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ABSTRACT 

The increase in the number of guest houses is applausive for its socio-economic 

benefits through income generation, job creation and entrepreneurship growth. 

However, the increase in the number of guest houses is proportional to energy 

demand. Thus, increase in energy efficient guest houses is more desirable in order 

to achieve sustainable development. Therefore, the aim of this study was to assess 

energy efficiency in selected guest houses in Mpumalanga province 

Through in-depth literature analysis, an energy efficiency framework that builds on 

and advances the input-output ration and energy saving model was developed. This 

framework has five indicators which are categorised into financial and nonfinancial, 

namely: energy quantity, cost, carbon equivalence, services quantity and quality. 

The framework clarified the differences between energy saving and energy 

efficiency, while it identifies energy saving and services levels as two parameters or 

components of energy efficiency. This framework was later implemented and used to 

assess energy efficiency in eight selected guest houses in Mpumalanga province. To 

assess energy efficiency using the framework, three standard or common services in 

guest houses such as indoor lighting, water heating and indoor thermal comfort were 

assessed for energy saving and compliance with industry standards. 

The results of the assessment were analysed through descriptive statistical and 

explanatory methods. Using the framework, the study found that few of the selected 

guest houses did save energy in one or more of the standards services. However, 

some methods used in the guest houses were found to be highly costly and resulted 

in high energy quantity consumption and high carbon footprint.  
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Thus, these methods failed the test for characterisation of energy saving methods. 

Furthermore, the study found that all indoor lighting services didn’t meet minimum 

industry standards for indoor lighting of 100lux. All water heating standards were 

compliant, while indoor thermal comfort standards differed among guest houses. 

Thus, none of the guest houses met the minimum criteria for characterisation as 

being energy-efficient. However, different services qualified.  

Hence, the findings confirm that the energy efficiency framework was effective and 

reliable in the characterisation of energy-efficient guest houses. This framework 

builds on and advances the input-output ratio and energy saving models previously 

used.  

Key terms: 

Energy saving; energy efficiency; hotel services standards; financial benefits; 

Methods for measuring energy consumption; non-financial benefits;  carbon 

accounting management; environmental management accounting; energy audit; 

energy saving methods  
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CHAPTER 1: BACKGROUND OF THE STUDY 

1.1 INTRODUCTION   

Energy-efficient guest houses play a role in helping communities to achieve equitable 

social, economic and environmental (sustainability) development. For this reason, an 

increase in energy-inefficient guest houses is a sustainability risk for communities 

(Forte, 1994; South African Bureau of Standards, 2008). With double the number of 

guest houses in South Africa between 1997 and 2004, the social, economic and 

environmental impacts of the increase in guest houses remain unknown (Nuntsu, 

Tassiopoulos & Haydam, 2004). This study will therefore assess whether these guest 

houses are energy-efficient. 

Over the years, the energy demand of guest houses increased proportionally to the 

number of new guest houses (Ali, Mustafa, Al-Mashaqbah, Mashal & Mohsen, 2008). 

Previous research found that hotels are the highest energy-consuming buildings 

(Farrou, Kolokotroni & Santamouris, 2012: 553). Contrary to the social, economic and 

environmental benefits associated with the increase in new guest houses, guest houses 

that are not energy-efficient represent a sustainability risk to the society. As a result, 

energy-efficient operations are not only beneficial to the internal stakeholders in guest 

houses, but provide social, economic and environmental benefits to external 

communities. Although this rapid growth in the number of guest houses might be a new 

phenomenon in South Africa, it is according to Mensah (2006) a common trend in New 

York, California, Massachusetts and Michigan.  
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This phenomenal growth in the number of guest houses in South Africa can be 

attributed to three important factors, namely (1) a global change in accommodation 

preferences of tourists, (2) entrepreneurial growth and its opportunities within the 

tourism and hospitality industry, and (3) the globalisation of the South African economy. 

These three factors can be found in literature and recent research findings. First, 

Nuntsu et al (2004) and Mensah (2006) confirm that guest houses have become the 

preferred alternative accommodation for tourists rather than traditional hotels. Second, 

according to Nuntsu et al (2004) South Africa has become the most visited destination 

in Africa since the country became a democracy. Finally, literature confirms that local 

entrepreneurs are most likely the owners of small-sized hotels like guest houses rather 

than large and medium-sized hotels (Mensah, 2006). 

The growth in the number of guest houses in local communities leads to job creation, 

income generation and entrepreneurial growth (Rogerson, 1998; Mensah, 2006), but 

increases in the number of guest houses that are not energy-efficient represent an 

increase in energy demand. The disadvantages of high energy consumption are 

twofold, namely it leads to an increase in the cost of energy to balance supply and 

demand, as well as an increase in green house gas (GHG) emission in the atmosphere 

because more than 70% of South Africa’s electricity is produced from coal. High energy 

prices give rise to low profits for businesses such as guest houses and high living costs 

for communities. In most cases business pass the cost on to consumers. 
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An increase in the levels of GHG emissions could lead to climate change which, in turn, 

could lead to a lower life expectancy as a result of the social, economic and 

environmental consequences of climate change (United Nations, 1992). 

Much of the research on energy use has focused on energy saving and efficiency in 

large and medium-sized traditional hotels that are largely owned by international 

corporate groups with enough capital to invest in expensive energy-saving methods 

(Zografakis, Gillas, Pollakim, Profylienou, Bounialetou & Tragarakis, 2011).The focus of 

this study, however, was on energy efficiency in selected guest houses in the 

Mpumalanga province. To date, little attention has been given to the quantifying of 

costs, carbon foot print and amount of energy used in guest houses. It is also not known 

whether the energy-saving methods in the guest houses are efficient. For this reason, 

the focus of the current study is on the hotel category registered by the Tourism Grading 

Council of South Africa (TGCSA, 2013) as guest houses. 

1.2 MOTIVATION FOR THE STUDY 

The life cycle of a guest house revolves around the availability and reliability of energy 

supply during all four stages, namely the construction stage, the operational stage, the 

demolition stage and the refurbishment stage (Rosselo-Batle, Moia, Cladera & Martinez, 

2010). Although energy is being used in all four stages, literature shows that the 

operational stage consumes the highest amount of energy compared to all the other 

stages (Kotaji, Schuurmans & Edwards, 2003; Chan, 2010). However, the operational 

stage is the only stage in the life cycle that continues for the entire life span of a guest 

house (Chen & Burnet, 2001).  
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Furthermore, studies conducted by researchers such as Ali et al (2008) found that the 

cost associated with energy consumption is the second highest operational cost after 

payroll costs (remuneration of workers). These findings demonstrate the importance of 

saving energy in the operations of a guest house. Reducing the operational costs 

associated with energy consumption can improve the profitability of these guest houses. 

Further, it can sustain jobs, help to generate income, and improve the entrepreneurial 

growth of the accommodation establishments.  

In the case of guest houses, energy efficiency cannot be viewed as a choice, but as a 

means to business survival, given the findings from previous studies that approximately 

80% of small, micro and medium enterprises, including guest houses, fail within the first 

five years of operation (Dube, 2001). Financial difficulties as a result of unprofitability 

and high operational costs are one of the major causes of business failure (Dube, 

2001). This study hypothesises that guest houses will increase their profit margins and 

reduce operational costs through energy-efficient operations. Many guest houses 

usually face financial difficulties, which could lead to business closure. Energy-efficient 

practices, however, could potentially alleviate these financial challenges.  

Although some guest houses have already started implementing different energy-saving 

methods in their operations, the effectiveness of these methods remains unknown. 

Investing in activities and programmes without understanding the anticipated or actual 

efficiency potential could be financially detrimental to the guest houses. The capital cost 

of implementing energy-saving methods and the potential savings could outweigh the 

benefits of saving energy in the guest houses (Zografakis et al, 2011).  



 

14 

 

A recent study also highlights the fact that high-cost methods of energy saving do not 

necessarily lead to high returns (Zografakis et al, 2011). For this reason, the current 

study assesses the different energy-saving methods used in the selected guest houses 

as well as their effectiveness.  

Although energy saving is known to have positive environmental, social and financial 

benefits both internally and externally to the guest houses, literature reveals that 

managers of guest houses are reluctant to implement these methods (Teng, Horng, Hu, 

Chien & Shen, 2012). Despite the findings from previous studies, the extent to which 

guest houses understand energy saving, the types of energy saving systems 

implemented and their efficiency remain unknown. However, reluctance of guest house 

operators is an indicator of the level of knowledge that influences their behaviour 

towards energy use (Kriek, 2007). Therefore,  by assessing energy-saving methods in 

the selected guest houses, it is anticipated that informed decisions about energy use 

and energy saving would be achievable by investors. 

Three basic and common (standard) services that consume energy in guest houses, 

namely indoor lighting, water heating and indoor thermal comfort, were selected for the 

assessment of energy efficiency and testing of the hypothetical framework. Stemming 

from the theoretical definition of energy efficiency, the study assessed energy saving 

and levels of services rendered in these guest houses (Barros, 2004; Efficiency 

Evaluation Organization, 2010).  
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Thus, only guest houses that save energy from their operations and comply with 

minimum services standards for the three standard services qualified to be classified as 

energy-efficient guest houses. 

1.3 PROBLEM STATEMENT 

High energy costs inhibit job creation, income generation and entrepreneurial growth. 

This usually results in enterprise failure among small businesses such as guest houses 

(Dube, 2001). Further, high energy consumption does not affect the guest houses only 

(Kostka, Moslener & Andreas, 2013). It also has far reaching social, economic and 

environmental consequences for general communities through increased energy costs 

due to increased demand and increased emission of green house gas to the 

atmosphere. This may lead to climate change and the resulting social challenges 

associated with climate change (Hawkes & Williams, 1993; Deng, 2003). In an effort to 

address high energy consumption, some guest houses implement high-cost engineering 

methods such as retrofitting that do not necessarily yield positive results.  

Increasingly, there is a need to build on and advance input-output ratio energy efficiency 

framework in order to reduce input energy while output services remain compliance to 

minimum services standards. In its current form, the input-output ratio fails to assess the 

impact of energy saving on the quality of output services provided in the guest houses. 

Furthermore, the latter is limited to a pure quantitative determination of input and output 

efficiency ratio.  
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Hence, the aim of this study was to assess energy efficiency in selected guest houses 

in Mpumalanga province using an energy efficiency framework which is adapted from 

and builds on input-output ratio. 

1.4 RESEARCH QUESTION 

The research question can therefore be stated as follows: How energy efficient are the 

selected guest houses in Mpumalanga province? 

1.4.1 Specific research questions 

Specific research questions that will be answered are the following:  

1.4.1.1. How are guest houses saving energy? 

1.4.1.2. How is the quality of services provided in these guest houses?  

1.4.1.3. What is the influence of energy saving on the quality of services provided by 

these guest houses?  

1.5 ETHICAL CONSIDERATIONS 

Consent to participate in the study was solicited in writing and signed by the owners, 

operators and/or managers of the selected guest houses. In the consent form the 

potential participants were informed about their right to withdraw from the study, their 

rights regarding privacy and confidentiality, and the direct or indirect benefits of the 

study for guest houses in general.  
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Further, no person under the age of 21 was allowed to participate in the study. Privacy 

and anonymity of participants were maintained, and no names of participants or guest 

houses were mentioned. In addition, the study did not publish any information or 

features that could be used to directly identify a guest house that participated in the 

study.  

1.6 STRUCTURE AND PRESENTATION OF THE THESIS 

The thesis is further organised as follows:  

Chapter 2: Hotel industry and energy use 

A description of hotel classification systems and grading of services is presented with 

the aim of defining different categories of hotels and service levels offered in hotels. In 

this chapter, the study discusses the operations of a hotel and points out key standard 

hotel services and areas of energy consumption. 

Chapter 3:  Energy efficiency framework 

This chapter defines energy efficiency and energy saving. In the chapter, energy 

efficiency parameters and indicators as well as the relationship between energy saving 

and services standards or levels are discussed. Different frameworks for energy 

efficiency and their advantages are discussed and the adopted framework for the 

current study is identified. 

Chapter 4:  Description of the area  

This chapter demarcates the study area and scope of research from the country, 

province to local municipalities and exact location of each guest house.  
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The demographics and climatic profiles of each location are discussed with reference to 

their influence on energy saving, services levels and energy efficiency of guest houses. 

Chapter 5:  Research methodology 

In this chapter, the study discusses the research procedures, techniques, data 

collection, data analysis and study limitations.  

Chapter 6:  Energy saving in the guest houses  

Chapter 6 presents empirical results on different energy saving methods implemented in 

the selected guest houses. This chapter also discusses the levels of energy saving from 

each guest house and selected services provided in each guest house.  

Chapter 7:  Services levels in the guest houses  

The services standards and levels of services provided by the selected guest houses 

are presented and discussed in detail.  

Chapter 8:  Summary, conclusion and recommendations 

This chapter summarises and makes conclusions and recommendations about energy 

saving and services levels provided by the selected guest houses with a view of 

highlighting the relationship between energy saving and quality of services provided in 

the guest houses. Finally, an energy efficiency framework which builds on and 

advances the input-output ratio model is developed, and is recommended for future 

testing.  
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CHAPTER 2: HOTEL INDUSTRY AND ENERGY USE 

2.1 INTRODUCTION 

The classification system of hotels and star grade levels, which are used to define the 

quality of services in the hotel industry, are discussed in this chapter. In the context of 

this classification system, the categorisation of a guest house is subsequently 

explained.  

The different stages of the life cycle of a guest house are discussed. The relationship 

between the stages and the differences in energy use at the different stages are 

explained. Furthermore, operational departments or divisions within the guest house are 

deliberated upon, and the aim is to highlight common operations that are defined as 

standard services in guest houses. Further, indoor lighting, water heating and indoor 

thermal comfort are identified as three standard services that are prerequisites in the 

operations of a guest house. These selected energy use operations are discussed 

specifically with regard to how they contribute to energy consumption and how they are 

managed in guest houses. Finally, a discussion on an energy consumption benchmark 

for guest houses and the minimum standards of services for three selected services are 

presented.  

