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Abstract 
Climate change and global warming have been identified as major threats to 
the development of South Sudan due to greenhouse gases (GHGs) emission 
responsible for the rising temperatures and erosion of existing ecosystem ser-
vices that support local livelihoods. Mitigating GHGs emissions has become 
an urgent global policy trajectory with countries acceding to related Treaties 
and setting national targets. Despite having submitted its initial communica-
tions to the United Nations Framework Convention on Climate Change 
(UNFCCC), outlining specific sectors for GHGs reduction, the rapidly grow-
ing hotel industry has not been identified among the sectors and no GHGs 
emission reporting has been undertaken. Therefore, this study aimed to as-
sess, quantify and report on the GHGs emission potential of the hotel indus-
try in Juba-South Sudan, examine existing GHGs emission reporting me-
chanisms and propose a reporting framework. Using a standard quantitative 
methodology, the carbon footprint of twenty-seven hotels was assessed. The 
results showed that the hotel industry is one of the leading emitters of GHGs 
emission amounting to 14,624.9-ton CO2eq/year. The study also found no ex-
isting GHGs reporting systems in South Sudan and proposed a reporting 
framework and identified potential emissions reduction strategies for the hotel 
industry to deal with climate change and carbon emission issues of the hospi-
tality industry. It recommends that further research be initiated to 1) assess the 
applicability of the identified strategies in the context of South Sudan and 2) to 
quantify GHGs emissions from cooling appliance within the hospitality indus-
try as well as emissions from other growing sectors like the transportation. 
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1. Introduction 

The impact of climate change and global warming has become one of the con-
temporary challenges facing humanity. Greenhouse Gas (GHG) emissions 
from both natural and anthropogenic sources such as natural disasters and 
human economic activities are largely responsible for the rising temperatures 
and sea levels (Montoya-Torres et al., 2014; Abeydeera & Karunasena, 2019a). 
Given the growing body of evidence on the relationship between GHG emis-
sions and global warming, the demand to reduce carbon emissions has become 
an urgent global policy trajectory to halt the negative impacts of climate 
change on economies, health, and societal well-being due to environmental 
degradation and loss of ecosystem services (Abeydeera et al., 2019). At the 
global level, the adoption and ratification of Multilateral Environmental 
Agreements (MEAs) such as the Paris Agreement, the United Nations Frame-
work Convention on Climate Change (UNFCCC), and the Kyoto Protocol are 
one of the indicators that countries are committed to taking actions to reduce 
GHG emissions by setting national and regional priorities and reduction tar-
gets (Güereca et al., 2013). 

In South Sudan, climate change has been identified as a major threat to the 
socio-economic development of the country. Studies indicate that South Sudan 
is one of the most rapidly warming places on earth with temperatures increasing 
by 0.4˚C per decade; a rise that is two and half times higher than the global av-
erage (USAID, 2016). Yet, climate data on GHGs emissions for South Sudan is 
currently unavailable. As the newest member of the United Nations, the par-
ticipation of South Sudan in global MEAs to tackle pressing environmental is-
sues is limited. However, in 2014, the country acceded to the United Nations 
Convention to Combat Desertification (UNCCD) and UNFCCC. In response 
to the requirements of the Kyoto protocol, it prepared and submitted its In-
tended Nationally Determined Contribution (INDC) and National Adapta-
tion Plan of Action (NAPA) which outlined national emissions reduction 
measures and priority sectors, including land use, land-use change, and fore-
stry (LULUCF), agriculture, energy, and the transport sectors as the main 
sources of GHG emissions. 

For a country to establish effective carbon reduction strategies, it is funda-
mental to quantify the carbon footprint of the concerned sectors in order to 
understand the sectoral GHG emission contributions to the national emission 
scale. Hence, the concept of carbon footprint has gained momentum in envi-
ronmental science research as an important technique, which provides a bet-
ter understanding of the total amount of GHGs produced directly or indi-
rectly as a result of an activity while taking into account the different stages of 
a product life cycle (Padilla-Rivera et al., 2018). The application of carbon 
footprint analysis in climate change studies is essential because it tracks the 
carbon performance of an entity or a development sector for the establish-
ment of various GHG emissions and climate change mitigation strategies 
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(Gao et al., 2014). 
Nevertheless, tackling climate change and achieving development are two 

complex but closely related challenges we face in modern times. For instance, 
human activities that drive development such as industrialization, agriculture, 
energy, and transport are the major causes of anthropogenic greenhouse gas 
emissions. Among the different development sectors in South Sudan, the hospi-
tality sector is the only actively growing sector in the country with the numbers 
of hotels in Juba city increasing from three in 2005 to over one hundred in 2021. 
As reported by Cingoski and Petrevska (2018); Wang et al., (2018), and Abey-
deera and Karunasena (2019a), the hotel industry is one of the most intensive 
energy users within the building sector globally and emits a significant amount 
of greenhouse gases. In its national communication to UNFCCC, South Sudan 
commits to undertake a national GHGs inventory for a better assessment, quan-
tification, and development of appropriate emission reductions strategies in the 
identified sectors. However, the hotel industry which is rapidly growing has not 
been identified for carbon emission reduction. 

