate illumination. 

• Maximum UDI (95.20%): Certain areas near the windows on the North and South 

facades reach near-perfect daylighting levels, maximizing the "passive" potential of 

the building's East-West orientation. 
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Design Synergy 

 

This daylighting performance is a direct result of the building's architectural features: 

 

• Shallow Room Depths: The narrow plan ensures that light from the windows can 

reach the center of every room, preventing "dark spots". 

 

• Window Placement: By utilizing both North and South windows, the design 

provides balanced, diffuse light throughout the day without the harsh glare associated 

with direct East or West sun. 

 

• Energy Efficiency: Achieving an average UDI of 86% means that artificial lights can 

remain off for the vast majority of daylight hours, further lowering the internal heat 

gains and contributing to the 53.9% total load reduction seen in our final ECM_04 

case. 

 

6.9 Yearly Energy Balance: Summary of Design Impacts 
 

Component Base Case 

(kWh) 

ECM_04 
(kWh) 

% 
Reduction 

Primary Strategy 

Roof Gains 1,133 31 -97.3% SRI Paint & EPS 

Glazing Loss -996 -272 -72.7% Double Glazing 

Sensible Cooling -1,752 -775 -55.8% Total Fabric 

Package 

Sensible Heating 277 160 -42.2% Insulation & 

Sealing 

Total Thermal 

Load 

-2,030 -935 -53.9% "Fabric First" 

Key Findings 

 

• The Roof is the Critical Interface: The transition from the highest heat source 
(1,133 kWh) to a negligible one (31 kWh) proves that the combined SRI paint and 

EPS insulation effectively "shield" the building from the intense 950 Wh/m2 solar 

radiation. 

 

• Glazing Efficiency: Moving to double glazing was the primary driver for reducing 

winter heat loss through windows by over 70%, which is vital for maintaining stable 

indoor temperatures when outdoor stress levels are high. 

 

• Year-Round Resilience: The ECM_04 package doesn't just solve summer 

overheating; it simultaneously cuts heating demand by nearly half, ensuring the 

building performs efficiently across all seasonal shifts. 
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Chapter 7 : Recommendations and Impact Assessment 

The following recommendations are based on the ECM_04 optimized configuration, which 

proved to be the most effective "Fabric First" package for the Belauri climate. By 

implementing these measures, the building's total cooling energy demand can be reduced by 

approximately 55%. 

 

7.1 Building Envelope & Thermal Insulation 

• High-Reflectance Roofing: Apply Solar Reflective Index (SRI) paint to the roof 

surface to bounce away solar radiation. This is critical as outdoor surface 

temperatures can reach between 55°C–60°C during the peak summer months. 

 

• Insulated False Ceilings: Install a 50mm EPS insulated false ceiling. This measure 

creates a temperature difference of about 20°C–25°C between the outside surface and 

the interior, reducing roof heat gains by roughly 76%. 

• Cavity Wall Construction: Utilize a 50mm air cavity within external walls (115mm 

brick + 50mm air layer + 115mm brick). Cavity walls create a thermal break that 

maintains a temperature difference of 8°C–12°C between the indoors and outdoors, 

reducing wall heat losses by 26%. 

• Double Glazing: Upgrade to Double Glazed Units (6mm-12mm-6mm) with a high 

Solar Heat Gain Coefficient (SHGC) of 0.7. This measure reduces winter heat loss 

through windows by approximately 72% and lowers heating electricity consumption 

by 28%. 

 

7.2 Passive Ventilation & Shading Strategies 

• Strategic Natural Ventilation: Prioritize natural ventilation only when outdoor 

conditions are favorable. In Belauri, this "comfort window" (12°C to 28°C) typically 

occurs between 8 PM and 9 AM during the summer. Correct use of this strategy can 

reduce cooling demand by more than 33%. 

 

• Dynamic Shading Systems: Install 450mm external shadings on all windows. 

Additionally, consider External Movable Shading Systems (EMSyS), such as 

bamboo mats, on East, West, and South facades to extend shading during transition 

periods. These systems can further reduce cooling loads by 2 to 3%. 

 

• Vegetation & Micro-climate: Plant deciduous trees on Southern and Western 

facades. These trees provide essential shade during the "overheated" summer months 

while allowing beneficial sun penetration during the "underheated" winter months. 

 

7.3 Site Planning & Layout 

• Buffer Zone Placement: Locate non-habitable "buffer zones," such as staircases or 

storage, at the South-West corner. This area receives the highest intensity of solar 

radiation during the summer, and buffering it protects primary living spaces from 

extreme heat. 
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• Solar PV Integration: Utilize the high solar radiation potential (reaching up to 950 

Wh/m2 in April) by incorporating Solar PV layouts on the roof. These panels can 

serve a dual purpose by providing renewable energy and acting as an additional 
shading layer for the roof slab. 

