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Introduction

Since the industrial revolution in the mid-19th century, global carbon emissions have steadily
increased, contributing to the ongoing challenge of climate change (Erans et al., 2022). However,
the introduction of coal as a primary energy source marked a significant increase in CO2
emissions. Annual CO2 emissions rose from 54 million metric tons in 1850 to 1.6 billion metric
tons by 1950. Atmospheric CO2 concentrations also climbed from 280 ppm pre-industrially to
412 ppm in 2020, the highest level in over two million years, significantly contributing to the
challenge of climate change (Boden et al.,, 2017; Marlan, 2017; Erans et al., 2022).

CO2 can cause changes in the atmosphere, the ocean, the ice sphere, and the biosphere (IPCC,
2023). Climate change is a significant consequence of increased carbon egaiisions, as greenhouse
T emperatures. This

Many social and economic activities related to tourism contribute to the emission of GHGs,
particularly CO2 (Becken and Patterson, 2006; Robaina-Alves et al,, 2016). In 2013, global
tourism accounted for 8% of total GHG emissions, with a carbon intensity measured as emissions
per dollar of revenue 20% higher than the global economic average. Tourism-related emissions
are projected to increase by 25% by 2030, reaching 1.8 gigatons of CO2 annually, if mitigation
efforts are not implemented (UNWTO, 2020).

As a result, sustainability has become increasingly important to travelers and tourism
investments (Weber, 2019; Wehrli et al.,, 2011). Therefore, it is essential to analyze the effects of
tourism on emissions and determine which subsectors are responsible for the increase (Robaina-
Alves et al,, 2016). Empirical studies must re-examine the relationship between tourism and
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carbon emissions (Sun et al., 2022). More research is warranted to understand the role of tourism
suppliers in promoting sustainable development (Stalmirska and Ali, 2023).

Sri Lanka is an island nation that has become a popular tourist destination in Asia (United Nations
World Tourism Organization, 2015). The tourism industry generates the third-largest share of
foreign exchange earnings in Sri Lanka, contributing 15.9% of the total (SLTDA, 2018). Sri Lanka
has several key tourist destinations, including the Historic City Region, Colombo Urban Region,
Greater Colombo, East Coast Region, and South Coast Region (SLTDA, 2018).

The South Coast region holds the second-largest distribution of accommodation capacity and
occupancy rates in Sri Lanka. Research on the tourism industry has primarily focused on the
Colombo region, with limited studies on the southern region. The Galle district has the highest
number of tourist accommodations and the highest occupancy rate i southern province.
Major tourist areas in the southern coastal region, such as Hi irissa, Weligama,

Authorlty (SLTDA). . Thus,
ud area due to its high

Province of Sri Lag in the coastal region of the Galle District. Unawatuna is a popular
tourist destination situated between the Talpe tourist beach area and Galle city to the south. In
the Galle District, the Unawatuna coastal town lies within the administrative boundaries of
Yaddehimulla, Unawatuna Central, Unawatuna West, Unawatuna East, Maharamba, Bonavista,
and Dalawella, which form part of the Habaraduwa Divisional Secretariat Division (SLTDA, 2018).
The area encompasses approximately 5 km2 of picturesque beaches with rich biodiversity. The
geographic coordinates of Unawatuna are approximately 6.0101° N latitude and 80.2767° E

longitude.
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resulting in a totaR @ samples selected through a stratified random sampling method, with
samples drawn proportionally from different strata of hotels and services. A 50% sample ensures
that a significant portion of the population is included, reducing sampling error and providing
results that are more representative of the entire population (Babbie, 2020). Table 1 presents the
number of samples obtained from each category. Data for the study were collected using a
questionnaire survey. The questionnaire survey gathered information such as

The study period was from December to April 2023 as the arrival of tourists in the Unawatuna
tourist area peaks during this period. The occupancy rate of the Unawatuna tourist area is
approximately 80% during this time (SLTDA 2018).
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Table 1: Sample size by hotel category (SLTADA database, 2023)

Hotel Category Total Numbers of Hotel Selected Sample Size

3 Star 8 4
5 Star 1 1
Guest House 20 10
Restaurant 26 13
Boutique Villas 10 5
Rented Apartments 8 4
Shared Lounge 16 8
Home Stay 6 3
Boutique Hotels 2 1
Unclassified Hotels 12 6
Other 1 1
Total 110

Data analysis

The Hotel Carbon Measurement Inigigfive (HCMI) Version

ia accopanying
developed by the Sustainable Lig@pftality Alliance (refe@ce

ed to’calculate h¥
anying excel tool,
icate the CF of hotel

product use, and' er outsourced activities (except laundry) are excluded. Also, the
methodology is not an assessment of all environmental risks and opportunities. For broader
assessments, tools like GHG Protocol, Life Cycle Assessment (LCA), and ISO 14064 standards can
complement HCMI in future studies. Further, bar charts were also used to analyze the data using
MS Excel.