Addressing climate change implications of the hotel industry through GHG 
gas emissions quantification and developing emission reduction strategies can 
have a positive impact on the achievement of Sustainable Development Goals 
(SDGs). For example, Fujimori et al., (2020) has demonstrated the sustainable 
development implications of climate change mitigation where they showed that 
1% reduction of CO2 can avoid 0.57% of air pollution-related premature deaths 
(SDG3) and species richness (SDG15) can decrease by only 0.026%. we argue 
that quantifying hotels’ GHG emissions can contribute to national efforts for 
achieving sustainable development goals directly linked to SDG13 on climate ac-
tion through cooperate awareness and disclosure of environmental impacts, 
SDG8 on economic growth, SDG12 focusing on waste minimization and recy-
cling and SDG16 on mitigating climate related conflicts. 

To this end, the main purpose of this study was, therefore, to assess, quantify 
and report on the emission potential of the hotel industry in Juba-South Sudan 
and propose a framework to guide hotels’ management in developing GHG 
emissions reporting system for the sector. The findings of the study are expected 
to change the perception of the policymakers about the hotel industry in regard 
to carbon emissions and trigger the development of policy strategies towards 
climate-smart or green hotels development in South Sudan. 

2. Literature Review 

Climate change and global warming are terms commonly used interchangeably 
in environmental science discourse although they have distinct meanings. While 
the former refers to the long-term change in the climate or weather pattern that 
defines a geographical area, the latter is the long-term increase in earth temper-
ature at the global scale (Kennedy & Lindsey, 2015). Climate change is a recog-
nized threat that has become one of the main topics of global debate attracting 
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the attention of researchers, policymakers, governments, and corporations. Cli-
mate change is mainly caused by the emission of GHGs resulting from human 
activities, of which, carbon constitutes the largest portion (Kumari et al., 2018; 
Yoon et al., 2018). Increasing GHGs emissions and their negative impacts on 
global economies, environment, health, and social well-being has caused con-
cerns worldwide. These concerns have prompted world leaders to step in with 
several MEAs such as the UNFCCC, Kyoto Protocol, and more recently the Paris 
agreement aimed at reducing GHGs emissions at all levels and achieving sus-
tainable development. 

It is now known that development activities affect the environment in differ-
ent ways and scales. The building sector is among the fastest-growing industries 
with a significant contribution to environmental degradation and accounts for 
19% to 30% of global carbon emission due to their intensive energy use (Nauclér 
& Enkvist, 2009). Despite playing an important role in national economies 
through job creation and revenue generation, the hotel sector creates several 
negative environmental impacts such as waste generation, carbon emission, and 
unprecedented noise from events and power generation that disrupts social 
comfort. According to Abeydeera and Kaninasena (2019a), the hotel sector is a 
major contributor of GHG emission accounting for about 21% of the total tour-
ism sector emissions; yet these emissions have gone unnoticed in many coun-
tries including South Sudan due to either failure in identifying the hospitality 
sector among the national priority sectors targeted for emission reduction or 
unavailability of established national reporting mechanism of carbon emissions 
(Ricaurte, 2011). 

In recent years, research in hotels’ carbon emission potential has attracted the 
attention of academics and policymakers globally. However, carbon emission 
from hotels in developing countries in general and Sub-Saharan Africa in partic-
ular remains disregarded even at the policy level. This limitation has made hotels 
managers and national authorities unable to identify hotels’ GHG emission con-
tribution. For instance, South Sudan’s NAPA and INDC identified power gener-
ation, LULUCEF, agriculture, and transportation as the main sources of GHGs, 
while the waste and industry-related activities are considered negligible and no 
reference is made towards mitigating potential emissions emanating from the 
highly expanding hospitality sector running on self-generated electricity using 
onsite diesel generators (Lemi & LaBelle, 2020). 

Studies conducted by Wang et al., 2018; Pablo-Romero et al., (2017); Cingoski 
and Petrevska (2018) to investigate the carbon emissions potential of the hospi-
tality sector, revealed that hotels and the accommodation sector are a key source 
of GHG emission, which emits thousands of tons of carbon equivalent annually 
and exacerbates global warming and the associated climate change. In a related 
study conducted in Juba-South Sudan, Lemi and LaBelle (2020) showed that 
private off-grid electricity generation accounts for 1553.8 tCO2eq emissions per 
month; yet this amount is not accounted for in South Sudan’s national docu-
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ments. It is, therefore, evident that the hotel industry in South Sudan needs to be 
assessed for proper GHGs emissions and reporting mechanisms in line with the 
international standards. 