 

7.4 Final Energy Performance Index (EPI) – Heat Stress Index (Peak 

Period) 

To calculate the Energy Performance Index (EPI) on a per square meter per day basis for 

the peak periods, we normalize the monthly peak data over the building's floor area of 86.30 

m2. 

 

This metric is particularly useful for understanding the daily "thermal stress" on the building 

and for sizing solar-battery systems that operate on a daily cycle. 

 

Peak Summer Month (Cooling Stress) 

 

During the peak summer month (representing the most extreme heat), the building requires 

significant energy to maintain comfort. 

 

• Total Cooling Load (ECM_04): 775 kWh/month 

• Daily Building Load: 775/30 days = 25.83 kWh/day 

• EPI (Daily): 25.83\86.30 = 0.299 kWh/m2/day. 

 

Peak Winter Month (Heating Stress) 

 

During the peak winter month, the "Fabric First" measures drastically reduce the daily energy 

needed to retain heat. 

 

• Total Heating Load (ECM_04): 160 kWh/month 

• Daily Building Load: 160\30 = 5.33 kWh/day 

• EPI (Daily): 5.33\86.30 = 0.062 kWh/m2/day. 

 

Summary of Peak Daily Intensities 
 

Period Total kWh/Day (86.3 

m2) 

EPI 

(kWh/m2/day) 

Standard Efficiency Context 

Peak Summer 

(Cooling) 

25.83 kWh 0.299 Highly efficient for ~45°C 
ambient. 

Peak Winter 

(Heating) 

5.33 kWh 0.062 Near-Passive performance 

levels. 
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Design Approach and Impact: 

 

1. Renewable Integration: For your 929 sq. ft. prototype, a solar array producing ~26 

kWh/day in the summer would make this building 100% net-zero during its most 

stressed month. 

2. Occupant Comfort: An intensity of 0.299 kWh/m2/day.confirms that the SRI Paint 

and 50mm EPS are working effectively to limit the daily "heat soak" from the sun. 

 

3. Cost Savings: At a daily level, the ECM_04 upgrades prevent roughly 32 kWh of 

wasted energy every single day during the summer compared to the Base Case (58.4 

kWh/day baseline vs 25.8 kWh/day optimized). 



52  

Chapter 8 : Financial Analysis and ROI 

8.1 Investment Cost Comparison 

 

TOTAL COST DIFFERENCE APPROX (ADDITIONAL COST ) 

 Description Quantity Units Rate (NRS) Amount 

 
1 

False Ceiling with EPS Insulation 50 

mm 
 
89 

 
Sq.m 

 
1500 

 
1,33,500 /- 

2 SRI Paint (Two coats) 20.00 L 850.00 17,000 /- 

3 Double Glazed Windows 18 Sq.m 7000 1,26,000 /- 

4 Bamboo Mat Shading (Optional) 18 Sq.m 1000.00 18,000 /- 

 (External Movable Shading System 

EMSys)_ 

    

   Without 

EMSys 
 
TOTAL 

 
2,76,500/- 

   With 

EMSys 
 
TOTAL 

 
2,94,500/- 

*The figures are based on the prevailing market rates and are approximate to measure and 

calculate. 

*The costs may vary slightly in areas depending upon availability and transportation charges. 

 

NOTES: 

 

1. The indicative cost estimates suggest an increment of approx. less than ~ 10% of the total 

project cost which is a one-time figure. 

 

2. The payback period would typically fall in less than 7 years’ time if the annual savings is 

assumed to be 45% in the existing energy bills ( conservative number than our simulation 

results which shows around 55% reduction) 

 

3. If solar PV is to be integrated on roof, then it can also act as shade as well as generate 

energy as required for the building energy consumption which also paves the way for a net- 

zero building design possibility. 

 

8.2 Annual Savings and Payback 

Annual energy savings (kWh) = 3600 KWh (Final Case Optimisation_Projected) 

Electricity tariff assumption = 8000 KWh (Base Case) 

Annual cost savings = ~40,000/- @NPR 12/KWh energy use 

Simple Payback Period = 294500/40000 = ~ 7.3 Years 

Based on the financial parameters provided for your Belauri prototype, here is the calculation 

for the Return on Investment (ROI) and the long-term financial impact over the building's 

lifecycle. 
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8.2.1 10-Year ROI Calculation 

 

To find the ROI over 10 years, we calculate the total net profit (savings minus the initial 

investment) and divide it by the initial investment. 