2.2 CLASSIFICATION SYSTEM FOR HOTELS 

In South Africa, hotels are classified according to six categories and a five-star grading 

system (Tourism Grading Council of South Africa, 2013). There are two hotel 

categories, namely formal accommodation and guest accommodation (see figure 2.1).  
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A guest house is a hotel establishment that falls under the subcategory of guest 

accommodation. For this reason, the term "hotel" used in this study refers to all hotel 

categories. Furthermore, it is evident from the classification system of hotels discussed 

in this study that no hotel establishment could classify itself as a guest house or any of 

the categories unless it has been formally registered by the TGCSA as such. This 

explains why the research only recognised and allowed hotels registered in the category 

of guest houses as respondents in this research. 

 

 

 

 

 

Figure 2.1: Hotel categories in South Africa 

Source: Tourism Grading Council of South Africa (2013) 

The five-star grading system is useful for rating the standard of decor, internal finishes, 

luxury and levels of services offered in each hotel category. In this star- grading system, 

one star indicates the lowest levels of decor, finishes, luxury and levels of services 

offered, while five stars indicate the highest rating of decor, finishes, luxury and levels of 

services offered for the different hotel categories (see table 2.1). The rating depends on 

the level of the services offered and finishes in each hotel category.  

1. Hotel  

2. Lodge 

3. Self-catering  

4. Country house  

5. Guest house 

6. Bed and breakfast  
Guest accommodation 

Formal accommodation 
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For each hotel category the standard of services and guest comfort are represented by 

the star grade awarded by the TGCSA (2013).  

Table 2.1: Classification and description of star grading 

Star grade Description 

One Acceptable services that meet basic standards 

Two Good quality of finishes and services in the overall standards 

Three Very good quality of finishes and services in the overall standards 

Four Excellent quality of finishes and services in the overall standards 

Five Outstanding or exceptional quality of finishes and services in the overall standards 

Source: Tourism Grading Council of South Africa (2013: 3) 

The primary significance of understanding star grades of guest houses in this study is 

the fact that these star-grade levels represent guest expectations for services. Guest 

expectations proportionally lead to an increase in demand for energy use in an attempt 

to satisfy guest comfort levels. The star grade of a hotel therefore has an impact on the 

amount of energy used by a hotel (Trung & Kumar, 2005). However, this was not the 

focus of investigation in this study. 

2.3 GENERIC OPERATIONS OF A HOTEL 

As the current study examines energy use within the operations of the selected guest 

houses, an understanding of the operations of guest houses is seen as important. 

Conducting energy audits is only possible when one has knowledge of the operations of 

guest houses.  
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Energy audits can be used to identify operational activities, appliances and services for 

which energy is used as well as to prioritise energy saving (Burrit & Saka, 2006). 

Although the operations of different guest houses are often subdivided into 

departments, divisions or cost centres, the guest houses generally render common 

services.  

Literature shows that large hotels generally have more departments compared to 

smaller hotels such as guest houses (Nuntsu et al, 2004). It has been found that large 

hotels in Vietnam have on average six or more departments (Trung & Kumar, 2005). 

However, guest houses with fewer departments have proven to be more successful 

according to studies conducted in Accra (Ghana) and Buffalo City (Republic of South 

Africa) (Nuntsu et al, 2004; Mensah, 2006). Thus the study has adopted the division of 

three distinct operational areas in the current study from Ali et al (2008): 

2.3.1 The guest room  

A guest room would generally include the bedroom and bathroom, shower and toilet 

facilities (Perez-Lombard, Ortiz & Pout, 2008). Depending on the star grade and level of 

services provided by a guest house, more luxurious room facilities such as a steam 

room may form part of this department.  A guest room is a compulsory department in a 

guest house, as one would not find a guest house without a guest room. 
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2.3.2 The public area  

This department includes the reception hall, restaurant, banquet room/s, swimming 

pool, health club or gym and other facilities shared by guests. However, depending on 

the location and set-up, a guest house can operate without public areas. 

2.3.3 The service area 

The service area includes the kitchen, office, storerooms, laundry and other areas. In 

some guest houses, these services could be outsourced. As a result, not all guest 

houses are rendering these services themselves within their own premises. 

Given the discussion on common operational departments of guest houses, it seems 

that each guest house would be expected to have a guest room. However, not all guest 

houses would have public and service departments. Therefore, for the sake of 

consistency this study would assess energy efficiency of each guest house within a 

guest room setting. In light of this, this study assesses energy efficiency for indoor 

lighting, water heating and indoor thermal comfort services only in the guest rooms of 

the selected guest houses. Thus indoor lighting, water heating and indoor thermal 

comfort are defined as standards guest houses services in the current study. 

2.4 ENERGY SOURCES 

Literature shows that hotels use energy availability, cost and its reliability when 

selecting an energy source for their operations (Teng et al, 2012).  
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The different types and forms of energy used in guest houses are generated from 

renewable or non-renewable sources (Ali et al, 2008). It is important in this study to 

differentiate and discuss renewable and non-renewable energy sources because the 

use of either has an impact on energy saving levels of a guest house. 

2.4.1 Renewable energy sources  

In the study, renewable energy is defined as energy generated from non-exhaustive 

natural resources that can be replenished continually, such as solar energy, wind, rain, 

geothermal energy, biomass, waves and tides (Ali et al, 2008). These are energy types 

that are generated from non-greenhouse gases (GHGs) emitting sources. Thus they are 

classified as carbon-neutral or low-carbon energy sources and they are the most 

ecologically sound option for guest houses in their effort to reduce their energy related 

carbon footprint. 

2.4.2 Non-renewable energy sources  

Non-renewable energy is generated from exhaustive resources such as fossil fuels that 

cannot be replenished in a natural way (Rousseau & Greyvenstein, 2000). A large 

amount of global and local energy is still generated from non-renewable sources 

(Zografakis et al, 2011). Non-renewable energy sources are particularly dominant in the 

South Africa energy grid, thus literature shows that only 7.8% of the total energy in 

South Africa is generated from renewable sources (figure 2.2).  
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Figure 2.2: Rate of energy sources in South Africa 

Source: Republic of South Africa (2012:6) 

Electricity is the most common type of energy used by international, continental and 

national hotels (Ali et al, 2008; Sun International, 2012). Electricity is often supplied 

through a grid system. The highest amount of electricity is generated from non-

renewable sources such as fossil fuels. Approximately 70% of South Africa’s total 

energy is generated from non-renewable (Republic of South Africa, 2012). Research 

conducted among hotel groups such as the Hospitality Property Fund (2010), City 

Lodge Hotels Limited (2011) and Sun International (2012) confirms that electricity is the 

primary type of energy used in most international and local hotels.  
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According to the integrated report by City Lodge Hotels Limited (2011:58) the group 

uses only electrical energy supplied by Eskom and/or municipalities for their daily 

operations, while diesel is being used as a supplementary energy source for power 

generators during emergency power outages. Another study in Senegal confirms that 

hotels are the main consumers of electricity in large buildings (Ndoye & Sarr, 2003). 

Thus, the dominance of grid was put in the spotlight in this study for its use, quantities 

consumed, costs and carbon footprint. 

Although natural gas is a dominant source of energy among hotels in Turkey, it is a 

local phenomenon compared to the global prevalence of electricity (Onut & Soner, 

2006). Research in Tunisia shows that oil, gas, hydraulic energy and wind energy are 

the main sources of energy supplied through grid to local hotels and general 

communities (Khamiri & Hassairi, 2005). According to Rossello-Blatle et al (2010) the 

use of electricity in Spain exceeds all other types of energy sources. Also in Jordan, for 

example, crude oil, natural gas and solar energy are used as alternative energy 

resources (Ali et al, 2008).  

In Vietnam, liquefied petroleum gas and other fuels are the alternative energy sources 

used in hotels (Trung & Kumar, 2005). However, Chan and Lam (2001) note that, 

despite the preference for solar as a renewable energy type, the financial cost 

associated with the installation of infrastructure for solar energy is prohibitive for most 

guest houses. This explains why solar energy use is more common in large and luxury 

hotels than in guest houses or other small and medium-sized hotels.  
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The findings from a number of studies on energy use in the hotel industry clearly 

indicate that hotels worldwide use different types of energy in their operations. Despite 

the different energy types used by various hotels, Zografakis et al, (2011: 1323) 

conclude that electricity is the primary type of energy used in hotels. Ultimately, 

evidence reveals that hotels in general have access to the use of more than one source 

and/or type of energy in their operations (Accor New Frontiers in Hospitality, 2011). This 

phenomenon where more than one energy type is used is known as energy diversity 

(Lombard, Mathews & Kliengeld, 1999; Republic of South Africa, 2008b).  

In this study the terms “energy diversity”, “energy mix” and "alternative energy” are used 

interchangeably and synonymously. The importance of energy diversity in the current 

research has been discussed in detail in chapter 3. However, it must be emphasised 

that electricity is often used for virtually all energy uses within a guest house. Solar 

energy is commonly used for water heating by a small percentage of the hotels. Diesel-

operated power generators are usually used as back-up and LPG is used for cooking 

and water heating (City Lodge Hotels Limited, 2011). The use of liquefied petroleum gas 

is common in hotels because it is found to be the cheapest energy source for cooking 

purposes (Mithraratne & Vale, 2004; Accor New Frontiers in Hospitality, 2011). It would 

be interesting if the study could assess whether these common trends in energy 

diversity and use can be applied to guest houses. 
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2.5 COMMON ENERGY USES IN HOTELS 

Approximately 20% of the total grid is used in hotels and restaurants (Perez-Lombard, 

Ortiz and Pout 2008). Therefore, 20% of energy costs and carbon emission represents 

the energy footprint of hotels and restaurants in the economy. These further shows the 

impact of the hotel industry on energy consumption and sustainability risks associated 

with the increasing number of energy-inefficient guest houses in the country. It also 

strengthens the rationale for the campaign to reduce energy consumption, in the hotel 

industry, particularly energy from non-renewable sources, to possibly reduce 20% of 

GHGs associated with grid-energy production (Deng, 2003).  

Literature shows that the largest amount of energy is being used for lighting, water 

heating and indoor thermal control in the operations of hotels (Zografakis et al, 2011; 

City Lodge Hotels Limited, 2011). Trung and Kumar (2005), the Hospitality Property 

Fund (2010) and Sun International (2012) came to the conclusion that lighting, water 

heating and indoor thermal control are the most common primary energy users in the 

hotel industry. Onut and Soner (2006: 964) confirmed that energy performance in any 

building depends on many factors, such as lighting, water heating, and air conditioning. 

The findings from the research by Trung and Kumar (2005) and Onut and Soner (2006) 

therefore led to the decision to focus on lighting, water heating and indoor thermal 

control as energy use processes in guest rooms and public and service areas in this 

study. 
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In addition, Trung and Kumar (2005) also found a correlation between a hotel’s star 

grading and the amount of energy it uses for lighting, water heating and indoor thermal 

comfort (figure 2.3). On average, 48% of energy is being used for air conditioning, 20% 

for lighting, 20% for water heating and 12% for other purposes. These statistics show 

that indoor thermal control is the highest energy consumer in the hotel industry, followed 

by lighting and water heating respectively. It also seems that lighting, water heating and 

air conditioning account for approximately 88% of the energy consumption by guest 

houses (Trung & Kumar, 2005). 
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Figure 2.3: Average energy consumption for standard services in hotels 

Source: Trung and Kumar (2005:11) 
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From the literature and analysis in figure 2.3 it can be deduced that by reducing energy 

consumption for the three mentioned hotel services, a guest house would have reduce 

a significant amount of energy costs and carbon footprint. Surely, realising a reduction 

in operational costs and carbon footprint related to energy use within a guest house 

could have a positive sustainability impact on the guest house and its local 

communities.  

2.6 DETERMINING ENERGY CONSUMPTION IN HOTELS 

For the purpose of this study, a benchmark used in determining energy consumption is 

an indicator of the use of energy. The benchmark is a threshold that can be used to 

compare high, average and low energy consumption among and within guest houses. A 

benchmark can be a quantitative and/or qualitative standard. However, in order to 

quantify the amounts, costs and carbon emissions associated with energy use in the 

guest houses, a quantitative benchmark is adopted in this study. A number of 

benchmarks are generally used by different researchers of which two are discussed as 

follows:  

2.6.1 Energy consumption per area size of a hotel 

In this benchmark, the total amount of energy used by a hotel over a defined period of 

time is divided by the area size of the hotel buildings (Baker, 2008). The benchmark 

associates energy use with the size of the hotel in square meters. As a result, Baker 

(2008) espouses a formula for calculating energy use in this benchmark as follows:  
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Energy consumption is equal to the amount of energy used over a defined period of 

time (kWh) divided by the total floor area of a hotel (m2), represented as follows: 

     (1) 

Where Eusage is the Energy usage of the hotel per square meter, E is the amount of 

energy used over a defined period of time (kWh) and A is the total floor area of a hotel 

(m2). 

By using this formula and benchmark, a researcher would follow that when the energy 

bill indicates energy usage as kilowatt hour (kWh) it would only be necessary to divide 

that figure by the total floor area in square meters (Baker (2008:38). Thus, energy use is 

defined in kilowatt (kW) over a period of time which is measured in hours (h).   

This benchmark is useful when the focus of a particular energy audit is to establish the 

spread or distribution of a hotel’s energy use according to the size of hotel buildings. 

The approach is more useful and relevant when indoor environmental comfort in relation 

to space heating (cooling and ventilation) is measured and perhaps even for lighting 

purposes. However, this approach may be misleading with regard to water heating and 

other energy use situations that have nothing to do with building floor sizes. By using 

the benchmark above, global energy use among luxury hotels can be measured against 

three climatic zones (Baker, 2008). Of importance in this benchmark is the fact that the 

impact of climate is taken into consideration, and provision is made for hotels in different 

climatic zones to be compared accordingly.  
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Through this approach, it is evident that guest houses that are located in cold areas 

would not use the same amount of energy as those located in hot areas, while guest 

houses located in areas with a temperate climate use the least amount of energy. Table 

2.2 present the benchmark and criterion used to classify excellent, satisfactory and high 

energy consuming hotels across the three climatic zones of hotels location. It is evident 

from table 2.2, that hotels from different climatic zones have different benchmarks. 