The need to reduce carbon emission is urgent and it requires the involvement 
of everyone if we want to achieve the sustainable development goal 13 and the 
aim of the Paris Agreement. In order to achieve national emission targets, prac-
titioners, policymakers, researchers and government authorities have dedicated 
attention towards the identification of mitigation strategies and reporting me-
chanisms (Zheng & Suh, 2019; Padilla-Rivera et al., 2018; Hertwich et al., 2019). 
Thus, the concept of carbon footprint which tracks the carbon performance of an 
entity/organization has been adopted to measure an organization’s contribution to 
climate change. To this end, this concept has gained wide recognition in carbon 
emission studies for the quantification of carbon emissions (Montoya-Torres et al., 
2014; Padilla-Rivera et al., 2018). While some of the studies quantified carbon 
emissions on a global and national scale (Peters et al., 2012; Wiedmann et al., 
2010), some quantified carbon emissions on a product, institutional, or town 
scale (Larsen et al. 2013; Aroonsrimorakot et al., 2013; Erickson et al., 2012) to 
influence national and global environmental strategies and policies towards 
carbon emission mitigation. 

To achieve low carbon emissions in the hotel sector, the adoption of sustaina-
ble and climate-smart practices that address environmental issues such as waste 
production and related emissions arising from hotel operations is critical. This 
requires that the carbon emissions of hotels operations be quantified to under-
stand how hotels’ activities impact global sustainability and their carbon foot-
print reported appropriately (Eskerod et al., 2019; Loyarte-López et al., 2020). 
Several carbon footprint calculations methods and guidelines have now been 
developed and used in carbon emissions quantification studies. These include 
the Kyoto Protocol, intergovernmental panel on climate change (IPCC), Inter-
national Organization for Standardization (ISO), and Life Cycle Assessment 
(LCA) (Abeydeera & Karunasena, 2019a). 

The ISO approach is based on the principles of the LCA methodology pro-
vided in ISO 14040-14044 which is used for the assessment of the environmental 
impact of products throughout their life cycles. Loyarte-López et al., (2020) also 
described a methodology for calculating the carbon footprint of intangible assets 
related to all research activities. On the other hand, Filimonau et al., (2011) de-
scribed the carbon footprint of hotels using a simplified derivative of LCA called 
Life Cycle Energy Analysis (LCEA) as the best alternative focusing on energy 
and associated carbon emissions as a measure of hotels environmental impacts 
by converting energy use data into GHG emissions. 

The carbon footprint of an institution accounts for emissions that occur 
within an organization’s defined area. It focuses on direct (Scope 1) and indirect 
emissions linked to the purchased electricity from the grid (Scope 2) and other 
indirect emissions (scope 3) caused by different activities including transporta-
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tion of goods and staff as well as disposal of wastes (Güereca et al., 2013). In this 
study, however, no national grid electricity existed in Juba at the time this study 
was conducted. The available electricity sources were self-generation using cap-
tive diesel generators. Hence, the hotels’ carbon footprint in this study was cal-
culated based on scopes 1 and 3. 

Reporting carbon emissions for an entity is an important sustainable devel-
opment indicator. The UNFCCC requires each Party to communicate to the 
convention their annual national inventory of anthropogenic greenhouse gas 
emissions using standard reporting mechanisms as a step towards reversing the 
global trend of climate change and associated disasters. The Kyoto protocol for 
instance, advocates for the reduction of greenhouse gas emission using three 
key economic instruments including Emission Trading (ET), Clean Develop-
ment Mechanism (CDM), and Joint Implementation (JI) that countries under 
Annex I of the protocol can deploy at market and project levels to control 
emissions (Laroui, et al., 2004). Despite being incredible mechanisms for emis-
sion reduction with a boost to the economy, the implementation of these me-
chanisms in countries with informal energy market designs like South Sudan 
can be difficult (Lemi & LaBelle, 2020). ISO 14064 and the International Sus-
tainability and Carbon Certification (ISCC) also provide guidelines for GHG 
emissions reporting in the context of an organization and supply chain carbon 
footprint respectively. Moreover, IPCC provides further guidelines that exist 
in five separate volumes of which, none specifies reporting modalities for the 
hospitality sector. 

Given this specificity gap, Ricaurte (2011) laments the absence of specific 
standards to guide the process of reporting hotels’ GHG emissions. Hence, Ab-
eydeera and Karunasena (2019b) proposed a framework based on the guidelines 
provided by the IPCC, ISO 14064, ISCC, and GEF to guide the process of GHG 
emission reporting for hotels, and in this study, we propose additional frame-
work to help hotels establish their reporting mechanism from scratch. 

