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Urbanization is a major contributor to the global carbon footprint, with the building sector
alone responsible for a significant share of emissions. In developing countries like India, the
residential sector ranks just behind industry in carbon emissions. This paper focuses on the
role of individual households in addressing this issue by adopting simple, affordable, and
practical strategies to reduce emissions. It discusses common lifestyle-based activities, such
as water and electricity usage, transportation, and daily household practices, and introduces
ways to modify them to lower carbon output. Techniques like grey water reuse, use of passive
design, roof gardens, and the adoption of solar energy are also explored. The paper emphasizes
that change at the household level, though small in scale, can collectively make a meaningful
difference. These solutions aim to be cost-effective, easy to implement, and suitable for
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1. Introduction

Urbanization is one of the major reasons behind the increase in global carbon emissions. Around 55% of the world’s
population currently lives in urban areas (United Nations, Department of Economic and Social Affairs, Population
Division, 2019), and rapid urban growth has resulted in increased energy consumption, transportation demand, resource
exploitation, and greenhouse gas emissions. Although urban areas occupy only a small percentage of the earth’s surface,
which is about 2% (Guo, Zhoa, Liu, & Zhang, 2024), they contribute a major share of global greenhouse gas emissions.
The building sector contributes significantly to global energy consumption and carbon emissions. Residential and
commercial buildings together are responsible for a large portion of greenhouse gas emissions associated with heating,
cooling, lighting, cooking, and electricity usage (UNEP). In India, the residential sector is one of the major contributors
to greenhouse gas emissions after the industrial sector (ICLEI, 2009).

The increasing demand for housing, energy-intensive lifestyles, dependence on private transportation, excessive water
consumption, and changing consumption patterns have further increased emissions from the residential sector. Therefore,
there is a need to understand how household-level activities contribute to carbon emissions and identify practical solutions
that can be adopted in everyday life.

This study focuses on household-scale interventions and low-carbon practices that are simple, affordable, and easy to
implement. The study highlights how small behavioral and infrastructural changes at the residential level can collectively
contribute toward reducing urban carbon emissions.

Aim: “To understand the impact of carbon emission due to residential sector and have a discussion over the ways to reduce
the emission.”

Objective:

1. To review the literature and get an overview of the residential sector’s contribution in carbon emission.

2. To review and understand the low carbon emission and its impacts on household level activities.

3. To identify few techniques to minimize the carbon emission with changes in life style.

Research gap:

Existing studies mainly focus on carbon emissions at urban scale, neighborhood scale, or individual building level
independently. However, there is limited research focusing on the relationship between household-level interventions and
their cumulative impact on urban carbon emissions (Jamali, Taghizadeh, & Arbab, 2025).
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Most studies discuss technological or policy-level approaches, while comparatively fewer studies emphasize practical
lifestyle-based interventions that can be implemented by average households with limited financial investment.

Scope:

» The study focuses on residential sector emissions.

* The study emphasizes household-level interventions and lifestyle modifications.

» The paper discusses practical low-carbon strategies applicable to average households.

Limitation:

* The study is limited to the residential sector.

» Financial feasibility analysis is not included in detail.

» The activities discussed are selected based on common and major household practices.

* The study does not include detailed quantitative carbon calculations.

Methodology:

The methodology adopted for this study is primarily based on literature review and conceptual understanding of carbon
emissions associated with the residential sector. Firstly, an extensive review of literature was conducted to understand the
concepts of carbon footprint, greenhouse gas emissions, and low-carbon development. Secondly, global and national
trends related to residential sector carbon emissions were studied to understand the growing environmental concerns
associated with rapid urbanization and increasing energy consumption. Thirdly, major household-level activities
contributing to carbon emissions, such as electricity consumption, water usage, transportation, and lifestyle practices,
were identified and analyzed. Further, a case-based understanding using Agra city was incorporated to examine emission
patterns, urban heat concerns, and the relationship between density, temperature, and green cover. Subsequently, various
low-carbon household strategies and sustainable interventions were studied and discussed, including passive design
techniques, water conservation methods, renewable energy adoption, and behavioral changes. Finally, the findings were
analyzed to draw conclusions and recommendations regarding the role of household-level interventions in reducing urban
carbon emissions and promoting sustainable living practices.