Table 2.2: Benchmark for energy use (kWh/m2) per annum 

Temperate Mediterranean Tropical  

Cold areas Average areas Hot areas 

<285 <260 <270 Excellent  

<345 <290 <320 Satisfactory  

<410 <345 <370 High  

Source: Baker (2008:39) 

To this end, the results of energy audits or assessments are quantified and compared to 

the benchmark thresholds presented in table 2.2. For example, studies by Daskalaki 

and Balaras (2004) and Farrou et al (2012) found the results of the average energy 

consumption per day among international hotels, as set out in figure 2.4. The results 

show that on average international hotels consume 355 kWh/m2 of energy per annum, 

while the lowest energy consuming hotel uses 174 kWh/m2 per annum and a maximum 

of 564 kWh/m2 per annum. The median energy consumption for these hotels is 

293kWh/m2 per annum.  
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Figure 2.4: Amount of energy used in hotels per square meter per annum 

Source: Adapted from Daskalaki and Balaras (2004) and Farrou et al (2012) 

Even though the benchmark for energy consumption based on the total area of a hotel’s 

footprint has been analysed, this approach has the following limitations and was thus 

not followed in this research: 

 it confines energy use to the size of the building, including unoccupied rooms. 

 it fails to account for the occupancy rate of a guest house. 

 it assumes and distributes periodic energy use equally per square meter of the 

building, and 

 it fails to distinguish between variable and fixed energy consumption. 
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2.6.2 Energy consumption per occupied room 

The second approach for benchmarks based on energy use involves quantifying or 

estimating energy consumption per occupied room directly. This approach has been 

internationally accepted and practised. Research conducted in Crete followed this 

approach and it was discovered that on average Crete hotels spends €234.52 on 

energy per occupied room (Zografakis et al, 2011). In South Africa, the City Lodge 

Hotels (2011) also followed the same approach of measuring energy use in their hotels 

per occupied room, both in energy quantity and costs. The outcomes of the approach by 

City Lodge Hotels (2011) also showed direct variable energy consumption per occupied 

room. 

Ultimately, the City Lodge Hotels Limited (2010:54) recommended that the 

measurement of total energy use in hotels should be expressed as per occupied room 

and by brand. This allows for comparative reporting with a view to maintain or even 

reduce usage levels per year, where possible (Kragiorgas, Tsoutsos, & Moia-Pol, 2007). 

In applying the above principle, the total number of rooms sold per defined period is 

divided by the amount of energy used in the same period. Similarly, this approach 

makes it possible to determine financial efficiency by using the total revenue from sales 

as output for room occupancy, divided by the total cost of energy as input in the 

selected guest house.  
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Energy consumption is equal to the amount of energy used over a defined period of 

time (kWh) divided by the total number occupied hotel rooms, represented as follows: 

     (2) 

Where Eusage is the Energy usage of the hotel (kWh), E is the amount of energy used 

over a defined period of time (kWh) and N is the total number occupied rooms. 

In a similar approach, City Lodge Hotels Limited (2010; 2011) can also compare energy 

consumption per occupied room across different hotel brands. Although Baker 

(2008:37) concludes that “no two hotels are exactly the same”, establishing levels of 

energy use and costs per night helps the researcher to compare performances. Despite 

all the advantages of this benchmark, this benchmark also fails to differentiate between 

fixed and variable energy consumption.  

Fixed energy consumption is defined as base load (energy) used in a guest house 

without occupation (Hongoro, 2001). It includes energy used for outdoor lighting, 

reception operations, maintenance of buildings, conferencing and so forth (Hongoro, 

2001). This type of energy consumption is easily referred to as indirect energy 

consumption. However, variable or direct energy consumption refers to energy that is 

consumed directly by guests during their stay in a guest room. Direct energy 

consumption would not happen unless a specific guest room is occupied (Grand Parade 

Investment Limited, 2011; Chan, 2012). This type of energy consumption is the primary 

focus of the current study (Conradie & Fourie, 2011). 
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Figure 2.5 serves as a benchmark for average energy consumption levels among non-

energy saving two-star, three-star, four-star, five-star and other hotels. On average, 

non-energy saving occupied hotel room uses 86.9 kWh per annum. This consumption 

level will later be compared with empirical results of the selected guest houses, as 86.9 

kWh per annum would be used as a baseline.  
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Figure 2.5: Amount of energy used in non-energy saving hotels 

Sources: Trung and Kumar (2005) and Hospitality Property Fund (2010) 
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2.7 FACTORS THAT INFLUENCE ENERGY CONSUMPTION 

After having explored levels of energy use and energy consumption within the hotel 

industry, it seems that energy performances in different hotels are influenced by a 

number of factors. As a result, the following key factors are identified to be influencing 

energy use in hotels (Deng & Burnett, 2000; Onut & Soner, 2006; Daskalaki & Balaras, 

2004):  

 The occupancy rate of guest houses.  

 Ambient temperature (seasons, weather or climatic changes). 

 Human behaviour. 

 Technical processes (energy installations or conditions of energy systems). 

 Hotel size. 

 Complexity and standard of services. 

 Geographic location. 

 The operating schemes of a hotel (operational days per annum). 

During the formulation of the research methodology for the study as well as the energy 

audit, the latter factors were particularly considered. 
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2.8 SUMMARY 

There are six categories of hotels according to the Tourism Grading Council of South 

Africa and these include hotels, lodges, self-catering accommodation, country houses, 

guest houses and bed and breakfast establishments. Five-star grading systems are 

used in all six hotel categories to determine the standard of services and the quality of 

the finishing used for buildings. A one-star grading represents the lowest service 

standards and five the highest. The star grading of guest houses can be used to 

indicate the level of the quality of services and luxury of guest houses and, in turn, the 

demand for energy use. 

In general, all hotels go through four stages to complete their life cycles, and the 

operational stage is one of the stages. The operational stage is divided into 

departments, which are also called operational divisions or cost centres. The 

operational stage is the longest and the most productive stage where sales take place 

and uses more energy than all the other stages. Key operational departments were 

identified as the guest room, public area and service area. The study identified lighting, 

water heating and indoor thermal control as standard services for which energy is used 

in the hotel industry. Thus the three standards services are therefore selected for in-

depth investigation. In this chapter, renewable and non-renewable energy sources were 

discussed and different types of energy used within the hotel industry were classified 

into these two energy sources.  
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Finally, this chapter presented discussions on energy consumption benchmarks for 

guest houses and the minimum standards of services for these three selected services. 

The benchmark defines energy use in guest houses that are not known as energy-

efficient guest houses. It can also be used to compare these guest houses with energy-

efficient guest houses. Benchmarks for energy use and the different methods of 

calculating energy consumption are discussed. In this study, the researcher has 

adopted a benchmark that determines energy consumption per occupied room.  
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CHAPTER 3: ENERGY EFFICIENCY FRAMEWORK 

3.1 INTRODUCTION  

In this chapter an energy-efficiency framework that builds on and advances the input-

output ratio is discussed. The framework emerges from the definition of "energy 

efficiency". In the definition, energy saving and service levels are proposed as the two 

parameters that should be used to measure energy efficiency of guest houses. Further, 

the distinction and association between energy saving and energy efficiency is 

highlighted. Thus, active and passive energy-saving methods are identified and 

discussed as the main energy-saving methods.  

The chapter outlines that energy-saving indicators can be expressed in both financial 

and non-financial terms. In the definitions of financial and non-financial indicators, a 

relationship between these indicators and environmental management accounting is 

discussed. The relations and relevance of environmental management accounting 

principles and practices in the theoretical framework are also discussed.  

In addition, the three indicators of financial and non-financial energy-saving parameters 

in association with carbon accounting are discussed. The financial energy-saving 

parameters are incorporated in the integrated theoretical framework. Finally, the chapter 

highlights the application of the theoretical framework in a basic, activity-based and 

continuous energy-efficiency audit. 
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3.2 ENERGY SAVING 

The hotel industry cannot completely avoid using energy (Ali et al, 2008). However, 

approximately 50% of the total energy used in the industry can be avoided (Khamiri & 

Hassairi, 2005). In this study, the concepts energy-avoidance, energy-saving and 

energy-reduction are synonymous and used interchangeably (Efficiency Evaluation 

Organization, 2010). However, these concepts, which are discussed in detail later in this 

chapter, have a different meaning to energy efficiency.  

According to the Efficiency Evaluation Organization (2010) energy saving cannot be 

directly measured, as saving represents the absence of energy use. Instead, savings 

are determined by comparing energy consumption or demand before and after (Eskom, 

2010). Thus, energy saving in this study is a measure of how much a hotel has reduced 

its energy consumption since the previous assessment. It is also a measure of 

abstinence in energy consumption. Hence, the Efficiency Evaluation Organization 

(2010:12) conclude that energy saving is the difference between adjusted baseline 

energy and the energy that was actually metered during the reporting period. 

For purposes of this study, energy saving is defined as the net energy or dividend 

resulting from subtracting current energy-consumption levels from previous energy-

consumption levels. The Efficiency Evaluation Organization (2010: 72) offers a practical 

example on how energy saving can be measured through option A of the international 

performance measurement and verification protocol (IPMVP), equation 3, as follows: 
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     (3) 

Where Esaving is the deference in energy use (net energy saved in kWh), B is the total 

energy used before (kWh) and A is the total energy used after (kWh) the 

implementation of energy saving methods. 

In the above example, 33.8 kW is the net energy saved by the institution in question. 

Energy saving should always be positive. Should the net energy results be negative, 

this should be interpreted as energy loss. This would mean that a hotel has not saved 

any energy; instead, it used more energy than the previous reporting period. Energy 

saving is regarded as important in this study, because it is the first pillar or milestone 

towards energy efficiency. For this reason, the methods and indicators of energy saving 

are discussed in detail in the following sections. 

For this research, the three-year energy-consumption levels of the City Lodge Hotels 

Limited (2010) would be used to compare the selected guest houses. The City Lodge 

Hotels Limited (2011) were selected primarily because they are a group of corporate 

hotels that have declared themselves as energy-saving hotels in South Africa (see 

figure 3.1). Figure 3.1 shows that on average City Lodge Hotels Limited used 27.1 kWh 

of energy per occupied room over a three-year financial cycle. The highest amount of 

energy used per occupied room was 35.5 kWh and the lowest is 20.2 kWh (City Lodge 

Hotels Limited, 2010; 2011). 
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Figure 3.1: Energy consumption levels per occupied room per annum 

Source: City Lodge Hotels Limited (2011: 58) 

From figure 3.1, it is evident that the Courtyard hotels are the highest energy consumers 

followed by City lodges, Town lodges and Road lodges, respectively. This observation 

confirms that the quality, luxury and levels of services provided by a hotel are generally 

associated with the amount of energy used in a hotel (City Lodge Hotels Limited, 2011). 
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3.3 ACTIVE ENERGY-SAVING METHODS 

In a study about the potential of energy saving in the hotel sector in Jordan, Ali et al 

(2008) recommend that two methods be adopted to save energy, namely efficiency and 

renewable energy. Contrary to Ali et al (2008), this study argues that energy efficiency 

results from confirmed energy saving results and constant or improved services levels. 

As a result, energy-saving methods are broadly classified into active and passive 

methods.  

Passive energy saving refers to the use of building designs and construction strategies 

to reduce the amount of energy required (Holm, 1998; Gibberd, 2003; South African 

Bureau of Standards, 2011). Literature shows that passive energy saving is 

synonymous with "green building", "carbon-free building", "carbon-neutral building", 

"energy-efficient building" and "eco-friendly building"'. Passive energy saving accounts 

for approximately 20% of energy consumption in buildings, while active energy saving is 

responsible for up to 80% (Guggemos & Horvath, 2005; Sebake, 2007). Passive 

energy-saving methods have proven to save up to 75% of energy demand (Cole & 

Kernan, 1999; Council for Scientific and Industrial Research, 2013). This was not the 

focus of this study, even though it is acknowledged that the existence or non-existence 

of passive energy-saving methods would influence the performance of active energy-

saving methods in the selected guest houses. 
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Active energy-saving methods refer to a set of activities, techniques, measures and/or 

technologies that can be used to reduce energy consumption (Conradie, 2012). Three 

types of active energy-saving methods are discussed in detail in this chapter, namely 

behavioural change, engineering and energy diversification. 

3.3.1 Behavioural change 

Human behaviour is the main global driver of energy consumption in all the sectors of a 

society (Schipper, 1982). This view is supported by two research studies that reached 

similar conclusions about the impact of human social behaviour, norms and cultures in a 

comparative study on hot water consumption of Americans and Europeans (Vine, 1987; 

Rousseau, 2000). Farrou et al (2012) further explored this issue by comparing the 

significance of the impact of human behaviour and technical processes on energy 

consumption. They concluded that human behaviour has a more significant effect on 

energy consumption than technical processes. Therefore, a change in human behaviour 

is the first level of active energy-saving methods that each guest house could 

implement. The following activities are identified in Onut and Soner (2006), Karagiorgas 

et al (2007) and Baker (2008) as possible measures that guest houses could implement 

to influence a change in human behaviour towards reducing the use of energy: 

 regular energy audits, 

 development and adoption of energy-saving or related policies, 

 regular monitoring of energy-consumption levels, and 

 energy saving awareness or training programmes for guests and staff. 
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Though behaviour is not a measurable variable, social scientists suggest that a person’s 

attitude is an indicator of behaviour (Giuliano, Alessandro & Elisa, 2012). Furthermore, 

there is a suggestion that behaviour can be influenced by knowledge (Kriek, 2009; 

Marshall, Akoorie, Hamann & Sinha, 2010). Therefore, people’s attitudes and 

behaviours can be changed through training and awareness programmes (Carlos & 

Maria, 2005; Rubel & Kottek, 2010). This research therefore assesses the behaviour of 

staff and guests towards energy saving, because awareness raising, training and 

advocacy programmes have the potential to change the behaviour of staff and guests 

towards energy saving (Zografakis et al, 2011). For this reason, the study investigates 

the extent to which information on energy saving is available, shared and exchanged 

among management, staff and guests in a guest house (Asif, Muneer & Kelly, 2007). 