3. Materials and Method 

The GHG emissions inventory of any institution indicates its direct and indirect 
emissions that arise from the routine daily activities, represented as a single 
weighted value using each gas’ global warming potential (GWP). This value is 
the carbon footprint that defines the climate change contribution of the institu-
tion. This study was conducted in Juba, the capital city of South Sudan to assess 
the carbon footprint of the hospitality sector with an objective to contribute to 
the GHG emissions reduction efforts of South Sudan through proper emissions 
reporting mechanisms. The GHG emissions from the hotels targeted in this 
study are based on the first three main gases, which include Carbon dioxide 
(CO2), Methane (CH4), and Nitrous oxide (N2O). To achieve the aims of the 
study, a case study approach was employed to assess the carbon emissions of 
Twenty-seven (27) hotels operating in Juba offering accommodation, catering, 
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and conference services to their clients. The hotels were selected based on two 
criteria (i) their proximity to the commercial center (i.e. 0 - 2 km) and their on-
line review at a scale of 5 with a selection cutting point of 4.0. All selected hotels 
fall under three- and four-stars categories. 

3.1. Research Setting and Data Inventory 

The setting of the organizational boundary for the study comprised of the entire 
area under each hotel management. The GHG emissions were evaluated through 
a defined operational boundary based on the three scopes proposed by the GHG 
Protocol (2020), as important levels for quantifying carbon footprint. Both direct 
and indirect emissions sources were identified and then presented in each scope 
as shown in Table 1. 

The inventory data was collected using a bottom-up approach where all the 
possible sources of emissions were first identified on the basis of ISO 14064 
standard. The data used for the emission analysis was collected from the hotels’ 
managers or their designated officers using a detailed self-administered ques-
tionnaire according to (Stewart & Cash Jr., 2008), that captured data related to; 
fuel consumption for electricity generation and transportation; water supply, 
solid waste generation, and wastewater on a monthly basis. Where there was no 
recorded data, the respondents were encouraged to estimate the monthly aver-
age quantity of that particular activity. 

3.2. Emission Factors Identifications 

Emission factors (EF) are critical in carbon footprint studies because they facili-
tate the calculation of GHG emissions by multiplying the amount of an activity 
associated with the release of the particular pollutant, expressed in their original 
internationally recognized units and converted into kilograms of carbon dioxide 
equivalent (kgCO2eq). Carbon dioxide equivalent (CO2e) is a universal unit of 
measurement that allows various greenhouse gases to be expressed as a single 
number based on their GWP per one unit of carbon dioxide (Brander & Davis, 
2012). Several countries have developed their national EF for estimating national 
emissions, however, South Sudan has not developed its own EFs. In identifying 
the emission factors to be used in this study, several reference sources were con-
sulted including the Department for Environment, Food and Rural Affairs, 
DEFRA (2019) and IPCC (2006) among other published studies as indicated in 
Table 2. 

 
Table 1. Emissions types and description of sources considered in the Carbon Footprint indicator estimation. 

Emission Type Description 

Scope 1 Direct emissions from sources under the control of the entity within its organizational boundaries 

Scope 2 
Indirect emissions from the entity’s consumption of purchased electricity, heat, or steam linked to the national 
energy mix 

Scope 3 Indirect emissions resulting from the entity’s activities but from sources not under its control. 
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Table 2. List of conversion emission factors (EF) derived from DEFRA and the IPCC. 

Operational  
Boundary 

GHGs Sources Unit EF EF Unit Source 

Scope 1 Diesel combustion l 2.677 kgCO2-e/l IPCC, 2006 

Scope 2 - - - - - 

Scope 3 

Solid waste kg 0.5865 kgCO2-e/M3 DEFRA, 2019 

Wastewater M3 0.708 kgCO2-e/M3 DEFRA, 2019 

Water supply and use M3 0.344 kgCO2-e/M3 DEFRA, 2019 

3.3. Inventory Data Analysis 
3.3.1. Data Related to Energy Generation 
The combustion of fossil fuels like diesel for power generation emits different pol-
lutants into the environment. The electricity supply in Juba is exclusively 
self-generated using captive diesel generators installed within the hotel premises. 
Activity data related to energy generation take into account fuel consumed for 
electricity generation and running hotel cars for goods and services transportation. 
GHG emissions were calculated using the emission factor presented in Table 2. 

3.3.2. Data Related to Solid Waste 
The activity data related to municipal solid waste took into account the general 
waste generated by the hotel with unknown composition. These wastes go to the 
dumping sites and then pass through the process of open burning. The emission 
factor used was taken from DEFRA (2019) which considers the total amount of 
generated waste whose composition is not known. Municipal solid waste is a po-
tential source for GHGs emissions including CO2, CH4, and N2O (Umar, 2021). 