Literature Review
|

L2 v
Global & National Trend Identification of Household
Analysis Emission Sources
Agra Case Study Analysis

Emission patterns, Urban heat concerns,
Density« Temperature«<>Green cover relationship

!

Assessment of Low-Carbon
Strategies

Analysis of Findings

Recommendations and Conclusions

(Houschold-level emission reduction, Sustainable
living practice, & Urban sustainability promotion)

Figure 1. Structure of the Study (Developed by Authors).

2. Materials and Methods

2.1. Literature Review

2.1.1. Understanding of Carbon Footprint and Greenhouse Gases (GHGs)

Definitions:

» Carbon footprint refers to a measure used to assess the amount of greenhouse gas emissions generated by an activity,
product, organization, or system, and serves as an important indicator for evaluating progress towards sustainable
development (Yu, et al., 2024).

* A greenhouse gas, abbreviated GHG, is both natural and human- induced constituents of atmosphere that absorbs and
emits radiation within the thermal infrared range (IPCC, 2008).

The residential sector contributes to GHGs emission through activities such as: electricity consumption, cooking and

heating, water consumption, transportation, construction materials, waster generation, etc. (Yan, Zhou, Ma, & Mao,
2025).

2.1.2. Rapid Urbanization and Effects of Carbon Emission

Carbon emissions increase the concentration of greenhouse gases in the atmosphere, disturbing the natural balance and
negatively affecting the environment. Urban economic activities depend heavily on infrastructure such as power supply,
roads, water supply, telecommunications, transportation, sanitation, and solid waste management (IPCC, 2022). A
significant share of greenhouse gas emissions is associated with these infrastructures, leading to increased pressure on
natural resources. Rapid urbanization is therefore one of the major causes of increasing carbon footprint; however, its
adverse impacts can be reduced through sustainable practices.
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Effects of Carbon Emission on global level:

Large cities are responsible for about 75-80 per cent of the GHGs released into our atmosphere (Satterthwaite, 2008).
India is the world’s third largest emitter of carbon-dioxide (CO2) in terms of absolute emissions (Alam, et al., 2023) and
(Sahni & Aulakh, 2014). The UNFCCC organize different tasks and protocols to control this issue and many countries
are working by making goals like zero carbon cities, eco city, Net zero goal, etc.

Effects of Carbon Emission on national level (India):

Over half of global population is living in urban areas and many researchers say that urbanization is the main cause of
carbon emission (Yu, et al., 2024) because the environment gets ignored in the infrastructure development process,
especially in the small-scale development process. About 34% of India’s population is living in urban areas (United
Nations, Department of Economic and Social Affairs, Population Division, 2019) and the Indian construction industry is
growing at a rate of >8% per annum (Reddy, 2009).

In India the emission released from different building sectors are shown in the graph (refer figure 2) and it represents that
there is not a very huge difference in industrial, residential and commercial sectors (ICLEIL, 2009). This figure clarifies
that the residential building sector is the second most emitter of the carbon in India. Further, the same situation has been
analysed for the one of the Indian cities (Agra) to understand its most carbon emitting building sector (refer figure 3).
Moreover, in Agra city, the residential sector is the highest emitter of carbon.