Behavioural change is known as the most cost-effective, simple and effective method of 

saving energy (Farrou et al, 2012). Different means can be used to raise awareness 

and promote energy saving in hotels, such as written notices in guest rooms, informal 

talks and other communication methods. The study, will therefore investigate if the 

selected guest houses are encouraging their staff and guests to save energy. To do 

this, the study will assess different ways used by guest houses to communicate energy-

saving messages and observe visible evidence of these energy-saving methods. 
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One of the South African hotel groups, the City Lodge Hotels Limited (2011) has 

implemented a behavioural change programme called “Switch it Off” (SO), which has 

proven to be effective. In the SO programme, all staff members take the initiative to 

ensure that all electric plugs, switches and appliances are always switched off when not 

in use.  Although most hotels are known to avoid energy-saving methods because it is 

regarded as expensive to implement, behavioural change programmes as an energy-

saving method comes at a low cost or possibly no cost at all (Zeng, Meng, Yin, Tam, & 

Sun, 2009). For this reason, behavioural change receives priority as the first active 

energy-saving method. However, Karagiogas, Tsoustos and Moia-Pol (2007: 416) 

concluded that “isolated promotional activities are not sufficient to support energy 

saving in the tourism sector effectively”. For this reason, this study will also focus on 

other energy-saving methods as discussed in the sections that follow. 

3.3.2 Energy diversity 

In this research, energy diversity has the same meaning as alternative energy and 

energy mix. By its very nature, energy diversity means having access to cheaper, low-

carbon energy sources to replace or supplement existing energy sources (Republic of 

South Africa, 2008b). Energy diversity has proven to reduce the cost of water heating by 

approximately 80% through the introduction of solar water heating systems in hotels in 

South Turkey (Onut & Soner, 2006). The functionality of energy diversity as an energy-

saving method relies on the ability of the energy user to choose a cheaper and low-

carbon energy source that would be comparably more effective for a particular energy 

use than the previous energy source (Karagiorgas et al, 2007).  
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In this research, an energy source would therefore be considered to be energy-saving 

method only if the energy source has a low carbon footprint and is cheaper than the 

previous energy source (Dalton, Lockington & Baldock, 2008). The National Energy Act 

of 2008 (Act 34 of 2008) supports the use of low carbon and cheaper energy sources as 

alternatives to their predecessors (Republic of South Africa, 2008b). The Act further 

recommends that energy diversity be promoted in order to ensure uninterrupted and 

cheaper supply of energy for sustainable development (Republic of South Africa, 

2008b).  

In Hong Kong, Farrou et al (2012) found that electricity, gas and petroleum (diesel) are 

the three types of energy sources used in the majority of hotels, with electricity as the 

main energy source. Onut and Soner (2006), however, recommend that solar energy 

should be used as alternative energy to electricity and gas in water heating. Thus, the 

study will investigate different energy sources used in the guest houses in question. 

3.3.3 Engineering 

Engineering is the application of practical knowledge to invent, design, build, maintain 

and improve devices, appliances, machines, systems and processes aimed at reducing 

the amount of energy they use (Onut & Soner, 2006). A discussion follows on two 

engineering methods relevant to this study, namely instrumentation and retrofitting. 
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3.3.3.1 Instrumentation  

Instrumentation often refers to the use of electronic instruments in managing energy 

consumption by monitoring, controlling and/or reducing the amount of energy used in a 

guest house (Eskom, 2010). According to Ellies (2013), instrumentation is an 

engineering technique that uses instruments to activate and/or deactivate energy use in 

different appliances by using timers, light intensity, movement sensors and temperature 

sensors. Instrumentation uses these four key energy saving sensors to control energy 

consumption. For example, water heaters (geysers) are often fitted with thermostats 

that regulate water temperature in the geyser. The thermostat is set to a defined low 

and high temperature, to which it automatically activates energy to heat up the water 

and deactivates energy use once the water had heated up to the highest set 

temperature. Similarly, day-night switches use a defined light intensity to switch on 

lights when it is dark and switch off lights when it detects a certain defined intensity of 

light. Timers use set operational hours to switch on and switch off appliances, while 

motion sensors are often used in security lights to switch on lights when movement is 

detected.  

Another common instrumentation method used in hotels is the smart key card systems. 

This system uses an access card to switch energy on and off in guest rooms. All energy 

also goes off once the guest leaves the room, as the guest would need to use the card 

to access the room again. Therefore, energy use stops immediately when a guest 

leaves the room. This method has proven to reduce energy consumption by 15% 

(Daskalaki et al, 2004). 
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The technique used by these instruments to automatically activate and/or deactivate 

energy use is called automation. Through the process of activation and/or deactivation 

of energy use, the consumption levels of energy are reduced. Instrumentation is 

therefore part of energy saving methods. This method is an engineering method 

because the expertise to design and manufacture these instruments lies with engineers.  

3.3.3.2 Retrofitting  

Retrofitting means the replacement of high energy-consuming appliances with low 

energy-consuming appliances (Karagiorgas et al, 2007). Retrofitting can sometimes 

involve changing devices and appliances that use one energy type by another. 

According to Ellies (2013) retrofitting in water heating would include the following: 

 use of showers instead of baths, 

 installing low-flow shower heads in showers, 

 preheating inlet water through heat transfer from other heat generators, 

 using thermostats to automate controls to regulate the hot water temperature and 

the on/off switches of geysers, and  

 insulating inlet and outlet hot water pipes.  

Typical examples of a retrofit activity is the replacement of non-energy saving light bulbs 

with energy-saving bulbs, and replacing electric water heating systems with solar 

geysers or heat pumps (Ford, 2013). Depending on the cost appetite of a guest house, 

the engineering of saving methods is generally costly (City Lodge Hotels, 2010; Zeng et 

al, 2010).  
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3.4 INDICATORS OF ENERGY SAVING 

Most hotels undertake energy saving to reduce costs (Ambe et al, 2007; Conradie & 

Fourie, 2011). Although cost reduction is an important component and parameter of 

energy saving, it is not the sole indicator of energy saving. This study adopts two 

primary indicators of energy saving, namely financial and non-financial indicators 

(Savage & Jasch, 2005). The use and adoption of these indicators are adapted from 

Zeng et al (2010) who recommended that cleaner production projects should be 

assessed in both the financial and non-financial performance of the business. This 

approach demystifies the skewed notion held by many that regards monetary value 

above everything. Thus, energy saving would be measured in both financial and non-

financial values. 

According to Savage and Jasch (2005) the analysis and use of financial and non-

financial information in internal decision-making is known as environmental 

management accounting (EMA).  However, in EMA the common terms used for 

financial and non-financial variables are monetary environmental management 

accounting (MEMA) and physical environmental management accounting (PEMA) 

principles and practices (Savage & Jasch, 2005). Therefore, energy saving should be 

assessed according to the two EMA pillars, principles and practices. The importance of 

assessing energy saving according to MEMA and PEMA advances the attainment of 

sustainable development goals (Gale, 2006; Republic of South Africa, 2008a).  
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3.4.1 Financial indicator 

The financial indicator refers to the analysis and use of monetary information to assess 

the impact of energy consumption in the selected guest houses (Savage & Jasch, 

2005). The primary role of MEMA would be to translate the amount of energy saved into 

financial savings, costs and/or earnings. Literature has shown that business managers 

are not interested in the environmental performance of their operations; however, if 

environmental performance is translated into monetary costs, savings and earnings, 

every manager tends to have an interest in reducing costs and maximizing profit (Ambe 

et al, 2007).  

Because of the reasons mentioned, energy saving in the guest houses should be 

assessed and reported in financial and physical terms to enable different stakeholders 

to make informed decisions about their energy-consumption levels.  

The monetary assessment of energy saving would assist guest house operators to trace 

their financial inputs, processes and outputs associated with energy consumption in 

their daily operations (table 3.1). Being able to trace and associate energy quantity to 

the financial value as well as the identification of such energy in the production input, 

processes and output stages of a guest house are important for guest house operators 

to identify areas of energy saving within the production system of a guest house 

(Savage & Jasch, 2005). Table 3.1 presents the material input and product output 

framework that is used in EMA which would be useful for guest house operators to 

understand their operations. Energy is only an input according to the framework and not 

a product output. 
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Table 3.1: Input and output information 

Material inputs Product outputs 

 Raw and auxiliary materials (input materials 

that become part of an organisation’s final 

product or by-product) 

 Products (any tangible products created by 

the organisation) 

 Packaging materials (input materials intended 

for use in shipping the organisation’s final 

products) 

 By-products (minor products incidentally 

produced during the manufacturing of 

primary products) 

 Merchandise (items that are directly sold 

again as products with little or no additional 

processing) 

 Non-product outputs (waste and 

emissions) 

 Operating materials (input materials that are 

purchased and used by the organisation, but 

which do not become part of any tangible 

product delivered to a customer) 

 Solid waste (relatively non-hazardous 

waste in solid form such as paper, plastic 

containers, food waste, non-hazardous 

solid scrap products) 

 Water (includes all water used by an 

organisation from all sources) 

 Hazardous waste (is more hazardous 

waste materials in solid form, liquid or 

mixed form) 

 Energy (includes all energy used by an 

organisation of all types, e.g. electricity, gas, 

coal, fuel oil, district heating and cooling, 

biomass, solar energy, wind, water) 

 Waste water (streams with water as a 

primary component, but which also contain 

contaminants of some kind) 

  Air emissions (air streams that are 

contaminated with problematic levels of 

pollutants) 

Source: Savage and Jasch (2005: 38) 
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3.4.2 Non-financial indicator 

The non-financial indicator is concerned with the analysis and use of physical data 

about input, processes and output of energy for purposes of internal decision-making 

(Ambe et al, 2007). The physical mass balance of energy flow and consumption is 

important to scientists because of their interest on the impact of energy quantity on the 

physical environment through its carbon footprint, as opposed to financial managers 

who are only interested in the financial impact (Savage & Jasch, 2005; Burritt & Saka, 

2006). As a result, PEMA is subdivided into two elements in this study, namely energy 

quantity and carbon accounting. 

3.4.2.1 Energy quantity 

Energy quantity is a non-monetary energy-saving sub-indicator which is synonymous to 

material flow accounting. It is a quantitative variable measured in kilowatt hours (kW) in 

this study (Baker, 2008). It can be observed from this that energy saving would have to 

first be determined in PEMA before it could be defined in financial terms, since the 

financial value of energy could only be defined based on a specific quantity of energy in 

kilowatts hours. 

3.4.2.2 Carbon accounting 

Carbon accounting is the systematic analysis, reporting and use of carbon transactions 

for decision-making purposes (Nhamo & Mutezo, 2011). It is a sub-indicator or 

parameter of environmental management accounting.  
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The practice and theories of carbon accounting are adapted from and remain consistent 

in financial accounting. The only difference between carbon and financial accounting is 

that carbon is the currency in carbon accounting while the South African Rand value (R) 

is the currency in financial accounting. Subsequently, all financial concepts such as 

trade, debit, credit, budget, sales and many others have the same meaning in both 

financial and carbon accounting (Savage & Jasch, 2005). Carbon accounting is 

therefore a replica of environmental management accounting, which replaces the 

financial accounting component by carbon accounting. 

For purposes of carbon trading in the carbon market, greenhouse gases (GHGs) are 

converted into an equivalent of carbon dioxide (CO2), which is a major GHG that causes 

climate change (Savage & Jasch, 2005; Nhamo & Mutezo, 2011). However, CO2 is not 

the only GHG that causes climate change. There are generally six well-known GHGs 

that cause climate change, namely: 

 carbon dioxide (CO2), 

 methane (CH4), 

 nitrous oxide (N2O),  

 sulphur hexafluoride (SF6),  

 per fluorinated compounds (PFCs), and  

 hydro fluorocarbons (HFCs).  
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Carbon accounting is therefore used as a generic concept that accounts for all GHGs, 

while the carbon dioxide equivalent (CO2e) is the most globally acceptable unit of 

measure used in the carbon market, particularly during carbon trading (Schaltegger & 

Csutora, 2012). All GHGs are therefore expressed in CO2e. The relevance of carbon 

accounting and carbon management is well known for carbon association with climate 

change. Climate change has become a prominent phenomenon of great concern in the 

21st century, both to the businesses and general communities. However, climate 

change is not the only significant effect of high carbon emission to the atmosphere. 

According to Schaltegger and Csutora (2012), climate change is one of the six major 

sustainability problems facing the world, together with the following: 

 deforestation,  

 loss of biodiversity, 

 population growth, 

 poverty, and 

 scarcity of drinking water 

Another important benefit of reducing carbon emission from entering the atmosphere is 

the promotion and protection of environmental resilience. Figger and Hahn (2013) state 

that environmental resilience provides the following:   

 sink for all pollutants and waste absorption, 

 biocapacity to produce food, material and services for development, and 

 habitat for biological diversity of plants and animals. 
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The application of these three environmental functions is consistent with the use of 

carbon assets, under carbon accounting. Carbon assets represent GHGs environmental 

sinks and habitat, while the concept carbon liability represents biocapacity for resources 

or food production (Burritt & Saka, 2006). This analysis strengthens and highlights the 

importance of reducing carbon emission in the atmosphere through energy saving in 

guest houses. As a result, it is important in this study to determine the amount of carbon 

units that would be emitted to the atmosphere based on a specific quantity and source 

of energy consumed by the selected guest houses.  

To determine carbon quantities, a GHG protocol, adapted from the International 

Standard Organisation (ISO 14064) would be followed. According to GHG protocol 

three sources known as emission scopes are distinguished in carbon emission (table 

3.7). For management purposes the three emission scopes are used to identify the 

levels of emission responsibilities and accountabilities. The quantities of emissions 

would be determined according to the quantity of energy used, multiplied by a constant 

carbon factor (0.84 kgCO2e) adopted from Shimo-Barry (2010). 

Therefore, by assessing energy saving through the carbon accounting indicator, a guest 

house would be assessing the extent to which energy saving helps to reduce its 

footprint in relation to the emission of these six GHGs through energy consumption. 

This approach would indirectly compel guest houses that are interested in energy 

saving to advocate for carbon-free or neutral energy sources in order to reduce their 

carbon footprint (Figger & Hahn, 2013; Ford, 2013). Carbon accounting is therefore an 

important indicator for energy diversity (see section 3.3.2).  
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Table 3.2: Sources of carbon emission 

Scope  1 2 3 

Sources  Direct emissions from 

sources controlled by guest 

houses 

Indirect emissions from 

purchased energy  

 

Optional or indirect 

emissions from all other 

purchased goods or 

services  

Description  These are GHG emitting 

activities that are within the 

control of the guest house. In 

the study, potential activities 

in this category can include 

the use of a fuel-powered 

generator that is often used 

as a back-up and 

supplementary energy 

source. 