3.3.3. Data for Hotel Water Consumption 
Water is an essential life-sustaining resource with a high ecological and social 
value as well as a driver for sustainable development. The hotel sector consumes a 
huge amount of water for its daily operations, including kitchens and restaurants, 
laundry, guestrooms, and swimming pools. Yet in most developing countries, its 
acquisition is very expensive for the hotels as a large amount of it is bought from 
private tankers owners and having intense energy use and GHG emissions impli-
cations. The data inventory analysis of water use focused on GHG emissions asso-
ciated with water withdrawal, storage, and distribution. Since there were no filed 
records for water consumption in most of the assessed hotels, a monthly average 
figure for the volume of water was estimated by the respondents. 

3.3.4. Data Related to Wastewater 
Juba has currently no wastewater treatment plant. The wastewater from the hotel 
rooms and kitchens flows into a decentralized septic tank within each hotel 
premises. When the septic tanks get full, the contents are exhausted and dis-
posed of in designated pits in the outskirt of Juba city. This study recorded the 
volume of wastewater generated by each hotel for a period of one month to faci-
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litate GHG emissions analysis. Wastewater is a potential source of methane 
(CH4), nitrous oxide (N2O) emissions, and carbon dioxide (CO2). Despite the 
assertion of Griffith et al., (2009); Law et al., (2013); and Chai et al., (2015) for 
the underestimation of fossil CO2 emissions from wastewater in all GHG emis-
sions reporting, IPCC recommends that CO2 emissions from wastewater should 
not be considered when reporting national total emissions because of its biogen-
ic origin. On this note, this study focused only on CH4 and N2O emissions. 

3.4. GHG Emission Quantification 

GHG emissions of the twenty-seven hotels were quantified based on scopes 1 and 3 
indicated in Table 2 because there was no relevant data for scope 2 at the time of 
data collection as stated earlier. As per the guidelines provided by IPCC, the emis-
sion of each GHGs is calculated by multiplying the activity data associated with the 
release of the particular gas by its corresponding emission factor, which is com-
monly used internationally according to Equation (1). In this study, the quantifica-
tion process followed the procedure used by Abeydeera and Karunasena (2019a), 
focusing on three greenhouse gases including CO2, CH4, and N2O, using Equations 
(1)-(4) respectively. The emission resulting from water consumption was calculated 
according to Equation (5), meanwhile, those from nonhazardous solid waste and 
wastewater were calculated using Equations (6) and (7) respectively. 

( )2kg CO -eGHG AD EF= ×                    (1) 

( )2 2CO . CO
1 1

f F t T
C

f t f
f t

E A EF
= =

= =

×= ∑ ∑                    (2) 

( )4 44CH . CHCH
1 1

f F t T
C

f t f
f t

E A EF G
= =

= =

× ×= ∑ ∑                 (3) 

( )2 22N O . N ON O
1 1

f F t T
C

f t f
f t

E A EF G
= =

= =

× ×= ∑ ∑                 (4) 

( ) ( )2CO
1

t T
WC

WC t WC t
t

E A EF
=

=

×= ∑                     (5) 

( ) ( )2CO
1

t T
MSW

MSW t MSW t
t

E A EF
=

=

×= ∑                    (6) 

( ) ( )2CO
1

t T
WW

WW t WW t
t

E A EF
=

=

×= ∑                     (7) 

Equations Abbreviations 
AD: Activity Data; EF: Emission Factor; GWP: Global Warming Potential; 

( )WC tA : Amount (m3) of fresh water used in the t period; ( )MSW tA : Amount (kg) 
of solid waste generated in the t period; ( )WW tA : Amount (m3) of wastewater 
generated in the t period; .f tA : Amount (l) of the f type of fuel used in the t pe-
riod; ( )MSW tEF : Emission factor of CO2 for the t type of solid waste in the t period; 

( )WC tEF : Emission factor for the use of fresh water in the t period; ( )WW tEF : Emis-
sion factor for wastewater management in the t period; ( )4CH fEF : Emission fac-
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tor of CH4 for the f type of fuel; ( )2CO fEF : Emission factor of CO2 for the f type 
of fuel; ( )2N O fEF : Emission factor of N2O for the f type of fuel; 

4CHG : Global 
warming potential of CH4; 

2N OG : Global warming potential of N2O; (
2CO

CE ): Carbon emission due to 
consumption of fuel f; (

4CH
CE ): Methane emission due to consumption of fuel f; 

(
2N O

CE ): Nitrous oxide emission due to consumption of fuel f; (
2CO

WCE ): Carbon 
emission due to use of fresh water; (

2CO
MSWE ): Carbon emission due to municipal 

solid waste; (
2CO

WWE ): Emission due to wastewater management. 