Carbon Footprint of India

359%, - 33%
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25% - 24% H industrial
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0% ‘ ‘ ‘

industrial residential ~ commercial transportation other

Figure 2. Carbon emission chart for different building sectors in India. (Developed by Authors- Referenced from

(ICLEI 2009).
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Figure 3. Carbon emission chart for different building sectors in Agra. (Developed by Authors- Referenced from

(ICLEIL 2009)

2.1.3. Carbon Emission from Residential Sector
The residential sector contributes to carbon emissions mainly through energy used for:

* Heating and cooling

* Lighting and appliances

* Cooking

*  Water pumping and treatment

» Transportation associated with household activities
Studies indicate that operational energy consumption forms a major share of residential sector emissions (Yu, et al., 2024)
and (Dutt & Sil, 2014)
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2.1.4. Case Study: Agra City

A case study of Agra city has been considered to understand the relationship between carbon emission patterns, population
density, green cover, and temperature variations. Agra was selected as the study area because it shares characteristics
similar to many Indian and global cities while also having unique qualities. The city represents a combination of historical
significance, tourism activities, cultural importance, and industrial presence, making it suitable for understanding diverse
urban characteristics (Sharma & Roy, 2024).

GIS-based mapping of population density, green cover, and surface temperature was carried out to examine the
relationship between urban heat island (UHI) effect, climate change, and carbon emissions. The study aimed to understand
whether population density, green cover, and temperature patterns are interrelated and how increasing carbon emissions
influence these environmental conditions.

As observed through various literature reviews, the residential sector in India has emerged as one of the major contributors
to CO: emissions over time (Ramachandra, Aithal, & Sreejith, 2015).

Climate Change and Urban Heat

According to Earth Data GIS, Agra experienced more than 180 extreme heat days in the year 2016. Further, population
density maps, per capita green cover maps, and temperature maps were analysed (refer Figure 4) (the maps in figure 4
can be accessed through the reference mentioned and used for representation purpose in this paper) (Sharma & Roy,
2024), and the following observations were made:

* Higher density is associated with higher temperature.

* Lower green cover contributes to higher urban heat.

* Green cover helps in reducing urban temperature.

Relationship observed:

* Green Cover « 1/Temperature

* Density « Temperature

* Green Cover « 1/Density
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Figure 4. Comparison between population, temperature and green cover (Sharma & Roy, 2024).

Large amount of Carbon emission and greenhouse gases released, from buildings industry, during construction and in its
lifetime. There are different strategies and ways introduced by government to control the emission and in addition to that
this research talk about the small step that can be taken by every household on their level to contribute in reducing the
emission percentage. India being a developing country is facing many issues like unemployment, poverty, improper
education, lack of housing, inadequate infrastructure, etc. This research will include common activities of an average
household type that can help to make a difference in amount of CO2 emission.

3. Low Carbon Emission

Low-carbon emission refers to minimizing the amount of carbon released throughout the life cycle of a product, activity,
or system.

The process of reducing carbon footprint involves: 1. Knowledge: Understanding carbon emissions, 2. Effects:
Understanding environmental impacts, and 3. Low-carbon consumption: Adopting sustainable and low-emission
practices.

3.1.1. Ways to Reduce Carbon Emission

As discussed earlier, carbon footprint refers to the amount of carbon emitted during the entire life cycle of a product, from
its production to disposal (refer figure 5). In the building and construction sector, the use of materials with qualities such
as longer life span, low maintenance, and local availability can help reduce emissions associated with extraction,
transportation, and maintenance activities. This research focuses on such small-scale household-level interventions that
can collectively help in reducing carbon emissions. The concepts of carbon emission, its environmental impacts, and the
selected research sector have been discussed in the previous sections; the following chapter focuses on practices and
strategies that can help reduce emissions to some extent.




ICCAUA Proceedings Journal, Volume 9 (December 2026)
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e

Figure 5. Life span of CO2 emission of a product. (Developed by Authors)

Low-carbon living focuses on reducing energy consumption, resource wastage, and environmentally harmful activities
through efficient and sustainable alternatives.

3.1.2. Household Activities Contributing to Carbon Emission

The following household activities were identified as major contributors to carbon emissions. Based on their nature and
impact, these activities were further analysed and categorized for behavioural change-based and nature-based intervention
strategies (refer Table 1).

Table 1: Activities: contributing to carbon emission (Source: Developed by Author, Referred from (Dutt & Sil, 2014).