These include Eskom or 

electricity supplied by the 

municipality (grid) 

These are emissions 

associated with 

procurement and delivery 

of goods such as 

transport-related carbon 

emissions. In the scope of 

the current study, scope 3 

emissions were excluded 

because they couldn’t be 

associated with room 

occupancy of guests. 

Source: Adapted from Nhamo and Mutezo (2011: 71) 

3.5 SERVICE STANDARDS 

3.5.1 Indoor lighting 

Indoor lights refer to all artificial light sources in a guest room. Lighting is measured in 

light intensity, which is the amount of light produced by a light source such as a light 

bulb. Light intensity is measured to determine the level of lighting that reaches a surface 

area where different tasks are performed (Webb, 2006).  
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While the unit of measure for total output of a light source is lumen, the measure of 

lighting per square meter (m2) is lux and the instrument used is called a lux meter 

(Webb, 2006). Hence, the lighting performance of guest houses is measured against 

the industry minimum acceptable lighting standards in lux (Republic of South Africa, 

1987; South African Bureau of Standards, 2005).  

Guest houses are expected to maintain a minimum of 100 lux in rooms, bathrooms, 

public areas and services areas (South African Bureau of Standards, 2005). These are 

internal standards for artificial lighting that should be maintained as the average 

minimum standards of lighting, regardless of the types of energy, appliances and 

energy-saving methods in place (Webb, 2006). Thus, the current research measured 

indoor lighting standards in guest houses against 100 lux as a minimum compliance line 

or threshold, below which is regarded as non-compliance and above means standards 

exceeded. Therefore, a guest house can select a suitable type of light bulb, lighting 

levels and energy consumptions levels (table 3.4). 
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Table 3.3: Comparisons of energy use for different lights 

Parameters  Performance of each type of light source (bulbs) 

Type of lights Incandescent  Halogen  CFL LED 

Energy demand (load) 60W-100W 35W-50W 11W-20W 2,2W-5W 

Energy cost per unit ( in 2013) R105,00 R88,00 R23,00 R7,00 

Light output 11-14 lumen/watt 16-20 

lumen/watt 

11-62 

lumen/watt 

50-60 

lumen/watt 

Life span ± 1 000 hours ± 2 000 hours ± 8 000 hours ± 25 000 hours 

Temperature  Very hot Very hot Hot  Cool  

Environmental impact High carbon 

footprint 

High carbon 

and tungsten 

footprints 

Massive 

mercury 

Minimal carbon 

footprint.  

Source: Adapted from Ellies (2013) 

Poor and/or insufficient lighting can have acute and chronic visual and non-visual 

consequences for guests (Ann, 2006; Bellia, Bisegna & Spada, 2011). Common 

physiological and psychological or behavioural consequences of poor lighting include 

the interruption of people's 24-hour rhythms of sleep and/or wake cycles, alertness, 

regulation of day and night cycles, performance patterns, core body temperature, 

production of hormones and mood (Hoffmann et al, 2008). Disrupted day-night cycles, 

though, for example jet-lag, is associated with tiredness, daytime sleepiness, night-time 

insomnia, gastro-intestinal distress, irritability, mild depression and confusion (Bellia et 

al, 2011).  

During winter, poor lighting has proved to result in seasonal depression (Bellia, Pedace 

& Barbato, 2013). Other recorded consequences of poor lighting include cognitive 

confusion, memory disruption, and increased error rate.  
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Other studies show that human metabolic processes get affected (e.g., when melatonin 

shuts down) under poor lighting and this is associated with the formation of some 

cancers, such as breast cancer (Hill & Black, 1988; Hansen, 2001; Brainard, Kavet & 

Kheifets, 1999; Stevens & Rea, 2001). Guest houses that provide insufficient lighting 

expose the circadian systems of their guests, which could lead to biological clock 

abnormalities (Berson, Dunn & Takao, 2002). The circadian rhythm needs to be reset 

each day in order to maintain the correct phase relationship between humans and the 

environment.  

It is apparent that a sufficient quantity and quality of light is required for wellbeing, 

health, interpersonal relationships and aesthetic taste (Qiu, Kumbalsiri, Carlson, Wong, 

Krishna, Provencio & Berson, 2005; Panda, Nayak, Campo, Walker, Hogenesch & 

Jegla, 2005). Other benefits of good lighting are that it enables human to evaluate their 

environment and improves the climatic, social and cultural environments (Stevens & 

Rea, 2001; Mrosovsky, 2003). 

3.5.2 Water heating 

Hot water in guest houses is essential for different uses such as bathing, hand washing 

and cooking (Sun International, 2012). However, the highest amount of hot water used 

in guest rooms is associated with bathing or showering (Sun International, 2012). In 

addition to the technical processes of hot water production and distribution, there is also 

a correlation between hot water use, human behaviour and ambient temperature 

variability of the area where the guest house is located, (Zografkis et al, 2011).  
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Since human behaviour plays an important role in hot water use, it remains one of the 

priority areas for energy efficiency (Rankin, Rousseau & Eldik, 2003). Ambient 

temperatures determine the temperature of inlet water to a geyser. A geyser in this 

study refers to any type and size of water heater. The demand for energy to heat the 

water to a desired temperature is influenced by the inlet temperature of the water, which 

is determined by the ambient temperature (Rankin et al, 2003). The ambient 

temperature of the area where a guest house is located have an influence on the 

quantity of hot water used by staff and guests and the ratio of hot and cold water mix 

(Rankin et al, 2003).  

During cold days the demand for hot water increases and the ratio of hot water mix is 

often higher than cold water and the opposite happens on hot days (Rankin et al, 2003). 

The most recommended energy-efficiency methods for temperature variability are the 

insulation of geysers and both inlet and outlet hot water pipes (Ali et al, 2008). In 

addition, Rankin et al (2003) suggests that a guest house can set the output hot water 

temperature at 60 °C, which is the average hot water temperature used internationally 

and is suitable for different climatic environments. To keep the output hot water 

temperatures at 60 °C, a guest house can use a thermostat to automatically keep the 

hot water temperature at the set temperature (Rankin et al, 2003). 

The other variable that is important with regard to hot water use is the quantity of hot 

water use per person a day. Available literature shows that one person uses an average 

of 60 litres of hot water per day (Basson, 1983; Beute, 1993).  
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However, Rousseau and Greyvenstein (2000) found that hot water use at hotels in the 

United States of America is seven times more than in Europe and other international 

hotels. This difference in hot water use can be ascribed to behavioural factors 

(Rousseau & Greyvenstein, 2000). 

Some research studies, however, found that bathing at 42 °C water elevated tympanic 

and skin temperatures, skin blood flow and sweat. Respondents felt comfortable to bath 

at 39 °C water, with a bathroom temperature of 25 °C because of the reduced cold 

stress, while they warm with a neutral sensation at 42 °C hot water at 14 °C bathroom 

temperature because of the reduction in heat stress from the hot water temperature. 

Kawahara, Nagata, Niimi, Miwa and Iwase (2005) state that an excessive increase in 

tympanic temperature and sweating rates induce dehydration, which can be a risk factor 

for sudden death during bathing.  

Research shows that a low water temperature should be balanced with a high bathroom 

temperature and vice versa for the physiological and psychological comfort of guests 

(Kawahara et al, 2005). Therefore, a comfortable bath water and bathroom temperature 

should on average be balanced as follows: 42 °C water with a 14 °C bathroom 

temperature or 39 °C water with a 25 °C bathroom temperature. When bathing at 42 °C 

water and a bathroom temperature of 25 °C, previous studies recorded an 

uncomfortable thermal response from participants within 10 minutes of bathing. This 

may lead to dehydration by sweating and diuresis, which are risk factors for sudden 

death during bathing. Thermal comfort is mainly a function of geographic location, 

physiology and the social culture of people (Zingano, 2001).  
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Therefore, for purposes of this study, the minimum standard for hot (bath) water 

temperature will be 42 oC. Thus any guest house with hot water temperature (outlet) 

which is less than 42 oC will be classified as non-compliant. Against this literature, 

approximately 95% of guest houses use domestic electric water geysers (Trung & 

Kumar, 2005). Previous research reveals that it takes approximately three to six hours 

for a geyser with a 3 kW electric element to heat 150 litres of water (Rankin et al, 2003).  

Electricity is again found to be the primary type of energy used for water heating in 

guest houses, followed by solar energy and liquefied petroleum gas, referred to as gas 

in this study, respectively (Ndoye & Sarr, 2003). To determine and/or estimate the 

amount of energy used for hot water production in a guest house, a similar formula that 

was discussed under the lighting operations applied. The calculations are performed as 

follows: 

 The total number of people that can be accommodated in a guest house (guests and 

staff) are used to determine the total quantity of hot water required per day. 

 The average of 60 litres per person a day multiplied by the total number of maximum 

people that a quest house can accommodate was used. 

 The total daily hot water demand was used to determine the total number of geysers 

and geyser sizes required in a guest house. 

 The total sizes (in kW), the number of electric elements for all geysers and the 

operating hours for the geysers determine the electricity demand in kWh. 
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 The total energy demand (kWh) load multiplied by number of hours of energy use is 

equal to the amount of energy used per day for water heating. 

3.5.3 Indoor thermal comfort 

A study in Jordan found that one of the main problems facing hotels in Jordan is the 

high use of energy caused by heating, ventilation, and indoor thermal control systems 

(HVAC) (Ali et al 2008: 3394). For purpose of this study, the regulation of indoor 

temperatures in the selected guest houses through space heating, cooling and/or 

ventilation are referred to as indoor thermal control.  

Indoor thermal control is the highest energy-consuming activity in the hotel industry 

(Trung & Kumar, 2005). Santamouris et al (1996) found that the amount of energy used 

for indoor thermal control vary from 29% to 77% per annum, depending on the type of 

indoor thermal control systems used. Research among European hotels found that 

indoor thermal control operations use approximately 61% of the total energy in the hotel 

industry, making it the first and main energy user in the industry (Daskalaki & Balaras, 

2004).  

However, Baker (2008) argues that small hotels such as guest house could consume an 

average energy rate of as low as 22% on indoor thermal control, while Ali et al (2008) 

estimate that the lowest amount of energy ever recorded for indoor thermal comfort was 

30% of the total energy use in a hotel. Among other reasons, this study selected guest 

houses to assess the energy use variation with large hotels and the distribution of 

energy use in these three key operations as discussed before.  
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Therefore this study has established that energy use for indoor thermal control within 

guest houses may be low simply because there may not be any means of regulating the 

indoor temperatures other than through natural ventilation. Available literature, however, 

shows that electricity remains the primary source of energy for indoor thermal control 

both among international and local hotels (Zografakis et al, 2011; Accor New Frontiers 

in Hospitality, 2011). Although coal, liquefied petroleum gas and geothermal energy 

sources are commonly used for space heating in some international large hotels, there 

was no evidence of their direct use in South Africa hotels.  

With regard to the consequences associated with uncomfortable indoor thermal 

environments, literature shows that a human body is subject to the effects of the second 

law of thermodynamics, “when the body heat cannot be dissipated to the surrounding 

environment; a condition that occurs when the ambient temperature is higher than the 

body temperature, then thermal discomfort starts” (Zingano, 2001: 42). In science three 

common index temperatures are used for the human body, namely an oral temperature 

of 36.6 oC, an anal temperature of 37 oC, and a skin temperature of 35 oC. The anal 

temperature is similar to the temperature of all internal organs. Hence, “the skin 

temperature is the references datum for thermal comfort sensation” (Zingano, 2001: 42).  

At a thermal temperature of 27 oC, Wyon (1968) discovered an impaired mental 

efficiency among pupils at school. Some effects of uncomfortable thermal temperatures 

vary from fatal at upper temperatures and temporary impairment at lower temperatures 

(Zingano, 2001).  
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Finger dexterity starts between 20 oC and 34 oC as the lower and upper limits, 

respectively (Anderson, 1970; Hellstron, 1965). The South African Bureau of Standards 

(2011) has discovered that lighting sources perform optimally at 20 oC. However, in 

South Africa, thermal comfort levels are defined as a temperature between 20 oC and 

24 oC in winter and summer respectively (South African Bureau of Standards, 2011). 

From here on, any indoor temperature measure within the comfort levels mentioned 

previously is considered an acceptable indoor temperature in this study. However, 22 

oC is the median indoor thermal comfort level which is most preferred and 

accommodated by all. Therefore, 22 oC is the standard or minimum service standard for 

indoor thermal environment. 

3.6 ENERGY-EFFICIENCY FRAMEWORK 

The concept energy efficiency refers to the “reduction of energy input with outputs 

increase” (Jindou, 2012: 458). Contrary to Burritt and Saka (2006) “if a company uses 

less energy while continuing the same or even better level of service”, such a company 

is characterised as being energy efficient (Onut & Soner 2006: 965). However, to 

determine the levels of energy efficiency, the ratio of input (denominator) and output 

(numerator) should be calculated (Burritt & Saka 2006). From the definition of energy 

efficiency and discussions in this chapter, it follows that the characterisation and 

assessment of energy efficiency should be based on two parameters, namely reduction 

in input energy (energy saving), and continuity in the delivery of similar or improved 

services (service levels).  
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Therefore, a theoretical framework that can be used to evaluate energy efficiency in 

guest houses is proposed. Thus, four indicators of energy saving are proposed as part 

of this energy efficiency framework (figure 3.2). A guest house applying the framework 

would be required to assess its performance using the indicators in figure 3.2, and on 

the basis of its  performance, it could be classified or characterised as being energy 

saving or not. 

  Energy quantity   

                                             

 

     

 Energy cost  Carbon foot print  

Figure 3.2: Energy-saving framework 

To apply the framework in conducting an energy-efficiency assessments or audits, it is 

proposed that a guest house or services of a guest house that are characterised as 

being energy saving should further be assessed for minimum compliance with industry 

standards. In this framework, compliance with minimum industry standards is based on 

both quantity and quality of services. Thus figure 3.3 present full energy efficiency 

assessment process that should be completed during energy efficiency audit before a 

guest house or any of its services can be characterised as being energy efficient. 

However, noncompliance of guest houses with services levels automatically disqualify 

guest houses or their services from being characterised as energy efficient.  
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Figure 3.3: Energy efficiency framework 

This framework can be implemented to conduct the following energy-efficiency 

assessments: 

 Baseline: first assessment a guest house undertakes, 

 Activity-based: assessment undertaken on a particular activity, and 

 Continuous: a routine assessment of energy use.  