3.5. GHGs Emission Reporting Mechanisms 

After determining the environmental impact of the hotel sector through the 
quantification of the total GHG emissions, a reporting mechanism for the hotels 
was proposed in order to ensure that the hotel sector is environmentally respon-
sive in its operations. This is proposed in line with the requirements of the Kyo-
to Protocol on carbon reduction by countries and supported by the review of re-
levant literature. 

4. Results and Discussions 
4.1. Carbon Footprint for the Hotels 

Despite playing a significant role in the national economy, the hotel industry is a 
major contributor of GHG emissions into the environment. In this study, a 
consumption-based carbon footprint of 27 hotels in Juba, South Sudan was eva-
luated. Figure 1(a) presents the different sources of GHG emissions classified as 
Scope 1, Scope 2, and Scope 3. The total greenhouse gas emissions that resulted 
from the activities of these hotels amounted to 14,624.9-ton CO2eq on an annual 
basis. 98% of the GHGs were from scope 1 (i.e. fuel consumption) and 2% of the 
GHGs were from scope 3 sources. No data was recorded for Scope 2, which is 
related to emissions resulting from the use of purchased electricity (IPCC, 2006). 
As stated earlier in this study, Juba had no on-grid electricity supply when the 
study was conducted except onsite self-generation of electricity by each hotel 
using diesel generators. While scope 1 is solely emissions resulting from diesel 
combustion, 59% of scope 3 emissions were wastewater-related emissions, 38% 
were from withdrawing water, storage, and consumption and 3% emissions were 
from solid wastes. Figure 1(b) shows the detailed breakdown of the total emis-
sions by source. 

Through a detailed examination of the hotels’ emission rates, the study re-
vealed that there was no uniformity in the rates of GHG emissions across all ho-
tels. For example, hotel 4 in Figure 2 has the highest emissions rate (1321.9-ton 
CO2eq) while hotel 7 has the lowest emissions rate (58.7 tCO2eq) per annum. A 
detailed investigation into each hotel revealed a direct relationship between the 
class/services offered by the hotel and the corresponding carbon emissions. 
High-quality hotels emit more GHGs due to the varieties of services and accom-
modation capacity they offer than those classified as low quality having limited  
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(a) 

 
(b) 

Figure 1. An annual GHG emissions by (a) scopes (b) source in tonCO2eq. 
 

services. This finding agrees with Abeydeera and Karunasena (2019a) who re-
ported that in Sir Lanka, large hotels with high class have high emissions than 
guest houses and self-catering apartments because of the extra facilities such as 
restaurants, bars, SPAs, and swimming pools which generate more wastes and 
consume more energy. Figure 2 shows the comparison of the different emis-
sions levels of each hotel with a vertical average emission level of which, a total 
of 11 hotels have surpassed. 

4.1.1. Energy Generation Related GHG Emissions 
Energy production and consumption is the major source of greenhouse gas 
emissions that results from the combustion of fossil fuel like oil, coal and natural 
gas. Globally, about 40% of the carbon emissions are associated with energy pro-
duction (Abdallah & El-Shennawy, 2013), and in Juba, electricity is self-generated 
using diesel generators. According to Goldemberg et al., (2000), diesel generators  
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Figure 2. Levels of GHG emissions by hotel. 
 

are still the main choice for electricity generation in the developing world due to 
their convenience and low installation costs. Steinbuks and Foster (2010) further 
reported that more than 6% of the installed electricity generation capacity of 
Sub-Saharan Africa is based on diesel generators. In South Sudan, the World 
Bank (2013) recommended the use of diesel generators for electricity generation 
due to limited financial resources for South Sudan to develop the available re-
newable energy sources. Consequently, Mozersky and Kammen, (2018) la-
mented that the absence of on-grid electricity in Juba city has culminated in a 
surge in the number of privately-owned diesel generator sets of varying capacity 
in the city. In this study, a total of 77 diesel generator sets with power capacity 
ranging from 30 to 950 kVA and running age of 1 to 10 years old were recorded. 
The combustion of diesel emits dangerous pollutants such as carbon dioxide 
(CO2), nitrogen oxide (NOx), nitrous oxide (N2O), sulfur dioxide (SO2), and 
methane (CH4) into the air causing significant human health impacts. These 
pollutants are potential GHGs that are responsible for global warming and 
changes in climatic patterns. 

Hotels’ energy use intensity (EUI) is extremely high and varies with the hotel’s 
geographical locations. Yao et al., (2015) reported that hotels located in hot areas 
consume more electricity compared to those in cold areas. Such energy con-
sumption rates culminate in the emission of a large amount of GHGs into the 
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environment. In this study, for instance, the annual energy generation and 
consumption-related emissions is 14,356.5 tonCO2eq. As a country depending 
entirely on diesel-fired electricity, it is undoubted that the hotel and accom-
modation sector is one of the leading GHGs emitter in South Sudan after the 
agriculture sector. With the growing demand for hotel services in Juba, di-
esel-fired electricity-related GHG emissions will continue to increase exponen-
tially due to hotels’ operational expansion without the integration of sustaina-
bility aspects. 