Activities

behavioural change-based strategies

Nature-based strategies

Electricity use

Energy-efficient appliance usage, conscious
electricity consumption, reduced unnecessary usage

Passive ventilation, daylight
utilization, roof greenery

Water consumption

Controlled water usage, water-saving practices,
efficient fixtures

Greywater, rainwater harvesting,
natural water recharge

Cooking practices Efficient cooking habits, reduced fuel wastage Nat.ural Vent%latlon, locally
available materials/fuels
. . . . . . Green corridors, shaded
Transportation Public transport, walking, cycling, ride sharing . .
pedestrian environment
Waste generation Wastfz segregation, reduced consumption, recycling | Composting, organic  waste
practices management

Cooling and heating

Controlled appliance use, temperature-conscious
behaviour

Passive cooling, green cover,
thermal insulation

Construction materials and

Local materials, climate-

. Use of durable materials, low-maintenance practices
maintenance

responsive construction

4. Low-Carbon Strategies for Residential Sector

The residential sector contributes significantly toward urban carbon emissions through daily household activities such as
electricity consumption, water usage, transportation, cooling, construction practices, and lifestyle patterns. Although these
activities are generally performed at an individual household scale, their cumulative impact at neighbourhood and city
level becomes substantial. Therefore, adopting low-carbon lifestyle practices and climate-responsive household
interventions can play an important role in reducing urban carbon emissions. This section discusses different behavioural,
passive, nature-based, and resource-efficient strategies that can help reduce the carbon footprint associated with
residential sector activities while promoting sustainable urban living practices.

4.1. Lifestyle and Behavioural Interventions

Behavioural changes at the household level can significantly reduce carbon emissions without requiring major financial
investment.

Sustainable Transportation: (Li, Huang, Zhang, & Yao, 2024) & (Jing, Liu, Yu, & He, 2022)

Transportation contributes significantly toward CO. emissions. Group travel, public transportation, walking, and cycling
reduce per capita emissions and are cost-effective alternatives. As observed through various literature reviews, the use of
public transportation helps in reducing CO: emissions while also decreasing the overall energy load on the city. Reduced
dependence on private vehicles can therefore contribute toward lower fuel consumption, reduced traffic congestion, and
more sustainable urban living practices.

Energy-Conscious Lifestyle: (Olatunde, Okwandu, & Akande, 2024) & ( Guo, Xu, & Li, 2025)

» Switching off appliances when not in use.

» Using energy-efficient appliances.

* Reducing excessive electricity consumption.

* Optimizing natural lighting and ventilation.

An energy-conscious lifestyle is already practiced in many Indian households to some extent through daily resource-
saving habits. However, the use of more effective and efficient systems can further help in reducing energy consumption.
The adoption of sensor-based appliances, energy-efficient systems, and better electricity management practices can reduce
unnecessary energy use and contribute toward lower carbon emissions at the household level.
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4.2. Water Conservation Strategies

Water treatment and pumping consume significant energy, indirectly contributing to carbon emissions.

Greywater Reuse:

Greywater generated from household activities can be reused for gardening, flushing, and cleaning purposes. A ‘Domestic
grey water recycling pit’ can be made as per the need and usable of the household, which will have the layer of gravels,
sand and charcoal to recycle the grey water. Moreover, this home treated water can be used for different activities in the
household such as gardening, washing vehicles, washing the outdoors, cleaning purposed, etc. All those activities which
requires more water than usual usage of water can be performed using treated grey water.

Rainwater Harvesting:

Rainwater harvesting helps reduce dependence on external water supply systems and promotes sustainable water
management.