Therefore, the efficiency assessment framework is formulated to comprehensively 

assist guest houses to address all three different types of energy efficiency evaluations 

or audits. Thus, when the quantity, cost and carbon emissions associated with energy 

use in a guest house are continuously reduced, while the services levels remain 

compliant or exceed industry standards, such guest houses are characterised as being 

energy efficient.   
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However, guest houses that reduce energy quantity, cost and carbon emissions without 

meeting the minimum industry services standards can only be characterised as energy 

saving. 

3.7 SUMMARY 

The distinction and association between energy saving and energy efficiency is 

highlighted. In addition, active and passive energy-saving methods are discussed. 

Furthermore, financial and non-financial indicators of energy saving are discussed in 

association with environmental management accounting principles and practices. 

Finally, the chapter concludes that energy efficiency framework can be used during 

baseline, activity-based and continuous energy efficiency audits. 
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CHAPTER 4: DESCRIPTION OF THE STUDY AREA 

4.1  INTRODUCTION 

This chapter provides an account of the demarcation of the area in which the study was 

conducted. The chapter begins by highlighting the profile and demographics of the 

country. Comparative analyses of the key demographic profiles among the three district 

municipalities (Ehlanzeni, Nkangala and Gert Sibande) of the Mpumalanga provinces 

are presented. The socio-economic profile of the country and specific aspects that were 

found to be more relevant to this study are examined. The climatic profile of the country 

and the different climatic zones are later described, showing the potential for renewable 

energy for the different provinces and the impact of the climatic profile on energy use 

among guest houses.   

Since the location of the guest houses under the current study was defined according to 

the provinces in which they are located, the socio-economic environment of the 

province was explained in detail (section 5.4). Furthermore, the municipal demarcation 

of the provinces is discussed. The aim of this discussion is to provide a clear 

understanding of the settings and factors that influence energy use and potential energy 

saving which were prevalent in the study area. One main factor discussed in detail in 

this study is the climatic profiles of the municipalities where the selected guest houses 

are located. The arguments in this chapter are limited to issues pertinent to the research 

question of the study.  
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4.2  PROFILE OF SOUTH AFRICA 

4.2.1 Geographic location 

This study was conducted in South Africa, one of the 54 countries in Africa. South Africa 

is the last country in the south of the African continent, located at the latitude between 

16o and 36o south of the equator and the longitude between 16o and 34o.  It shares 

borders with Zimbabwe, Swaziland, Mozambique, Namibia and Botswana, while 

Lesotho is landlocked within South Africa (Mpumalanga Provincial Government, 2011). 

The country is located between Atlantic Ocean and Indian Ocean from south-west and 

east, respectively. It occupies 1219090 km2 of land and its capital is based in Tshwane 

(Figure 4.1). 

 

Figure 4.1: Map of the Republic of South Africa 

Source: Statistics South Africa (2011a) 
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4.2.2 Population size 

The human population of South Africa was estimated at 53 million in the 1st quarter of 

2014. The population consisted of 51. 3% females and 48. 7% males (Statistics South 

Africa, 2011c). This population lives in the nine provinces of the country (Figure 4.1).  

A review of the population distribution per province revealed that there has been a shift 

in population sizes and growth between industrialised and non-industrialised provinces 

(Figure 4.2). The Gauteng and Western Cape provinces increased in population sizes 

over the 15 years period between 1996 and 2011, while a decrease in population size 

was experienced in non-industrialised provinces such as the Eastern Cape, Northern 

Cape, KwaZulu-Natal and Free State (Statistics South Africa, 2014). However, in North 

West and Limpopo provinces, the population sizes remained constant, while a 

fluctuation in population size was evident from the Mpumalanga province. The profile of 

Mpumalanga province is discussed in detail later in this chapter. However, a brief 

comparative analysis of population sizes per province is presented (Figure 4.2).  
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Figure 4.2: Percentage of population per province 

Source: Statistics South Africa (2011a: 3) 

From the statistics in figure 4.2, it is evident that industrialised provinces have high 

population and that people migrate from rural to urban provinces. Thus, improving 

economic growth through entrepreneurship such as energy efficient guest houses 

development is an important development in rural communities. 

4.2.3 Poverty levels  

The country had 24. 1 % unemployment rate in the first quarter of 2014 and about 56. 8 

% of its population lived in poverty. The statistics show that about 58% of female lived in 

poverty, as compared to 54. 9% of the male (Statistics South Africa, 2011a).  
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The importance of poverty and unemployment statistics in the current study was to 

demonstrate the demand for enterprise development and their potential social and 

economic value in the lives of communities. Thus, an increase in new energy-efficient 

guest houses would be viewed as one of such entrepreneurial thrive that needed to be 

promoted and protected.  According to available statistics, the Mpumalanga province is 

the third highest province with high number of families living in poverty in South Africa 

(Figure 4.3).  
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Figure 4.3: Percentage of poverty per province 

Source: Statistics South Africa (2011b) 
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Figure 4.3 shows that the eminent demand for entrepreneurial support in the hotel 

industry to improve profitability and lower operational costs through energy saving 

without compromising the set services standards. Through the reduction in operational 

costs and increasing guest houses’ profits, more job opportunities and income would be 

generated. 

4.3 PROFILE OF THE MPUMALANGA PROVINCE 

Mpumalanga shares geographic boundaries with provinces like Limpopo, Gauteng, 

KwaZulu-Natal and Free State. It also shares borders with the two independent 

countries (1) Swaziland and (2) Mozambique. The provincial legislature of the province 

is located in Mbombela town, about 350 km north-east of the City of Tshwane, the 

capital city of South Africa (Mpumalanga Provincial Government, 2003). The province 

consists of three district municipalities and 18 local municipalities (Figure 4.4). However, 

the province does not have any metropolitan municipality, since there is no city in the 

Mpumalanga. This absence of metropolitan municipality served further as a 

confirmation that the province is predominately rural and peri-urban, despite the 

presence of most coal-fired power generation in the country and one major 

petrochemical processing plant in the province (Republic of South Africa, 1998).  

In this study, it was important to realise that increase in energy consumption, particularly 

grid, had double impacts to the communities in Mpumalanga; (1) it increased the rate of 

coal mining for energy generation and (2) increased levels of carbon emissions and 

pollution in the local areas.  



 

77 

 

 

Figure 4.4: Municipalities of Mpumalanga province 

Source: Republic of South Africa (1998) 

Once more, these levels of industrial development in the province also demonstrated 

the limited capacity of the provincial municipalities to generate, supply, distribute and 

sell grid energy in communities, particularly in guest houses. The foregoing was an 

advantage to the study, in that most communities and guest houses received energy 

directly from Eskom, with a few municipalities also selling electricity. Therefore, the unit 

price of electric energy remained constant in most communities within the province. 

Electric energy used in the entire province was largely supplied through national grid 

system by Eskom, since there was no municipality or any other authority that generated 

electric energy in the province.  

http://en.wikipedia.org/wiki/File:Map_of_Mpumalanga_with_districts_shaded_and_municipalities_numbered_(2011).svg
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4.3.1 Demographics of the province  

The province occupies an area of 79 490 km2 and has a total population of 4 million 

people. It is estimated that 51. 2% of the total population is constituted by females, with 

48. 8% males. The provincial population is said to have grown by 1. 8% between 2001 

and 2011, with the average 3. 7 people per household (Statistics South Africa, 2011b). 

Importantly, the highest age group of the population was of working age (Figure 4.5).  

5%

64%

31%

Age 0-14

Age 15-64

Above 65

 

Figure 4.5: Age profile of the Mpumalanga population 

Source: Statistics South Africa (2011b). 

From figure 4.5, it is evident that almost 72% of the population is under 34 years of age 

and 64. 1% of the population is of working age.  
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Despite these, 31. 9% of the working group remained unemployment, and the average 

household gross income per annum was R 77 597, 00 in 2011. Surely, given the 

average family sizes and average annual income per household, the levels of family 

affordability were low, justifying a demand for supplementary incomes. 

The difference in population size and working group vary across the three district 

municipalities. Ehlanzeni had the highest population size with the lowest working age 

group, followed by Nkangala with the second highest population and highest working 

age group population in the province, and finally the Gert Sibande had the smallest 

population with the second highest working age group (Figure 4.6). Regardless of the 

high percentage of the working age group in the districts population, these districts 

continue to experience high unemployment rates. Gert Sibande has 29.9% 

unemployment 30.2% in Nkangala and 34.7% in Ehlanzeni. The average household 

gross income per annum for the three district municipalities varied between R84 177.00 

in Gert Sibande, R89 006.00 in Nkangala and R64 403.00 in Ehlanzeni (Statistics South 

Africa, 2011b). 
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Figure 4.6: Percentage of total population and working age group per district 

Source: Statistics South Africa (2011b) 

Deducing from the household income levels and unemployment rates in the three 

districts, it is evident that Ehlanzeni has the lowest household income and highest 

unemployment rate in the province. However, Nkangala district had the highest 

household income and the second unemployment rate in the province. Finally, the Gert 

Sibande district had the second household income rate per annum and the lowest 

unemployment rate, among all provincial districts municipalities. 
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4.3.2 Tourism in Mpumalanga  

Mpumalanga is known as one of the world’s tourist destinations. The province is famous 

for being home to the Kruger National Park, cultural diversity and the geological 

wonders of the panoramic areas (Mpumalanga Provincial Government, 2003). 

Mpumalanga Provincial Government (2011), has identified tourism as the potential 

driver which would create an estimated 250 000 permanent jobs by 2020. Specific 

targeted areas include the “promotion of wildlife, nature, entertainment, adventure 

tourism, industrial, township tourism and cultural heritage” (Mpumalanga Provincial 

Government, 2011: 4). The guest houses, which are the focus of this study, are the 

primary township tourism products (Nuntsu et al, 2004). Undoubtedly, these guest 

houses have a significant contribution in addressing unemployment, low household 

incomes and poverty levels. Furthermore, this sector and industry (tourism and hotels) 

have a great opportunity to thrive in a province like Mpumalanga. 

4.3.3 Domestic energy use 

Provincial statistics confirm that electricity (grid) is the main form of energy used in 

domestic settings since the dawn of democracy in South Africa (Statistics South Africa, 

2011a). Lighting, water heating and cooking were identified as the three major uses of 

grid in households. For the purposes of this research, it is important to note that the 

historic origin of guest houses stemmed from individuals converting their houses into 

few rental rooms to tourists (Nuntsu et al, 2004). To this end, some guest houses 

remain converted houses, particularly in families where children have grown up and 

parents are left alone with unoccupied rooms (Mensah, 2006).  
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Therefore, most of these guest houses’ energy consumption is accounted for as 

domestic (Figure 4.7). 
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Figure 4.7: Percentage of three main electricity uses in households 

Source: Statistics South Africa (2011a: 19) 

From figure 4.7, it is evident that lighting, cooking and heating are the main uses of grid 

energy (electricity) among most residents in South Africa and Mpumalanga province, in 

particular. 

4.4 CLIMATIC PROFILE OF MPUMALANGA PROVINCE 

There is a strong relationship between energy consumption and climatic conditions of 

the location of the selected guest houses (Baker, 2008).  
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Climate, according to Rubel and Kottek (2010), refers to the average weather that has 

prevailed in a defined geographic area (location) for at least 10 to 30 years. However, in 

this study, climate was defined based on weather profile of an area in the past 10 years. 

This approach was also attributed to limited access and availability of weather records 

for a period of more than 10 years, particularly in some rural locations. Thus it made 

sense for the study to consistently use ten year records for the climatic profiling of the 

locations of the selected guest houses in the Mpumalanga province. 

It is important, however, to understand that the climatic profile of an area depends on a 

number of environmental factors such as the latitude, altitude, terrain, water bodies and 

their currency (Kottek, Griesel, Beck, Rudolf & Rubel, 2006).  Hence, the climatic profile 

of a location is determined by measuring the ambient temperature and its precipitation 

(Conradie, 2012). To profile the climatic conditions of the areas where the selected 

guest houses were located, secondary data on ten year average temperature were 

sourced from the South African Weather Services (2014). The average temperature 

above, were also used to estimate the average ambient temperatures of different 

locations of guest houses, in which case, the average ambient  temperature of each 

locality would be used as a baseline ambient temperature for inlet water temperature.  

The difference between the average ambient temperature and measured inlet water 

temperature would suggest potential heat gain or loss which could be associated with 

plumbing systems or other factors.  
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In addition, the average ambient temperature would also be used as baseline for indoor 

thermal temperature, for comparison with measured indoor thermal temperature to 

predict the impact of passive energy saving methods and energy use for indoor thermal 

comfort in a guest house. The importance of studying the relationship between climate 

and energy in this research stems from the understanding that the demand for energy 

use is driven by the desire to maintain indoor thermal comfort and outlet hot water 

temperatures. Thermal conditions and water temperature require a variable amount of 

energy based on the ambient climatic conditions of the guest house. Similarly, energy 

generation inputs, processes and outputs are key drivers of climate change. Lastly, the 

availability of different types of energy resources is also driven by the climatic conditions 

of an area, such as solar energy resources (South African Bureau of Standards, 2005).  

Previous studies argued that South Africa has insufficient weather information to make 

comprehensive predictions and calculations of passive energy efficiency (Conradie, 

2012). Despite these previous findings, there are myriads of useful methodologies that 

could be used to determine climatic and weather patterns of the locations of the 

selected guest houses. Firstly, the following six vegetation biomes found in South Africa 

could be used to determine the climatic regions of the country, a method historically 

used by Low and Rebelo (1996): 

 Savannah 

 Grassland 

 Karoo 

 Fynbos 
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 Forest and 

 Desert 

Secondly, the study could use bioclimatic approach called Koppen-Geiger, (Rubel & 

Kottek, 2010).The Koppen-Geiger uses plants as parameters of many climatic elements 

and classified climatic profiles of areas into five climate zones, namely: 

 The equatorial zones 

 The arid zone 

 The warm temperature zone 

 The snow zone 

 The polar zone 

Finally, the South African Bureau of Standards (2005) published guidelines that formally 

classified South Africa’s areas into six climatic zones (Figure 4.8).  
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Figure 4.8: Climatic regions of South Africa 

Source: South African Bureau of Standards (2005) 

In this study, the South African Bureau of Standards’ (2005) methods of classifying 

climatic zones were adopted. This method has been widely used in a number of energy 

studies in South Africa, is comprehensive and is scientifically accepted by scholars and 

industrial communities (Donev, van Sark, Blom & Dintchev, 2012). To simplify the 

climatic classification methods, the South African Bureau of Standards (2005) specified 

the exact climatic zones of a number of cities, towns and well known areas across the 

country (Table 4.1). 
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Table 4.1: Climatic zones of Mpumalanga towns 

Town Zone Town Zone Town Zone 

Sabie 3 Kruger National Park 3 Komatipoort 3 

Mbombela 3 Standerton 1 Middelburg 1 

Ermelo 1 Dullstroom 1 Delmas 1 

Pilgrims Rest 2 Graskop 3 Volksrust 1 

 Waterval Boven 1 Stoffberg 2 eMalahleni 1 

Source: Adapted from South African Bureau of Standards (2011: 31) 

In the light of the focus of this study, it was necessary to identify and classify the climatic 

zones of all 18 local municipalities of Mpumalanga province (Republic of South Africa, 

2013). Table 4.2 presents different climatic zones of five local municipalities that are 

under Ehlanzeni District Municipality. 