4.1.2. Solid Waste Related Emissions 
Solid wastes are potential contributors to global warming and climate change 
through greenhouse gases emission into the environment (Umar, 2021). Hotels 
are important sources of waste generation with adverse impacts on the environ-
ment (Mensah, 2020; Guidoni et al., 2018). According to the Juba City Council, 
the body responsible for the governance of the city, Juba generates an estimated 
3240 metric tons of solid waste per day, of which organic matter constitutes the 
largest portion and the hotel industry has a significant contribution. However, 
the effective management of solid waste remains a challenge for the local author-
ities. 

In this study, the total GHG emissions from all generated solid waste by the 
hotels amounted to 7.1 tons CO2eq/year. This amount is however questionable 
given the available body of literature regarding hotels’ solid waste generation 
and the corresponding emissions. According to Trung and Kumar (2005), a 
typical hotel guest waste generation ranges from 0.4 to 17 kg/per day. In this 
context, it is undeniable that the amount of solid waste in this study represents 
a small fraction of the actual solid waste related GHGs emitted by the hotels in 
Juba. During the assessment, it was observed that hotels in Juba do not have 
any form of waste management system and records. The solid wastes they 
generate are often collected and then transported to an open dumping site 
where incineration takes place and toxic gases are emitted into the environ-
ment. An effective hotel waste recording is a good management trajectory for 
improving the sector and moving it towards developing sustainable solutions 
such as reduce, reuse, and recycle (3Rs). This practice of solid waste manage-
ment is feasible because an estimated 30% of the hotel’s solid waste can be 
sorted, reused, recycled, or recovered (Chaabane et al., 2018). Thus, hotels in 
Juba could improve their waste management practice through proper record 
keeping of the amount and the composition of the solid waste they generate as a 
foundational step towards mainstreaming sustainability into the sector and re-
ducing carbon emissions. 

4.1.3. Water Use and Wastewater Related Emissions 
Water is the most essential resource with a high social and ecological value used 
in large quantities in the hotel industry. This consumption is however contex-
tual, depending on climatic factors, seasonality, hotel size, design, and age (Cole 
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et al., 2020). Studies have shown that the per capita use of water by hotel users is 
higher than that of the local residentials and this varies substantially in devel-
oped and developing countries as well as on the basis of the hotel standard with 
luxurious hotels consuming more (Becken, 2014; Tirado et al., 2019). On aver-
age, the consumption level in a European hotel, for instance, is 394 liters/person/ 
night, 313 liters in Australia and New Zealand while in developing country like 
Barbados is 839 liters (Mclennan et al., 2017; Charara et al., 2011). In Juba-South 
Sudan, the consumption is significant and varies with the hotel’s standard and 
size. This variation agrees with Gössling (2015) who reported that luxurious ho-
tels with high standards consume more water than those categorized as low 
standards in the tourism sector. 

Given the high-water consumption rate, a large quantity of wastewater is also 
generated as a result of the hotels’ daily activities. Unlike in most urban settings 
with large-scale centralized wastewater treatment plants, Juba relies entirely on 
on-site septic tanks that retain both dense, settled sludge and less dense, floccu-
lent waste. Previous studies have documented substantial evidence for the emis-
sion of GHGs such as CH4, CO2, and N2O from conventional septic tanks 
(Diaz-Valbuena et al., 2011). A hotel’s GHG emission from water consumption 
and associated wastewater is a considerable contributor to the carbon inventory 
of individual sector. Using DEFRA (2019) emission factor for the quantification 
of GHGs emissions, this study found that the hotels’ carbon footprint related to 
water management is 261.3 tonCO2eq, of which 102.7 tonCO2eq is from water 
consumption and 158.6 tonCO2eq from wastewater. As reported by Abeydeera 
and Karunasena (2019a), luxurious hotels offering a range of services to guests 
have higher emissions than non-luxurious ones which directly correspond with 
the volume of water consumed and wastewater generated. 

4.2. GHG Emissions Reporting 

Hotels GHGs emission reporting has gained recognition as a key indicator of 
environmental sustainability. As part of corporate social responsibility (CSR), 
companies are expected to disclose information regarding their environmental 
performance through emissions reporting to prove their transparency and ac-
countability to national policies. There is now consensus in the scholarship 
that companies with good environmental performance and involvement in en-
vironmental conservation activities including consistent emissions reporting 
have a good reputation, increased value, and stand out as leaders in advancing 
sustainable development (Solikhah et al., 2021). Nevertheless, none of the 27 
hotels has ever recorded its carbon emissions or reported environmental per-
formance. 