In many Indian cities the ground water level (GWL) is decreasing, in result of which more efforts (powerful machinery)
for water extraction and distribution, which means more CO2 consumption. To reduce the CO2 consumption through
decreasing water level, rain water harvesting (RWH) pits are one of the best options. Ministry of Jal Shakti also
introduced, Catch the Rain program under Jal Shakti Abhiyan, which is helping in promoting the use of RWH pits. A rain
water harvesting pit does not need too much space, it can be built in almost all the houses as they already have the rain
water pipe to drain out the excess water from roof, the scale of the pit can be adjusted based on the requirement of the
household. The reference image for a typical RWH pit with the different layers and typical dimensions (refer figure 6).
This pit is made attached to the rain water pipe coming from roof. It can be installed in any house hold with such simple
way.

.T ---------------------------------------------- » Rain water pipe 100 mm
diameter
02 m
.......................... » Gravels 20 mm thick
0.2 m
e Sand 30 mm thick
03 m
T » Gravel 20 mm thick
02 m

--------------------------------------- » Porous bed

Figure 6. The rain water harvesting pit. (Developed by Authors)

4.3. Passive Design Strategies

Passive design techniques help reduce dependence on mechanical cooling and artificial lighting.

Natural Ventilation and Daylighting: (Bashir, et al., 2024 )

Natural ventilation and daylighting are important passive design strategies that help reduce dependence on mechanical
cooling and artificial lighting. Climate-responsive design approaches can improve indoor thermal comfort while reducing
energy consumption.

A similar approach has been observed in TERI University, Delhi, where passive design techniques such as wind towers
and earth tunnels have been incorporated for cooling and ventilation purposes. Wind towers help in directing natural
airflow within the building, while earth tunnel systems assist in cooling the air before it enters indoor spaces. Such
techniques help in maintaining indoor comfort with reduced energy demand. (refer figure 7 and 8) & (refer figure 10).
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Figure 7. Illustration of natural ventilation and daylighting in typical house. (Source: Developed by Authors)

% » Prevailing winds
LT » Cooling layer
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Section through wind tower

Plan of wind tower

N4

Figure 8. The wind tower to increases the cross ventilation. (Developed by Authors)

Thermal Insulation: (Violano & Cannaviello, 2023)

Thermal insulation helps in reducing heat gain and maintaining indoor thermal comfort, thereby lowering the need for
mechanical cooling systems.

In TERI University, Delhi, tiles have been installed on external walls with gaps maintained through bolt connections,
creating an air cavity between the wall surface and tiles (refer figure 9). This air gap acts as insulation and helps in
reducing heat transfer, keeping the building comparatively cooler and improving thermal performance. Additionally, an
illustration of Trombe wall, which is constructed in the cold region of Ladakh is also represented (refer figure 10). Using
climate-responsive materials and shading techniques reduces indoor heat gain (refer figure 11).

— Wall tile

Air gap

i

’

Wall

Figure 9. Illustration of air gap used for thermal insulation in TERI university. (Source: Developed by Authors)
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Figure 10. Illustration of thermal insulation (Trombe Wall in cold regions). (Source: Developed by Authors)
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4.4. Roof Gardens and Green Cover

Roof gardens and urban greenery can also be a better and effective option of reducing the CO2 emission in heating and
cooling of the building. Roof garden that will help to protect the building from heat gain or loss and having the solar
panels on roof can create the cavity that protect the roof surface from direct contact of sun light, and such passive
techniques for houses will help the building to use less mechanical ventilation ways. An illustration of roof garden, green
cover and proper orientation of building and shades protecting the heat gain of the building (refer figure 11).

_~,
=

The passive technique
(components) used:

» 1. Roof garden

» 2. Shading over windows

@ - » 3. Orientation along East-West Axis

(reduces the direct contact with sunlight)
@ -1 » 4. Cross ventilation

Figure 11. Passive technique to protect the building from heat gain. (Developed by Authors).

In TERI University, Delhi, extensive plantation and green cover have also been incorporated within the campus
environment, helping in reducing surrounding temperatures and improving thermal comfort. Increasing green cover can
contribute toward reducing carbon emissions by lowering surface temperatures and reducing energy demand for cooling
purposes.

