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Abstract

As urbanization continues to rise in cities like Mumbai
with warm and humid climate, the demand for energy
in corporate buildings has surged, leading to
significant environmental and economic challenges.
One of the most effective ways to reduce energy
consumption is the adoption of energy-efficient
lighting systems. This paper explores the need for
energy-efficient lighting in corporate buildings in
Mumbeai, a city with a warm and humid climate, and
examines the various benefits of such an initiative. The
research investigates the impact of climate conditions,
particularly high temperatures and sunlight exposure,
on lighting energy use, and identifies how energy-
efficient technologies like LED and smart lighting
systems can mitigate these challenges. Through case
studies of corporate buildings in cities with warm and
humid climate in India, the paper highlights the
potential for substantial reductions in energy
consumption, cost savings, and environmental
benefits. Furthermore, the research evaluates the
broader implications of these lighting technologies on
corporate sustainability goals and their alignment with
India’s national energy efficiency policies. This study
provides valuable insights for policymakers,
architects, and building owners secking to enhance
energy performance and promote sustainable building
practices in warm and humid climates

Keywords— Energy efficient lighting, Urbanization,
Corporate buildings, Warm and Humid Climate.

I. Introduction

This The economic growth in cities like Mumbai have
significantly increased the demand for energy in
corporate buildings, thus necessitating the energy
efficiency for sustainable development. In
commercial buildings, lighting accounts for a
substantial portion of electricity consumption,
particularly in warm and humid climates where
excessive heat gain and high cooling loads further
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amplify energy demands [1]. Mumbai, with its
tropical climate and growing ommercial
infrastructure, faces a unique challenge of balancing
indoor comfort with energy efficiency. Heat generated
from electrical lighting also contributes significantly
to the energy needed for cooling of buildings. The
adoption of energy-efficient lighting solutions
presents a significant opportunity to reduce overall
energy consumption, carbon emissions, and
operational costs in corporate buildings [2]. Energy-
efficient lighting technologies, such as Light Emitting
Diodes (LEDs), daylight harvesting systems, motion
sensors, and intelligent lighting controls, have proven
to reduce energy consumption by 50% to 70% in
commercial buildings when implemented effectively
[12]. Additionally, the use of natural daylight, coupled
with advanced lighting control systems, can minimize
artificial lighting demand, and reduce cooling loads
caused by heat emissions from traditional lighting
systems [11]. This dual benefit of reducing lighting
energy consumption and lowering cooling loads is
particularly relevant for cities like Mumbai, where
high humidity and temperature necessitate continuous
air conditioning in corporate spaces. Despite the
evident benefits, the adoption of energy-efficient
lighting in corporate buildings in Mumbai remains
relatively low due to factors such as high initial
investment, limited awareness, and lack of robust
policy frameworks [5], [8]. However, transitioning to
energy-efficient lighting systems can significantly
contribute to achieving India’s national energy-saving
targets and reducing the carbon footprint of
commercial buildings. Moreover, improved lighting
quality has been linked to increased occupant
productivity, better visual comfort, and enhanced
overall work environment [3]. This research paper
explores the need and benefits of energy- efficient
lighting in corporate buildings in Mumbai,
emphasizing its potential to reduce energy
consumption, mitigate heat gain, and promote
sustainable building operations. The paper further
investigates case studies, global best practices, and
policy recommendations to accelerate the adoption of
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energy-efficient lighting systems. The findings aim to
provide actionable insights for corporate stakeholders,
building designers, policymakers, and sustainability
advocates to promote environmentally responsible
building practices in warm and humid climatic regions
like Mumbai. The study aims to explore:

1. a. The need and benefits of the energy-efficient
lighting in corporate buildings in Mumbai.

2. b. The economic, environmental, and thermal
comfort benefits of adopting the energy-cfficient
lighting.