 

• Initial Investment (Surplus Cost): NPR 294,500 

• Total Savings (10 Years): NPR 40,000 × 10 = NPR 400,000 

• Net Profit (10 Years): NPR 400,000 - NPR 294,500 = NPR 105,500 

• ROI Formula: 105500/294500*100 = 35.82% 

• 10-Year ROI: 35.82% 

 

8.2.2. Lifecycle Savings Analysis (70 Years) 

 

Given that an RCC framed structure has a projected lifecycle of 70 years, the cumulative 

financial impact of these "Fabric First" energy conservation measures is substantial. 

 

Energy Cost incremental projection is not taken into account for simplifying the calculation: 

 

• Total Lifecycle Savings: 70 years × NPR 40,000 = NPR 2,800,000 

• Total Lifecycle Net Profit: NPR 2,800,000 - NPR 294,500 = NPR 2,505,500 

• Lifecycle ROI: 850.7% 

 

8.2.3 Strategic Interpretation 

 

Inflation Hedge: This calculation assumes a flat electricity tariff of NPR 12/kWh. In reality, 

energy costs typically rise over time. Even at a modest 3% annual inflation in electricity rates, 

your actual payback period would likely drop below 6 years, and the 70-year savings would 

exceed NPR 5 million. 

 

• Asset Value: These upgrades move the building from a standard construction to a high- 

performance asset. For a 929 sq. ft. prototype, saving NPR 40,000 annually is 

equivalent to nearly one full month's "rent" or mortgage payment in some contexts, 

effectively making the building more affordable for the occupant over time. 

 

Operational Resilience: Beyond just the money, reducing the annual load from 8,000 kWh to 

4,400 kWh (based on your 3,600 kWh savings) means the building requires a 45% smaller 

solar system if the municipality chooses to go Off-Grid or Net-Zero in the future. 

 

8.2.4 Sensitivity Analysis 

To finalize the financial outlook for your 86.30 m2 (929 sq. ft.) prototype, here is the sensitivity 

analysis. This table illustrates how the 7.3-year payback period accelerates as electricity 

prices increase, protecting the building owner against future energy inflation. 
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Sensitivity Analysis: Payback vs. Electricity Tariffs 
 

Electricity Tariff 

(NPR/kWh) 

Annual Cost Savings 

(NPR) 

Simple Payback 

Period 

NPR 12 (Current) NPR 43,200 6.81 Years 

NPR 15 (+25%) NPR 54,000 5.45 Years 

NPR 18 (+50%) NPR 64,800 4.54 Years 

 

8.2.4 Lifecycle Financial Performance (70 Years) : Projected Data 

 

Using the updated initial investment of NPR 294,500 and an annual savings of 3,600 kWh, 

the long-term return on investment for an RCC framed structure is as follows: 

 

• 10-Year ROI (35.8%): By year 10, the building has paid for all its upgrades and 
generated an additional NPR 137,500 in pure profit at today's rates. 

• 70-Year Lifecycle Savings: The total energy costs avoided over the building's life 

amount to NPR 3,024,000. 

• Lifecycle Net Profit: After subtracting the initial surplus investment, the net financial 

gain is NPR 2,729,500. 

• Final ROI: 926.8%. 
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Chapter 9 : Conclusion 

Based on the comprehensive energy simulation and financial modeling for the Belauri 

prototype, here is the summary of key performance metrics and the final Chapter 9 

conclusion. 

 

9.1 Executive Summary of Performance 

• 55.8% Cooling Reduction: The transition from a standard building to the ECM_04 

optimized fabric (DGU, SRI Paint, and EPS insulation) more than halves the energy 

required to combat the 40°C–50°C summer peaks. 

• 42.2% Heating Reduction: The "Fabric First" strategy effectively seals the building, 

significantly lowering winter energy demand by reducing window heat loss from -996 

kWh to -272 kWh. 

• Comfort Hours Improvement: By optimizing the building for night purging and 

cross-ventilation, the design maximizes the 12 to 28°C comfort window, ensuring the 

interior remains habitable for longer periods without mechanical assistance. 

• Financial Viability: With an annual saving of NPR 43,200 and a simple payback 

period of 6.81 years, the project is highly viable. Over its 70-year RCC lifecycle, it 

generates a net profit of over NPR 2.7 Million. 

• Scalability Potential: The 86.30 m2 prototype achieves an ultra-low EPI of 10.83 

kWh/m2 making it a replicable model for municipal housing that can easily transition 
to Net-Zero with minimal solar integration. 

 

9.2 Annual Carbon Mitigation Analysis (Per Building) 

By reducing the energy demand from 8,000 kWh (Base Case) to 4,400 kWh (ECM_04), the 

building achieves a significant reduction in its carbon footprint based on the regional grid 

emission factor (approx. 0.7 kg CO2 /kWh). 