As a new signatory to UNFCCC, this study also found no existing national 
GHG emission reporting guidelines to facilitate emissions reporting in line with 
the requirements of the convention. The absence of existing reporting guidelines 
means that accurate and sector specific GHG emissions in the country have not 
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been determined. In this study, we propose an emission reporting framework as 
a complementary to the framework by Abeydeera and Karunasena (2019b) with 
an institutional design perspective to help hotels develop a simplified emission 
reporting system with elements of promoting compliance with existing global 
requirements. 

5. Proposed GHG Emissions Reporting Framework  
for Hotels in Juba 

When establishing a GHG emission reporting mechanism, it is essential to iden-
tify specific operational aspects while taking into account the three scopes from 
which emissions data is to be collected. The reporting process is a combination 
of different steps that should be followed closely to implement a successful re-
porting mechanism. Based on the literature review coupled with the study find-
ings, we triangled the steps involved in GHG emission reporting process into 
three main setups including institutional, technical and monitoring and verifica-
tions setups which is being referred to as a framework (Figure 3). Each setup of 
the framework provides a list of practical activities to guide hotels in developing 
a reporting mechanism. Using this framework, the GHG emissions of the hospi-
tality industry can be recorded under the three scopes (i.e. direct emissions, in-
direct emissions and other indirect emissions). These have been derived from 
the literature review which showed that data related to GHG emissions shall be 
collected under three main scopes and should follow a sequential process to 
avoid missing important data and evaluation process. 

 

 
Figure 3. A proposed framework for developing hotels’ GHG emission reporting system. 
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Using the outlined three stages of the framework presented in Figure 3, hotels 
can establish their emission reporting system that is simple to implement and 
complies with relevant standards. This framework also integrates essential ele-
ments of environmental human resources development (Piwowar-Sulej, 2021) 
currently missing in South Sudan through building staff capacity on general en-
vironmental management and GHG emission reporting procedures as well as 
establishing collaborative partnerships with the relevant national institutions 
concerned with emission reporting. It further institutionalizes an effective mon-
itoring and verification system to ensure compliance with both national and in-
stitutional operational standards. 

6. Conclusion and Recommendations 

This study was conducted in Juba-South Sudan focusing on analyzing the envi-
ronmental performance of hotels operation, regarding their carbon emissions 
status and GHGs emission reporting. GHG emissions from twenty-seven hotels 
were quantified in terms of carbon dioxide equivalents. The findings showed 
that hospitality industry is responsible for a large amount of GHGs emission 
amounting to 14,624.9-ton CO2eq/year, with diesel consumption for electricity 
generation being the main source of hotels’ GHG emissions. Other sources of 
hotels’ GHG emissions include water consumption, wastewater and solid waste. 
However, concerns were noted on the solid waste management practices of the 
hotels since the reported amount does not agree with the available literature re-
garding hotels’ per capita waste generation. Using the method adopted in this 
study, it was further identified that the carbon footprints of the other hotels that 
were not captured in this study can also be calculated to achieve a comprehen-
sive record for establishing representative emission benchmarks that would help 
monitor and improve the carbon footprints of hotels. 

The study found that South Sudan lacks relevant guidelines to encourage ho-
tels operating in the country to prioritize environmental protection in their op-
erations. This has created reluctance among hoteliers in integrating environ-
mental management practices and proper reporting on the hotels’ environmen-
tal performance. Hence, this study proposed a framework whose adoption by the 
hotels’ management would integrate environmental education into the hotel in-
dustry through capacity building initiatives, promote collaborations with the na-
tional authorities, and encourage hotels to periodically report on their GHG 
emissions. 

As supported by existing literature on hotels’ GHG emissions potential, ad-
dressing issues of hotels’ carbon footprint has become an important aspect of in-
itiating sustainability in the industry to impact the global carbon emission re-
duction effort. We, therefore, conclude that the hospitality sector in South Sudan 
be included among the priority sectors targeted for GHG emissions reduction 
and that the government needs to develop national emission reporting guide-
lines. The GHG emissions reporting framework proposed in this study could be 
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employed as a guide for developing a comprehensive national reporting me-
chanism for South Sudan to secure the health of its environment and people 
from the negative impacts of GHG emissions while achieving several Sustainable 
Development Goals. 

In line with the Kyoto Protocol’s targets for GHG emission reduction, we have 
identified potential reduction strategies for the hospitality industry including 
adoption of alternative energy sources like solar energy, mainstreaming climate 
change precautions in designing buildings, implementing environmental and 
sustainability practices and complying with or enforcing national environmental 
regulatory measures that can facilitate transition to sustainability practices that 
conserve the environment while improving revenues. However, we recommend 
that further research to examine the applicability of these strategies in South Su-
dan’s context be pursued. We also recommend additional studies to quantify 
greenhouse gases from cooling appliance within the hospitality industry as well 
as emissions from other growing sectors like the transportation. 
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