3. c. The determine the barriers for adoption and
strategies for wider implementation. Ease of Use

II. Literature review

Energy efficient lighting and its Relevance to
Corporate buildings:

Before Energy-efficient lighting plays an important
role in corporate buildings by reducing energy
consumption, lowering operational costs, and
enhancing workplace productivity by improving the
visual comfort. Traditional lighting systems, such as
incandescent and halogen bulbs, consume significant
electricity and contribute to high carbon emissions. In
contrast, energy-efficient alternatives like LEDs
(Light Emitting Diodes), CFLs (Compact Fluorescent
Lamps), and smart lighting solutions offer substantial
energy savings, with LEDs consuming up to 75% less
energy and lasting significantly longer than
conventional bulbs. The advancement to the energy
efficient lighting systems and the integration of
daylight harvesting systems, motion sensors, and [oT-
based lighting controls further optimizes energy use by
adjusting brightness levels based on occupancy and
natural light availability [4]. This not only minimizes
unnecessary energy wastage but also aligns with
corporate sustainability goals and green building
certifications such as IGBC, LEED (Leadership in
Energy and Environmental Design), etc. Moreover,
energy-cfficient lighting has a direct impact on
employee well-being and productivity, as proper
illumination reduces eye strain, enhances focus, and
creates a comfortable work environment. Given the
increasing emphasis on corporate social responsibility
and environmental sustainability, the adoption of
energy-efficient lighting in corporate buildings is a
crucial step toward achieving energy conservation,
reducing carbon footprints, and promoting sustainable
business practices [6].

2) Understanding the Context and the importance of
energy efficiency in a Warm and Humid region of
Mumbai. 19.0760°N, 72.8777° E
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Figure 1

Mumbai, a densely populated metropolitan city
characterized by a warm and humid climate (as per
ECBC), has emerged as a significant corporate hub,
attracting multinational corporations, financial
institutions, and the emerging startups. The city’s
rapid urbanization has led to a substantial expansion of
commercial office spaces, where professionals spend
extended hours in enclosed, mostly air-conditioned
environments. The high ambient temperatures and
humidity levels prevalent in Mumbai contribute to
increased energy demands, particularly for space
cooling and artificial lighting in corporate buildings
[11]. Traditional lighting systems, coupled with
extensive cooling requirements, significantly elevate
energy consumption, placing immense pressure on the
city's power infrastructure. Conventional lighting
solutions, such as incandescent and compact
fluorescent lamps (CFLs), intensify this issue due to
their lower energy ecfficiency and higher heat
emissions. Consequently, the integration of energy-
efficient lighting technologies, including light-
emitting diodes (LEDs), daylight harvesting systems,
and advanced lighting controls, has become
imperative. The implementation of such solutions can
substantially reduce energy consumption, mitigate
heat gain, lower operational costs, and enhance indoor
environmental quality, thereby fostering a more
sustainable and energy- efficient corporate ecosystem
in Mumbai’s warm and humid climate [9].

Temperature Trends in Mumbai (2010-2024)
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3. Lighting Thresholds as per Standards and Codes

The lighting requirements for office buildings in India
are guided by various standards and codes, including
the NBC, the ECBC, the IGBC, the ASHRAE, and
LEED India. These lighting requirements act as the
standards and threshold for the lighting provisions in
the office spaces[10].

TABLE L.

National Building | General office | Not specified
Code (NBC) | areas: 300-500 lux
2016 Conference rooms:
500-750 lux
Energy Not specified Office: 10.8
Conservation Wm?
Building  Code
(ECBC) 2020
ASHRAE 300-500 lux for
Standards general office
spaces
1IGBC Aligns with ECBC | Encourages
recommendations reduced LPD to
earn credits

3) Comparative Analysis of Traditional CFL vs. Energy-
Efficient Lighting Fixtures
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*GHG emissions are calculated based on an average
daily usage of 6 hours and India’s grid emission factor
(~0.82 kg CO2/kWh).

Source: Regional Report on the Transition to Efficient
Lighting in South Asia by TERI, (UNEP)/ Global
Environment Facility (GEF) en. lighten initiative.

4) Significance of The Study

The study holds significant implications for various
stakeholders, including corporates, policymakers,
urban planners, and sustainability. The climate change
demands the reduction in cooling loads, carbon
emissions and thus an approach for adoption of energy
efficient light fixtures is essential. The study also leads
to the further research on development of sensor based
lighting systems.