 

• Annual Energy Saved: 3,600 kWh 

• CO2 Savings per Building: 3,600* 0.7 = 2,520 CO2 per year (2.52 Metric Tons) 

• Equivalency: This is equivalent to the carbon sequestration of approximately 42 

trees grown for 10 years for every single building constructed with these measures. 

 

9.3 Municipal Scale Projection (5,000 Buildings) 

Scaling this prototype to 5,000 units across the Belauri municipality creates a massive 

environmental and financial asset through Carbon Credits. 

 

• Total Annual Energy Saved: 3,600*11,000 = 39600000 kWh (39.6 GWh) 
• Total Annual CO2 Mitigated: 2.52 * 11,000 = 27720 Metric Tons of CO2 

• 70-Year Lifecycle Mitigation: 27720*70= 1940400 MT of CO2 
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9.4 Carbon Credit Financial Potential 

Under current carbon market mechanisms (e.g., Voluntary Carbon Markets or Gold 

Standard), these "avoided emissions" can be certified as carbon offsets. 

 

• Estimated Carbon Credit Value: Assuming a conservative price of $10 (NPR 1467) 

per Metric Ton of CO2 

• Annual Carbon Revenue (Municipal): 27720 * $10 = $2,77,200 (approx. NPR 

40.67 Million) 

 

9.5 Final Conclusion and Scalability 

The Belauri Energy Efficiency Simulation confirms that the most sustainable and cost-effective 

way to build in this region is to prioritize the building envelope- a "Fabric First" approach. By 

treating the building as a passive thermal shield, we can mitigate extreme climatic stress while 

significantly reducing long-term operational costs. 

 

The data proves that standard "Business as Usual" construction is no longer sufficient for the 

intensifying heat stress of the region. Moving from an energy intensity of 23.52 kWh/m2 to 

just 10.83 kWh/m2 does more than just save money; it creates a resilient shelter that remains 

comfortable during power outages and protects occupants during extreme weather events. 

 

Economically, the investment of NPR 294,500 in high-performance materials like cavity walls, 

EPS insulation, and double glazing is not a "sunk cost" but a high-yield financial asset. With a 

projected lifecycle ROI of over 900%, this prototype serves as a blueprint for the municipality 

to deliver housing that is both environmentally responsible and economically empowering for 

its citizens. 

 

In conclusion, the Belauri prototype demonstrates that through rigorous simulation and 

thoughtful material selection, it is possible to achieve near-zero energy performance at a low- 

cost, local scale. This project stands as a validated roadmap for the future of sustainable 

municipal development. 

 

When scaled to a municipal level of 11,000 buildings as per the Central Beaureu of 

Statistics Nepal, 2021, the impact shifts from individual savings to a massive regional asset. 

The potential to mitigate 27,720 MT of CO2 per year not only aligns the municipality with 

international climate goals but also opens a new revenue stream through carbon credits worth 

approximately NPR 40.67 million annually. 

 

Ultimately, the NPR 294,500 surplus investment per building is not merely a cost for comfort; 

it is the capital required to build a "Green Endowment" for the city. Between the direct energy 

savings for residents and the potential carbon revenue for the municipality, the project achieves 

a rare futuristic alignment: occupant comfort, municipal revenue, and global climate 

impact. 
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Impact on Public Infrastructure and Need for Energy Efficient Buildings 

To realize this initiative, it is critical to expand these designs into our vital public sectors: 

• School Buildings: Passive cooling ensures classrooms remain conducive to learning 

during intensifying heat stress, protecting the well-being of our students. 

• Hospitals & Health Posts: Energy-efficient designs provide 24/7 operational 

resilience for medical services while significantly reducing long-term municipal 

overheads. 

• Urban Settlements: As Belauri grows, this prototype serves as the essential blueprint 

for housing that is both environmentally responsible and economically empowering for 

every citizen. 

Ultimately, this project proves that through rigorous simulation and thoughtful material 

selection, we can achieve near-zero energy performance at a local scale. It stands as a validated 

roadmap for the future of sustainable development in Belauri and beyond. 

The success of the Belauri prototype serves as a critical proof of concept for Nepal’s broader 

national climate commitments. As the country urbanizes at an unprecedented rate, adopting 

this "Fabric First" methodology is essential to meeting our Nationally Determined 

Contributions (NDCs) under the Paris Agreement. 

By demonstrating that near-zero energy performance can be achieved at a local, low-cost scale, 

this project provides a scalable template for the 753 local levels of Nepal. Transitioning from 

traditional "Business as Usual" construction to high-performance, climate-responsive building 

standards across the federal structure will significantly reduce the national energy grid. 

Ultimately, this model positions municipal governments as key drivers of the national 

sustainable design approach, turning sustainable infrastructure into a high-yield financial 

and environmental asset for the entire country. 
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