It can be observed from the map comparison and analysis in the case of Agra (refer figure 3), areas with higher green
cover experience comparatively lower surface temperatures. Increased green cover helps in reducing the surrounding
temperature and lowering the overall energy demand for cooling purposes. A research study on green spaces in Agra has
also discussed different approaches for increasing urban green cover through techniques such as roof gardens, green walls,
personal gardens, and similar strategies (Sharma & Roy, 2024).

4.5. Renewable Energy Adoption

Solar Energy:

Solar panels and solar-based systems reduce dependence on fossil-fuel-based electricity. Using solar energy for power
consumption is one of the most efficient ways to reduce the CO2 emission. It is a one-time investment option and a very
long-term benefit. The solar lamps and lights can be used for the outdoor lighting and for the indoor power usage solar
panels can be installed. The government has also introduced the PM-Surya Ghar: Muft Bijli Yojna, according to which
the government will subsidies up to 60% of the cost of installation for solar panel for households.

Renewable Energy-Based Household Practices:

* Solar water heating

* Solar lighting

* Rooftop photovoltaic systems
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4.6. Vernacular and Climate-Responsive Practices

Traditional and vernacular practices often use locally available materials and climate-responsive design principles that
reduce energy consumption.

These practices include:

* Courtyard planning

* Thick walls and insulation

* Use of local materials

* Climate-responsive settlement patterns

Example: In the state of Himachal Pradesh, a popular vernacular household practice is used- Thathara. In this type of
housing the ground floor is kept for the cattle/ poultry/ etc. and first floor is built as per usual houses. The heat from the
cattle keeps the upper floors warm, at the same time it provides shades for the cattle. This way the space is saved and
energy is saved to keep the house warm, an illustration of Thathara is shown in figure 12.

Similarly, climate-responsive techniques such as water channels, high-height rooms, and pressure-based airflow
movement have also been incorporated in TERI University, Delhi. Water channels help in improving the surrounding
microclimate, while higher room heights improve air circulation and thermal comfort (refer figure 13). The building
entrance has also been designed in a way that creates pressure-driven air movement, allowing cooler air to circulate
through internal corridors and indoor spaces.

Figure 13. Water channels across the campus of TERI university. (Source: Developed by Authors).

This section indicates that household-level low-carbon lifestyle practices can collectively contribute toward significant
reduction in urban carbon emissions. Strategies such as energy-conscious behavior, water conservation, passive cooling
techniques, renewable energy adoption, roof gardens, and vernacular climate-responsive practices not only reduce
household energy demand but also improve urban environmental conditions. Although these interventions may appear
small at an individual scale, their large-scale adoption can support sustainable urban development, reduce dependence on
energy-intensive systems, and contribute toward climate-responsive urban living.

5. Relationship Between Household-Level Interventions and Urban Carbon Reduction

Small-scale residential interventions, when adopted collectively at neighborhood and city level, can significantly
influence urban carbon emission patterns. Since the residential sector contributes a considerable share of urban emissions,
household-level behavioral and resource-efficient changes can directly support low-carbon urban development.

The relationship between household-level interventions and urban-scale environmental benefits can be observed through
various practices.
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e The use of public or shared transportation helps reduce vehicular CO. emissions, traffic congestion, and fuel
consumption.

e Water-saving fixtures, greywater reuse, and rainwater harvesting reduce freshwater demand, lower energy
consumption associated with water treatment and supply systems, and improve groundwater recharge.

o Similarly, passive cooling strategies, natural ventilation, roof gardens, vegetation, and increased green cover help
reduce electricity demand and mitigate Urban Heat Island (UHI) effect.

o The adoption of solar energy systems reduces dependence on fossil-fuel-based electricity, while the use of local and
vernacular materials helps reduce embodied carbon associated with transportation and construction activities.

Collectively, these household-scale interventions contribute toward lowering urban carbon intensity, improving urban

microclimate, reducing pressure on centralized infrastructure systems, and supporting sustainable urban planning and

climate-responsive development practices.