Gradual light on
(Oceupant enizring rangs)

Figure 3

Lights on fully
(Occupant in full range)

Gradual light dimming
(Oceupant exifing range)

Lights off
(No occupant detected)

5) Various Schemes launched by the Ministry of
Power, Government of India for Energy Efficient
Lighting:There are several policies, schemes and
initiatives being launches by the Government of India
to promote the adoption of energy efficient lighting

TABLE IL. e e
- - - technologies in buildings. These schemes focus on
Lighe | Bregy | C8G ) Wikwel ) Beowoimie reducing energy consumption, cutting down CO2
17et g | e ) Coming | B emissions, improving cost savings, and promoting
Mire | eilez s ) (e, | (il Cost environmental sustainability. The most successful
T ek LDl gt schemes are Domestic Efficient Lighting Programme
%er . | Gl Savings) (DELP) also known as UJALA scheme and Street
xture®) | Quality) Lighting National Programme (SLNP).
CFLs Uses | 50-80 kg | Flickers Cheaper
Com 14- | COuyear | slightly, | initially but TABLE IIL
pact 25W lower shorter Parameter | Unnat Jyoti by Street Lighting
Fluor for CRI lifespan & Affordable LEDs for National Programme
escen ~800 higher All (SLNP)
t lumen operational (UJALA)
Lam 5 cost Launched | Government of India Government of India
p By (Implemented by (Implemented by
LEDs Uses | 10-20 kg | No Higher initial EESL) EESL)
Light 8- COzlyear | flicker, cost, butup to Year of 2015 2015
Emittin | 12W High 80% savings Launch
g for CRI, on electricity Objective | To distribute To replace
Diodes | ~800 Less and lasts 5- affordable LED bulbs, | conventional
lumen glare 10x longer tube lights, and streetlights with
S than CFLs energy-efficient fans to | energy-efficient
T5 Uses | 30-50 kg | Better Longer households. LED streetlights.
Fluoresc | 14- COqlyear | efficienc | lifespan than Total Over 36.86 crore Over 1.37 crore
ent 28W ythan | CFL but not Installatio | (368.6 million) LED | (13.7 million) LED
per4- CFLs, as efficient as ns bulbs distributed streetlights installed
ft Less LEDs _— —
tube flicker Energy 47.65 billion kWh 9.17 billion kWh
Inductio | Uses | 20-40 kg | Soft, Long Savings | annually annually
n 40- COq/year | uniform | lifespan, Reduction | 41.3 million tons per 5.6 million tons per
Lighting | 100W light, No | lower in CO: year year
for flicker maintenance Emissions
large cost Cost- LED bulbs at Rs 70,
area Effectiven | tube lights at Rs 220,
lighti ess and energy-efficient
ng fans atRs 1110
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Several benefits were observed after implementation
of the above schemes such as Savings of Rs 15,000
crore annually in electricity bills, 50% reduction in
streetlight electricity bills for municipalities, Reduced
maintenance costs due to longer LED lifespan;
Environmental Benefits: Lower carbon footprint,
Reduced demand for fossil fuel-based electricity,
Lower carbon emissions, Reduction in light pollution,
Decreased dependency on fossil fuels, Additional
Benefits, Lower household electricity bills, Improved
awareness of energy efficiency, Improved public
safety with well-lit streets, Consumers buy LED
appliances at subsidized rates, Zero upfront
investment for municipalities, Cost recovered through
energy savings under the ESCO (Energy Service
Company) model.

ITI. Case Study & Comparitive Analysis

TABLEIV.