Results

The occupancy rate in the Unawatuna tourist area was approximately 80% during the study
period (SLTDA, 2018). The results indicated that 80.5% of hotels and services achieved an
occupancy rate of 50% or higher during the period under consideration. Essentially, most hotels
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accommodated at least half or more of their available rooms during the season. The key areas
contributing to CO2 emissions included fuel consumption for cooking related activities, power
generation, transportation, operational logistics, and emissions from waste incineration.
Significant factors impacting electricity consumption were lighting, onsite combustion, onsite
power generation, refrigerators, fuel consumption, air conditioners, and their potential leaks.

Drivers that notably affected operations in logistics include laundry services and cleaning
activities. Hotel-owned vehicles represent the primary contributor to CO2 emissions in
transportation. For waste management, solid waste disposal mechanisms are the most significant
influencing factors (Table 2).

Table 2: Key areas and Carbon Emissions Drivers in the hotel sector

Key areas Drivers

Energy Consumption Electricity usages
Fuel consumptions

Operational Logistics Laundry servic

Transportation

ns from hotel-ow&d

Waste Management olid waste incine

emissions Ofsourist hotels and services,

s ¥
a

In the sample hotels apg§¥s ;ices analyzed for this study, 33.92% had private space
restrictions. Withiithisa@#Set, 10.53% had an electricity consumption exceeding 2,000 kWh. The
remaining 66.08% e total land area of hotels and services has been dedicated to tourism
purposes. Among these, 51.35% had an electricity consumption exceeding 1,000 kWh, and within
this group, 36.84% consumed over 2,000 kWh (Table 3).

Table 3: Electricity consumption pattern of the hotel sector in Unawatuna tourist area

Determinants % of Hotel and Electricity Usage more than
Services 2000Kwh
Private space available 33.9% 10.53%
Private space unavailable 66.07% 36.84%
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The primary source of COz emissions in the Unawatuna tourist area was electricity consumption,
with significant variations across hotel types. Five-star hotels and boutique villas exhibited the
highest average electricity intensity due to their luxury and comfort offerings, requiring
substantial energy (Figure 2a). Three-star and unclassified hotels also consumed over 1,500 kWh
per month, vastly exceeding Sri Lanka's average household consumption of 64 kWh—about 23
times more. This highlights the energy-intensive nature of hotel operations, driven by guest
service demands, which significantly contribute to their CF.

Carbon emissions from fuel consumption in food-related services

Five-star hotels in Unawatuna are the largest consumers of liquefied petroleum (LP) gas for food-
related services, using over 21 times more than other hotels (Figure 2a). LP gas was widely
utilized across various establishments, including boutique villas, three. hotels, unclassified
hotels, and restaurants, emphasizing its versatility in the accommgg #tiongand dining sectors.

ated
ile
ents did

Carbon emissio® power generators
In the Unawatuna tourist area, only 28.57% of hotels used power generators at the time of the
study, with 62.5% operating on diesel. Five-star hotels had the highest diesel consumption, driven
by their substantial energy needs to deliver uninterrupted luxury services. Three-star hotels,
guest houses, and boutique villas also utilized diesel generators, but their consumption remained
lower, with none exceeding an average of 200 liters per month—Iless than half of the usage
reported by
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Figure 2 Consumption of different fuel types for food related services and transportation
activities in Unawatuna tourist area (a) LP Gas consumption in food-related services (b) diesel
and (c) petrol consumption in power generators (d) diesel (e) petrol consumption in
transportation

Figure 3 Outsourced laundry tonnage by different hotel services in Unawatuna tourist area five-
star hotels. This disparity reflects variations in energy demands and operational intensity across
different types of tourist establishments in Unawatuna (Figure 2b).