6. Discussion

The study highlights that the residential sector plays an important role in urban carbon emissions through everyday
household activities such as transportation, electricity consumption, water usage, cooling practices, construction
materials, and lifestyle patterns. Rapid urbanization and increasing energy demand have further increased environmental
stress and carbon emissions within cities. The findings of the study indicate that household-level interventions, although
small in scale individually, can collectively contribute toward significant reduction in urban carbon emissions when
adopted at a larger scale. The analysis of Agra city also demonstrated the relationship between green cover, population
density, and temperature variation. Areas with higher green cover were observed to have comparatively lower surface
temperatures, while densely populated areas experienced higher temperatures. This indicates that increasing green cover
and adopting climate-responsive planning strategies can help reduce urban heat and lower the energy demand associated
with cooling.

The study further observed that behavioral and passive design-based strategies can reduce dependence on energy-
intensive systems. Practices such as public transportation usage, water conservation, passive cooling, natural ventilation,
thermal insulation, roof gardens, renewable energy adoption, and vernacular climate-responsive techniques can
collectively support sustainable urban living. Many of these interventions are affordable, practical, and suitable for
household-scale implementation, making them accessible for wider adoption. The examples discussed in the study,
including vernacular practices and climate-responsive features observed in TERI University, Delhi, demonstrate that
traditional knowledge and passive design approaches can still play an effective role in reducing energy consumption and
improving thermal comfort.

Similarly, household-level resource management practices such as greywater reuse, rainwater harvesting, and energy-
conscious lifestyle changes can help reduce pressure on urban infrastructure systems while contributing toward
environmental sustainability. The study emphasizes that achieving low-carbon urban development is not dependent only
on large-scale technological or policy interventions, but also on small and practical lifestyle-based changes at the
household level. The cumulative impact of such interventions can contribute toward reducing urban carbon emissions,
improving environmental quality, and supporting climate-responsive urban development.

7. Conclusions

This study examined the contribution of the residential sector to carbon emissions and explored practical household-level
strategies for reducing the carbon footprint. The literature review and case-based analysis confirmed that residential
activities such as electricity consumption, transportation, water usage, cooling practices, construction materials, and
lifestyle patterns contribute significantly to urban carbon emissions. The study therefore achieved its objectives by
identifying the major sources of emissions within the residential sector and reviewing feasible low-carbon practices that
can be adopted at the household level.

The findings indicate that low-carbon lifestyle practices and climate responsive interventions, including energy conscious
behavior, sustainable transportation, greywater reuse, rainwater harvesting, passive design techniques, roof gardens,
renewable energy adoption, and vernacular climate-responsive approaches, can collectively reduce energy demand and
environmental stress. Although these interventions may appear small at the individual household scale, their cuamulative
implementation has the potential to contribute significantly to urban carbon reduction and sustainable development.

The case-based analysis of Agra city further demonstrated the relationship between population density, green cover, and
temperature patterns. Areas with higher green cover were associated with comparatively lower temperatures, while
densely populated areas experienced higher temperatures. These findings highlight the importance of integrating green
infrastructure and climate responsive planning measures into residential environments to reduce urban heat.

The study supports the premise that reducing carbon emissions is not dependent solely on large scale technological
advancements or government-led actions. Household-level behavioral changes and resource efficient practices can also
play an important role in achieving low-carbon urban development. Furthermore, supportive policies such as incentives
for renewable energy systems, rainwater harvesting, and sustainable housing practices can accelerate the adoption of these
measures.

The contribution of this study lies in bringing together household-scale behavioral, passive, nature-based, and resource
efficient strategies within a single framework and highlighting their collective role in reducing urban carbon emissions.
While existing studies often focus on city-scale, neighborhood-scale, or building-level interventions independently, this
study emphasizes the cumulative impact of everyday household actions on urban sustainability. Future research may
further explore the quantitative carbon reduction potential of these interventions, regional climate-responsive adaptations,
and low-cost sustainable innovations suitable for diverse urban contexts.
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