Table 4.2: Local municipalities in the Ehlanzeni District Municipality 

Local Municipality  Towns or areas Listed town  Climatic zone 

Bushbuckridge (1) Mkhuhlu  Kruger National Park 3 

Thaba Chweu (2)  Graskop 

 Mashishing 

 Graskop 

 Sabie 

3 

3 

Mbombela (3)  Mbombela  Mbombela 3 

Nkomazi (4)  Komatipoort 

  

 Komatipoort 

 Kruger National Park 

3 

3 

Umjindi (5)  Barberton   Barberton  

 Kruger National Park 

2 

3 

From table 4.2, it is evident that the climatic zones of all major towns hot interior, with 

the exception of Barberton which is temperate interior. Thus according to this climatic 

profile, Ehlanzeni is the hot district municipality in Mpumalanga province.  
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Hence guest houses located within the district municipality will require indoor cooling 

services and have a potential for solar energy efficiency. In table 4.3, climatic zones of 

six local municipalities of Nkangala District Municipality are presented. 

Table 4.3: Local municipalities in the Nkangala District Municipality 

Local Municipality   Towns  Listed town  Climatic zone 

Dr JS Moroka (6)  Siyabuswa (rural)  None  - 

Thembisile Hani (7) KwaMhlanga (rural)  None  - 

Victor Kanye (8)  Delmas   Delmas  1 

eMalahleni (9)  eMalahleni  EMalahleni 1 

Steve Tshwete (10)  Middelburg  Middelburg  1 

eMakhazeni (11)  eMakhazeni 

  

 Dullstroom 

 Mgwenya  

1 

1 

According table 4.3, Nkangala is a cold interior district municipality which has two 

climatically unclassified local municipalities. It is the coldest district municipality in the 

province. Guest houses located within this district municipality are likely to require 

heating services in order to maintain indoor thermal comfort of guests. Lastly, the Gert 

Sibande District Municipality has seven local municipalities, whose climatic zones are 

presented in table 4.4. 
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Table 4.4: Local municipalities in the Gert Sibande District Municipality 

Local Municipality  Towns  Listed town  Climatic zone 

Dipaleseng (12)  Balfour   None  - 

Govan Mbeki (13) Secunda  None  - 

Msukaligwa (14)  Ermelo 

 Amsterdam 

 Ermelo 

 Amsterdam 

1 

2 

Chief Albert Luthuli (15)  Badplaas 

Carolina 

 Badplaas 2 

Lekwa (16)  Standerton   Standerton  1 

Pixle Ka Seme (17)  Volksrust   Volksrust  1 

Mkhondo (18)  Mkhondo  Mkhondo 2 

The Gert Sibande District Municipality equally has both cold interior and temperate 

interior local municipalities. It also has two climatically unclassified local municipalities. 

In this district municipality, indoor heating is occasionally expected among guest 

houses.
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4.5 SUMMARY 

In this chapter the demarcation and profiles of South Africa are discussed in detail. 

South Africa has nine provinces, a land size of 1 219 090 square kilometres and a 

population of 53 million people. The population and poverty levels are both high 

among females than males in the country South Africa has an unemployment rate 

of 24.1% and a poverty rate of 56.8%.  

Mpumalanga is one of the nine provinces of South Africa, where the study was 

conducted. The province consists of 18 local municipalities that fall within the 

Ehlanzeni, Nkangala and Gert Sibande district municipalities.  The district 

municipalities fall within climatic zones 1, 2 and 3 which are cold, temperate and 

hot interior, respectively. Most households in the province have access to 

electricity as the main source of energy for lighting, indoor thermal comfort and 

cooking. 

Because of the climatic profile of the study area, renewable energy sources such 

as solar are highly accessible and effective. Furthermore, the climatic profile 

requires less energy for indoor and water temperature regulation. Thus the guest 

houses within climatic zones 2 and 3 can potentially regulate their indoor and 

water temperature without high energy consumption. 
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CHAPTER 5: RESEARCH METHODOLOGY  

5.1 INTRODUCTION 

This chapter presents the research methods and procedures followed; for data 

collection, analysis, presentation and reporting the research outcomes. These 

methods were followed in the development of an energy efficiency framework that 

extends from existing one (see chapter 3). Lastly, each selected research method, 

tool or technique is discussed in detail outlining its description, relevance, 

strength, weaknesses and justification to the current study.  Individual methods 

used to answer the specific research questions are also specified. 

5.2 RESEARCH DESIGN 

A research design is “a general strategy for solving a research problem” (Leedy & 

Ormrod, 2010:85). A research design encompasses the formulation of a research 

question and set of procedures that will be followed in the collection, analysis, 

interpretation and reporting of research findings (Creswell, Clark, Gutman & 

Hanson, 2003; Tashakkori & Creswell, 2007). Hence, a multiple case study design 

was followed in this study in order to guide the structure, processes and 

procedures when formulating and answering the specific research questions in 

chapter 1, as recommended by Creswell et al (2009). A multiple case study 

design, according to Yin (2003), is suitable for research studies when: 

 how and why questions are being posed 

 the investigator has little control over events, and 

  the focus of the investigation is on a contemporary phenomenon within some 

real life context 
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The use of multiple case studies as recommended by Creswell and Clark (2011) 

and Mouton (2011), is relevant to this study, given its need for in-depth and 

descriptive responses about energy efficiency practices within the selected guest 

houses. In addition, an in-depth qualitative researcher often uses qualitative and 

some quantitative techniques as viewpoints, data collection tools, analysis and 

inference (Ostlund, Kidd, Wengstrom & Rowa-Dewar, 2011).  Hence Johnson, 

Onwugbuize, and Turner (2007: 123) conclude that in-depth qualitative study 

should seek to achieve “breadth and depth of understanding and corroboration” 

about the phenomenon under investigation. During data analysis, the researcher 

would either follow a parallel or sequential approach (Ostlund, Kidd, Wengstrom & 

Rowa-Dewar, 2011).  

Tashakori and Creswell (2007) warn that in-depth qualitative researchers need to 

understand two important principles (1) the utilisation of qualitative and 

quantitative data without integration and (2) the comprehensive mix of both data 

sets effectively in a single study. Thus, this study has adopted a comprehensive 

mix of qualitative and quantitative tools in the current study in order to generate a 

broad, in-depth and broad understanding of energy efficiency in the guest houses 

under investigation, including the understanding of the relationship between 

energy saving and services standards of the selected guest houses (Johnson et 

al, 2007; Bruhn, Georgi & Hadwich, 2008).  

In this study, the adoption of an in-depth qualitative research benefited from the 

combined strengths of qualitative and quantitative research approaches and 

enabled the following lines of reasoning to investigate energy efficiency 

phenomenon in the selected guest houses: 
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a) Deductive reasoning: 

Deductive reasoning is a common line of reasoning used in qualitative research to 

draw conclusions from theories, frameworks or premises about an investigation 

(Mouton, 2011). According to Leedy and Ormrod (2010:33) a deductive approach 

of reasoning does not begin with a pre-established truth or assumption, but with 

an observation. Thus deductive line of reasoning was used in the current study, to 

formulate the proposed Energy Efficiency framework for guest houses from 

scientific theories and definitions of energy efficiency (Tsang, 2013).  

b) Inductive reasoning 

Inductive reasoning is the opposite of deductive line of reasoning, mostly used by 

quantitative researchers (Leedy & Ormrod, 2010). Inductive reasoning is also 

known as generalisation, where the researcher draws inferences or conclusions 

from specific observations or sample results (Tsang, 2013).  

In this line of reasoning, a researcher strictly generalises the research outcomes 

from the sample to the general population from which the sample was drawn 

(Mouton, 2013). Although case study researches are historically not suitable for 

generalisation of study findings, however, the application of multiple case studies 

in an in-depth qualitative research involves a limited use of inductive reasoning 

(Tsang, 2013). Thus a limited amount of descriptive statistical analysis was used 

in the study and inductive reasoning was followed to test the proposed Energy 

Efficiency framework in the selected guest houses. 
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c) Retroductive reasoning 

Retroductive reasoning is also known as inference to the best explanation 

(Mouton, 2013). In this retroductive line of reasoning, the researcher tries to 

explain or hypothesize the observed events based on observations made, 

perceived trends and patterns, (Mouton, 2013). Retroductive reasoning is 

associated with retrospective research, where a researcher tries to find best 

explanation for past events, trends and happenings (Mouton, 2013). For purposes 

of this study, this line of reasoning was used to formulate, explain historic energy 

consumption levels (baseline), trends and patterns in order to compare with 

current consumptions (Lopez, MMolina-Azorin & Claver-Clortes, 2009).  

It is evident from the three lines of reasoning, that all three had significant 

contribution towards achieving in-depth investigation of the phenomenon in 

question. Furthermore, the relevance and importance of in-depth qualitative 

research is emphasised through the abilities and benefits of using these three 

lines of reasoning in one study (Yin, 2003). 

5.3 SELECTION OF CASES 

Creswell et al (2009: 245) state that “case studies focus on an issue with the 

case”. In this study, a case was referred to a guest house that was known as 

and/or classified itself as being energy efficient.  Guest house and energy-

efficiency are defined in chapter 2 and 3, respectively. There are two types of case 

studies that could be distinguished according to the size of the bounded issue, 

namely (1) single and (2) multiple cases. Therefore, eight cases were selected for 

in-depth investigation in this study.  
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The number of cases was a principled decision from Mouton (2011), who 

recommended that a smaller number of cases work well in multiple case studies. 

The eight cases were purposefully selected following a four step-by-step criteria or 

principles:  

5.3.1 Online data base of registered Mpumalanga guest houses  

About 101 guest houses were registered and accessible on the Tourism Grading 

Council of South Africa (2014) online data base of the Mpumalanga province. 

Information and requests for participants were sent through emails and local 

tourism business chambers such the Kruger Lowveld Chamber of Business and 

Tourism. 

5.3.2 Willingness to participate 

Guest house operators (including owners, managers and/or representatives) were 

contacted telephonically through email to solicit willing to participate in the study. 

The guest house whose operators had shown interests were selected from the 

101 registered guest houses in the province.  

5.3.3 Potential energy saving guest houses 

Screening for the willing guest houses was divided into two categories (1) 

selecting those that were doing something to reduce energy consumption and (2) 

excluding guest houses that were not doing anything to reduce energy 

consumption. 
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5.3.4 Climatic zones 

As indicated in chapter 4, there are three climatic zones and three district 

municipalities in the Mpumalanga province; therefore an attempt was made to 

ensure each climatic zone was represented in the study. Therefore, eight potential 

energy saving guest houses came from the three climatic zones and district 

municipalities (Tsang, 2013). Eventually, eight guest houses were selected 

according to first return of consent forms from 25 potential participants in three 

climatic zones and district municipalities of the study area. 

5.4 DATA COLLECTION METHODS 

The study used primary and secondary data sources to answer the specific 

research questions (Morgan, 2007). This approach was previously used among 

hotels in Greece to study energy use and classification within the hotel industry, 

and revealed incredible value (Morgan, 2007). Using more than one data source, 

as recommended by Nikolaou, Skias, Kolokotsa and Stavrakakis (2009), enabled 

this study to: 

 confirm results through multiple methods 

 use the results of one method to advance the other methods 

 use the results of one method to develop another method 

 use the data collection methods interactively to follow research questions, and 

 simultaneously pursue lines of enquiry by using multiple data collection 

methods 
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Thus different data collection methods were use in the study to triangulate, 

complement, develop, initiate and expand data sets in order to generate in-depth 

understanding of energy efficiency in the selected guest houses (see table 5.1). 

Table 5.1: Research methodology matrix 

Methods Tool (s) Type of data collected 

Interviews  Questionnaire 

 Audio recorder  

 Sources of energy used in the guest houses 

 Secondary data sources (energy bills, statements 

and accounts) 

 Uses of different energy sources  

 Energy consumption levels 

 Unit prices of energy and rooms 

 Energy saving methods 

 Benchmark for energy consumption 

 Services’ performance levels 

 Occupancy rate of guest house (guests, staff and 

family) 

 Number of rooms 

 Types of appliances used for the selected services 

 Capacities of appliances used for the selected 

services 

 Operation duration for each selected energy use 

 Existence of in-house standards for  services 

 Knowledge of industry services standards for 

services 

Observations   Checklist  

 Photos 

 Energy saving methods 

 Sources of energy in the selected guest houses 

 Uses of energy and consumption levels 

 Services levels 

 Types and capacities of appliances used for the 

selected services 

 Staff and guests behaviours on energy use 

Direct 

measurements  

 Light meter 

 Thermometer 

 

 Indoor lighting levels in guest rooms 

 Inlet and outlet water temperatures 

 Indoor temperatures of guest rooms 
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5.4.1 Pre-testing data collection tools 

All data collection tools were pretested in two of the eight guest houses and 

improvements were made to close gaps which were identified during piloting, prior 

to field work. The direct measurement instruments (light meter, energy meter and 

thermometer) were calibrated by a South African Bureau of Standards (SABS) 

accredited service provider to ensure the reliability of the instruments when taking 

readings. Due diligence was ensured during data collection, analysis and 

interpretation by following acceptable procedures and standards of data collection 

to ensure the credibility of the findings of this study.  