In the Unawatuna tourist area, 37.5% of establishments relied on petrol-powered generators,
with restaurants forming the largest segment due to their substantial energy needs. Three-star
hotels also showed significant reliance on petrol generators to ensure uninterrupted power
supply and maintain service standards. In contrast, rented apartmep#and shared lounges
X ergy demands and

sfer, tour, and logi
industry. Guest s and restaurantgggl

Carbon emission®rom operational logistics

When analyzing the internal operations of tourist hotels and services, it is essential to recognize
laundry services as a significant source of CO; emissions. This is primarily due to the high
consumption of electricity and water, which contributes to energy-related CO; emissions.
Notably, restaurants do not face similar concerns, as they typically do not provide laundry
services.

Some hotels that offer laundry services outsource their requirements to external companies, an
important factor to consider. When laundry services are managed internally, their associated
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energy consumption is included in the overall energy usage calculations. However, if outsourced,
this energy usage must be accounted for separately.

Within the Unawatuna tourist area, a substantial majority—76.8% of establishments—provide
laundry services. Among these, 51.2% outsource their laundry needs to external companies. This
reliance on external services underscores the importance of incorporating such considerations
into energy and emissions assessments.

The majority of laundry services, around 75%, are provided by hotels, with occasional inclusion
from restaurant service establishments. In this context, luxury hotels contribute the most to CO;
emissions, while shared lounges and unclassified hotels also make a significant contribution.
Despite differences in monthly laundry volume and averages, it is challenging to identify
substantial variations between different types of hotels. Hostels have sser impact on CO>
emissions within this sector (Figure 3).

Carbon emission from waste incineration

e

considerable CO; mosphere (Abeydeera & Karunasena, 2019: Marasinghe, 2024).

Electricity usage emerges as a predominant contributor to CO; emission in the hotel and service
industry. This is largely due to the continuous operation of hospitality services, which often
function 24/7, and the extensive amenities provided to guests (Ba et al., 2022). Heating and
cooling systems, particularly air conditioning, are significant contributors, with luxury hotels
showing disproportionately high energy usage. Research indicates that five-star hotels consume
the most electricity due to their focus on guest comfort and the provision of upscale services.
Hotels and restaurants in the luxury segment are major contributors to CO; emissions, accounting
for 21% of total emissions from tourism buildings (Spiller et al., 2022). These findings highlight
the need for energy efficiency measures targeted specifically at high-end hospitality
establishments to mitigate their environmental impact (Salehi et al., 2021).
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In the Unawatuna tourism sector, transportation's overall carbon emissions are relatively low
due to infrequent use. However, transportation remains a factor in Scope 1 emissions, particularly
from activities such as hotel staff operations and guests’ arrivals and departures. For example,
studies show that a single tourist visit to Greece can increase the hotel sector’s carbon emissions
by 13% (Spiller et al., 2022).

Waste management presents another challenge in accurately measuring carbon emissions. In
Unawatuna, the local governing body, the Padeshiya Sabha, oversees waste management, making
it difficult to attribute specific emissions to hotels. It is very important to establish partnerships
with local authorities to collect granular data related to waste management. Further, an
individual database could be developed within the hotel complexes. Thereby, future researchers
will be able to accurately measure the carbon emissions from waste in hotel sector. However,
improper waste management practices can exacerbate CO; emissions. Ongj
inefficient waste handling contribute to these emissions (Abe 9::

Effective waste management strategies, on the other hand, cga#¥nificantly

fuel combustion and

The findings emphasize the i ures
in the hotel industry, p ant
role in the econom aste

management, ' _ i ) o broader

The Un purism demand, with an occupancy rate
averaging ad®cred. The study identifies key drivers of CO;
emissions TR giftally energy consumption, operational logistics,

heating, and other i al operations, emerges as the primary driver of CO; emissions. Energy
usage varies significantly among hotel types, with five-star hotels and boutique villas
demonstrating the highest electricity intensity due to their luxury offerings. On average, three-
star and unclassified hotels consume over 1,500 kWh per month, approximately 23 times the
average household consumption in Sri Lanka, underscoring the energy-intensive nature of hotel
operations. Private areas within hotels, accounting for 33.92% of the sampled properties, further
complicate CF calculations. Among properties with private areas, 10.53% report electricity
consumption exceeding 2,000 kWh. For the remaining 66.08% of land dedicated to tourism,
51.35% have electricity consumption exceeding 1,000 kWh, with 36.84% consuming over 2,000
kWh. These findings highlight the urgent need for adopting energy-efficient practices and
integrating renewable energy sources to reduce the CF of hotels in Unawatuna while meeting
guest expectations and sustainability goals.
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