Tocation Encrgy-Efficient Benclits Achieved

Lighting Solutions

Fort, Mumbai Achieved 30% reduction n

lighting energy

Replaced conventional
lighting with LED
fixtures

Installed occupancy Enhanced occupart comfart
sensors to control lighting | with improved lighting
quality

B 8
Tata Consultancy  Services
(TCS) Olympus Centre

Tntegrated dayhght
harvesting systems

Lowered mamtenance costs
due tolonger LED lifespan

Goregaon, Mumbai

Upgraded to LED lighting
systems

Realized 35% energy
savings in lighting

Tmplemented smart
lighting controls with
scheduling and dimming
features

Tmproved employee
productivity with better-lit
workspaces

Utilized daylight-
responsive controls

Contrbutedto LEED Gold
certification for the building

Complex, Mizmbai

Tnstaled energy eTheient
LED lights throughoutthe
premises

Achieved 33% reduction
overall energy consumption

Deployed motion sensors
in common areas

Enhanced aesthelic appeal
with modemlighting design

Adopted centralized

Feduced carbon footpant,

lighting control system supporting corporate

sustaimability goals

ICICT Bank Headquarters Attained 40% decreasein

lighting energy usage

Bandia Kula Transitioned to LED
Complex, Mumbai | Ighting solutions

Tntegratedlighting Tmproved employee
‘management systemswith | satisfaction due to

real time monitoring customizable lighting levels
Employedtask ighting Lowered HVAC loadsas
strategies to minimize LEDs emit less heat
ambientlighting neads

These case studies demonstrate that adopting energy-
efficient lighting in Mumbai's office buildings leads to
significant energy savings, operational cost
reductions, and enhanced occupant comfort,
contributing to overall sustainability goals.

IV. Research Methodology

This study employs a mixed-method approach,
integrating both quantitative and qualitative research
methods to gain a holistic understanding of the impact
and adoption of energy- efficient lighting in corporate
buildings within Mumbai’s warm and humid climate.
A detailed on-site assessment was conducted in four
selected corporate buildings that have implemented
energy-efficient lighting solutions, allowing for the

MIT UNIVERSITY'S - Abhivruddhi Journal
VOL.5(01), JUNE, 2025

measurement of actual energy savings, operational
improvements, and overall performance
enhancements. Additionally, an extensive literature
review was carried out, analyzing research papers,
industry reports, and government publications to
evaluate the benefits, challenges, and policies related
to energy-efficient lighting systems. The study also
includes a policy analysis, examining both national
and international regulations, incentives, and
initiatives that promote energy-efficient lighting
adoption in commercial buildings. Furthermore, key
barriers and opportunities in Mumbai’s corporate
sector were identif ied to understand the factors
influencing the implementation of energy-efficient
lighting solutions. To substantiate the findings, real-
world case studies were analyzed, quantifying energy
and cost savings associated with these lighting
systems. Based on the insights gathered, the study
formulates policy recommendations aimed at
accelerating the widespread adoption of sustainable
lighting solutions in corporate environments, thereby
contributing to energy conservation and climate
resilience.

V. Conclusion

The rapid economic growth, development, increasing
migration to the city leading to increase in the
population density, in cities like Mumbai has led to a
significant rise in energy demand, particularly in
corporate buildings. Considering the increasing
amount of time individuals spend at workplaces, the
indoor comfort conditions play an important role in
the human health and wellbeing. In office spaces
lighting contributes substantially to electricity
consumption. Given Mumbai’s warm and humid
climate, ensuring energy efficiency in lighting is not
only crucial for reducing electricity costs but also for
minimizing cooling loads and lowering carbon
emissions. Energy-efficient lighting technologies
such as LEDs, daylight harvesting systems, motion
sensors, and smart lighting controls have proven to
reduce energy consumption by up to 50%,
contributing to lower operational costs and improved
indoor environmental quality. The study states the
several government schemes, Green Building Rating
Systems available that also provide subsides. It has
been observed that despite of the benefits of the energy
efficient lighting adoption remains low due to barriers
such as high initial investment, lack of awareness, and
perceived complexity in implementation.

This research highlights the potential of energy-
efficient lighting in transforming corporate buildings
into sustainable spaces. By increasing awareness,
addressing financial
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barriers, and implementing favourable policies,
Mumbai’s commercial sector can significantly
contribute to energy conservation, carbon footprint
reduction, and a more sustainable urban environment.
Promoting energy-efficient lighting not only aligns
with global climate goals but also enhances the overall
comfort, productivity, and well-being of employees in
corporate spaces.
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