5.4.2 Direct measurement methods 

Indoor lighting readings were taken through a calibrated data logging light meter 

(HD450), colour and cosine corrected type 2. The following standard operational 

procedures were followed during data collection: 

 Instruments were set at 400 range 

 All readings were taken in lux 

 Measurements were taken at night after 20:00 pm 

 Indoor lights were switched on for 20 minutes before readings were taken 

 No measurement was taken underneath a light source  

 Readings were taken on a working surface level, about 0, 8m above floor level 

 Each guest room was divided into 1m2 blocks 

 Measurements were taken in the middle of each 1m2 block, and 

 The average of all readings was used as the indoor lighting level of a guest 

room 
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To take measurements for inlet and outlet water temperatures, and indoor thermal, 

a Wide InfraRed thermometer (Framework 42515) with type K input and laser 

pointer was used. The following procedures were adhered to during data 

collection: 

 All data were collected through InfraRed laser pointer 

 The object under test was always larger than the spot 

 Before taking a measurement, surfaces were cleaned  

 On reflective objects, masking tape was used to the surface before taking 

readings 

 No measurements were taken through transparent surfaces such as glass 

 Possible obstructions such as steam, smoke and dust were avoided 

 Measurements were taken within 13: 1 inch range of the target 

 Measurements were taken during the night after 20:00 am 

 Inlet water taps ran for five minutes before measurements were taken 

 Outlet water taps ran for at least 15 minutes before measurements were taken, 

and 

 All indoor control appliances were off before measurements were taken 

5.5 DATA ANAYSIS  

The study used three data analysis methods, namely; exploratory, explanatory 

and descriptive statistics to analyse the collected data. These are common data 

analysis methods used in most multiple case studies (Yin, 2003). The advantages 

and relevance of each data analysis methods are discussed in details below.  
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The data analysis methods are aligned to the three lines of reasoning discussed in 

section 5.2. 

5.5.1 Exploratory analysis 

Exploratory data analysis is useful for the development of theoretical frameworks, 

propositions and/or hypotheses (Creswell & Clark 2011). Through exploratory 

analysis of existing literature and the deductive reasoning, an Energy Efficiency 

framework was formulated, through critical literature analysis (see chapter 3).  In 

addition, exploratory analysis was used to identify and formulate research 

parameters and variables that were tested in the current study, through detailed 

literature analysis (see table 5.1). Similarly, the research question and specific 

research questions of the study were formulated through exploratory literature 

analysis (see chapter 1). 

5.5.2 Descriptive statistical analysis 

Descriptive statistics was used to describe the body of numerical data by 

measuring central and variability tendencies of the collected data (Field, 2005). 

Measures of central tendencies give a reasonable predictions or best guess about 

variables under investigation. Thus, these measures were used in the study to 

give a reasonable prediction of energy consumption levels, energy saving levels 

and levels of services compliance in the selected guest houses (Marshall et al, 

2010). In determining measures of central tendencies, the mean, median and 

mode were calculated for selected variables (Leedy & Ormrod, 2010). On the 

other hand, measures or points of variability are used to measure the opposite of 

central tendency or dispersion from the central measures.  
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These points measure the worst odds of the numerical data collected (Leedy & 

Ormrod, 2010). 

5.5.3 Explanatory analysis 

This method of analysis is useful to explain research outcomes and their 

implications to the population from which a sample is drawn (Creswell et al, 2003). 

The literal meaning of explanatory analysis method is that it explains the 

relationships between study variables, particularly in quantitatively analysed data 

(Lai & Cheng, 2005; Morgan, 2007). Thus, in this study, explanatory analysis was 

used to literally explain the descriptive statistical results and to clarify their 

implications or meaning to the research question.  

The explanatory analysis complemented the results of descriptive statistics as one 

of the fivefold purposes of multiple data collection and analytical methods (see 

section 5.4). This analysis helped to close the gaps of quantitative analysis which 

is mainly suitable for the generalisable trends about populations (Bruhn et al, 

2008). The implementation of explanatory data analysis also found support from 

Creswell and Clark (2011) who concluded that explanatory data analysis is a 

suitable method in studies where the researcher returns to the respondents to ask 

follow-up questions which might have not been answered by the first round of data 

collection. A similar approach was followed in the study, as discussed in section 

5.2. 
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5.6 SUMMARY 

Eight cases were purposefully selected from each of the three climatic zones of 

the Mpumalanga province, using willingness to participate and registration with the 

Tourism Grading Council of South Africa as selection criteria.  

Empirical and secondary data were collected by using available records, 

structured interviews, observations and direct measurements. All data collection 

tools and instruments are pre-tested and modified where necessary. Three 

methods were used for data analysis, namely exploratory analysis, descriptive 

statistical analysis and explanatory analysis. Exploratory data analysis was 

primarily used in the formulation of the theoretical framework of the study, using 

in-depth review of literature and secondary data. All quantitative variables were 

analysed through descriptive statistical methods were used. Finally, explanatory 

data analysis methods were used to explain the quantitative data and to develop 

an in-depth understanding of the case and dynamics of the selected guest 

houses. 
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CHAPTER 6: ENERGY SAVING IN THE GUEST HOUSES 

6.1 INTRODUCTION 

The empirical data on energy saving collected from eight selected guest houses in 

Mpumalanga is presented in this chapter. These results stem from the analysis of 

all qualitative and quantitative variables measured through structured interviews, 

direct measurements and observations. Secondary data from energy bills, 

statements and accounts records were also used in the study. The chapter 

presents the sources of energy, as well as the amounts and ratios of energy use 

of three selected services rendered in the eight guest houses. The three services 

include indoor lighting, water heating and indoor thermal comfort. Furthermore, the 

various energy-saving methods and the variable energy-consumption levels in 

these guest houses are assessed. A clear distinction between fixed and variable 

energy consumption is demonstrated and discussed in this chapter. Finally, 

energy saving is presented in financial and non-financial terms through costing 

methods as well as carbon accounting methods respectively. 

6.2 ENERGY SOURCES  

Five main sources of energy are used for indoor lighting, water heating and indoor 

thermal comfort in the selected guest houses. These five sources include grid 

electricity, petroleum, solar, wood and liquefied petroleum gas (also referred to as 

gas in this study). Grid referred to in this study is electricity generated from 

different sources and supplied by Eskom (see section 2.4). Petroleum is a broad 

category that includes petrol, diesel, illuminating paraffin, candles and lamp oils. In 

figure 6.1, energy sources are classified according to their level of use. 
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Figure 6.1: Number of guest houses using a specific energy source 

From the results in figure 6.1, it is evident that only one of the eight guest houses 

does not have grid connection as a form of energy source for its operations. This 

guest house is also the only guest house that uses solar energy as the primary 

source of energy for indoor lighting. The results give a different perspective from 

the common dependency of international and local hotels to electricity, found by 

Ali et al (2008), Zografakis et al (2011), City Lodge Hotels Limited (2011) and Sun 

International (2012) (section 2.4). Petroleum is the second highest source of a 

back-up or supplementary energy source in all the sampled guest houses. The 

use of petroleum as back-up or supplementary energy source through power 

generators is a confirmation to the common practice used among City Lodge 

Hotels Limited (2011). Gas and wood are being used for water heating by the 

guest house that had no grid connection.  
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6.2.1 Energy sources for indoor lighting 

The guest houses use grid, petroleum and solar energy sources for indoor 

lighting. Grid remains the primary energy source of indoor lighting in seven, but 

one guest houses had no grid connection at all. Only one guest house used solar 

energy for its indoor lighting. The use of solar energy for indoor lighting serves as 

a best example of a guest houses adopting a carbon neutral energy source as one 

of energy saving methods recommended by Karagiorgas et al (2007). The results 

show that 80% of the energy used for indoor lighting in the guest houses was 

supplied through grid, while only 11.2% of the indoor lighting was solar energy and 

8.8% petroleum. It is estimated therefore, that about 88.8% of the total energy 

comes from non-renewable sources, with only 11.2% of the total energy coming 

from renewable sources. 

Although petroleum appears to be the second most common and preferred energy 

source among the guest houses, this energy source was used only as a back-up 

and/or in emergency situations during power cuts (figure 6.2). None of the eight 

guest houses use petroleum as their primary energy source for any of the three 

selected services. 
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Figure 6.2: Distribution of energy sources for indoor lighting 

6.2.2 Energy sources for water heating 

The study indicates that four of the eight selected guest houses rely on grid as 

their only source of energy for water heating, while three guest houses use solar 

as their primary energy source for water heating. Although grid remains a 

supplementary and/or back-up energy source in guest houses with solar water 

heating systems, gas was found to be a primary energy source in the guest house 

without grid connection. This guest house also uses solar energy for indoor 

lighting and wood as a supplementary energy source (figure 6.3). Therefore grid, 

solar energy, gas and wood are the four types of energy sources commonly used 

by the selected guest houses for water heating.  

The overall energy consumption level is 67% grid, 20.6% solar energy, 11.8% gas 
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and 0.6% wood. Given that about 79.4% of the total energy used for water heating 

in the guest houses is generated from non-renewable sources and that 7.8 % of 

grid is generated from renewable source (see section 2.4.2), it  can be deduced 

that 71.6% of the total energy used for water heating in these guest houses is 

non-renewable. 
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Figure 6.3: Rate of energy use for water heating per source 

From figure 6.3, grid electricity is also the primary source of energy for water 

heating in guest houses. This is followed by solar energy, gas and wood. The 

results revealed that the one guest house that used solar energy for lighting did 

not use energy source for its water heating. However, the respondent could not 

explain why solar energy was not being used for water heating.  
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This guest house had five guest rooms, the lowest number of guest rooms among 

the eight guest houses. This guest house could use solar geysers for water 

heating instead of electricity and gas, as discussed in the literature (see section 

2.7). Therefore, taking advantage of the hotel size and technical processes would 

make it easier to share one solar geyser among more than one guest room, which 

could reduce capital investment for water heating in the guest house.  

Gas is being used for water heating and wood as a supplementary energy source 

for pre-heating in the above guest house. The water heating results in the above 

guest house are in contrast to Onut and Soner’s (2006) recommendation that 

solar energy should be used as alternative energy to electricity and gas in water 

heating (see section 3.3.2).  

6.2.3 Energy sources for indoor thermal control 

The results show that grid was the only source of energy used for indoor thermal 

comfort by the selected guest houses (figure 6.4). In the non-grid connected guest 

house, the indoor thermal environment is regulated and controlled in a natural way 

only. These findings confirm the previous studies by Baker (2008), which found 

that indoor thermal comfort is the main consumer of energy among all hotel 

services. It appeared though, that without grid connection, the latter guest house 

could not provide alternative energy for indoor thermal comfort. Hence, there was 

no means of regulating indoor thermal temperature in guest rooms than through 

passive energy saving means (section 3.3.1). 
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Figure 6.4: Rate of energy use for indoor thermal comfort per source 

The results of the study show that the selected guest houses depend entirely on 

grid for their indoor thermal comfort. Despite all efforts by these guest houses to 

use alternative energy sources in other services, none of these guest houses had 

an alternative energy source for indoor thermal control other than grid electricity. 

Therefore, indoor thermal comfort was found to be entirely based on non-

renewable sources.  
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6.3 ENERGY SAVING METHODS  
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The behaviour of the staff and guests of guest houses was prioritised as the first 

active energy saving method for investigation, because Schipper (1982) identified 

human behaviour as the main global driver of energy consumption in all the 

sectors of a society. A set of behavioural change indicators (attitudes) and 

practices were assessed. The prioritisation of behavioural change stemmed from a 

previous finding by Farrou et al (2012) which concluded that this energy saving 

method had significance impact on reducing energy consumption than technical 

processes. Behavioural change was also found to be the cheapest energy saving 

method amongst engineering and alternative energy use. Energy audit was also 

investigated in this study because Burrit and Saka (2006) pointed out that it is 

useful for identifying operational activities, appliances and services for which 

energy is used and also prioritise energy saving, a key information needed by 

guest houses operators. 

Firstly, the study investigated the number of guest houses that have previously 

conducted energy audit, as a key and first step towards energy saving. Energy 

audit has been identified as the first step towards energy saving and efficiency in 

section 3.3.1. In this study, energy audit was also used as a behaviour change 

indicator that reflects the attitude of guest house operators towards energy use. In 

this study, an energy audit was assessed as a dependent variable of guest house 

operator’s knowledge, which Kriek (2009) confirmed to influence behaviour.  
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Therefore, through conducting energy audits it was expected that the sampled 

guest house operators could gain knowledge of the types, quantities, uses, costs 

and impact of their energy use, and therefore make informed decisions about their 

future energy demand and use. This knowledge about energy use in each guest 

house was identified as a key driver for change in the behaviour of both 

management (operators) and staff of guest houses. 

The results on energy audits found that seven of the eight respondents indicated 

that they have not conducted energy audits of their guest houses since they 

started operating. One respondent indicated that energy audits for lighting (both 

indoor and outdoor) and water heating had been conducted recently. However, 

despite the fact that respondents said that they have not conducted energy audits 

of their guest houses, it can be deduced from the available energy consumption 

records available within most guest houses that some form of informal and/or 

unstructured energy audits are routinely conducted (see section 3.3.1). This is 

supported by the fact that the respondents have some knowledge of the cost of 

energy.  

All respondents have knowledge about the approximate monthly costs of different 

energy sources, possible methods for reducing energy costs, and operations that 

use a high amount of energy in their guest houses. Although there were no proper 

records of previous and current energy consumption, it can be concluded from the 

answers of respondents that operators of guest houses conduct some form of 

informal energy audits.  
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In addition to energy audits, an investigation was also conducted on whether 

guest houses had written policies on energy saving available, as recommended by 

Onut and Soner (2006) and Karagiorgas et al (2007), see section 3.3.1. The 

results show that none of the guest houses had written policies on energy saving.  

The study also investigated if these guest houses were routinely monitoring their 

energy use in order to determine the difference between previous or baseline 

energy and current energy consumption as suggested by Efficiency Evaluation 

Organization (2010). This information would be useful in evaluating energy 

consumption trends and effectiveness of different energy-saving methods in guest 

houses. Monitoring energy use is an important indicator of behavioural change, as 

it reflects the level of awareness and knowledge of guest house operators to 

frequently measure energy consumption to evaluate the effect of existing energy-

saving methods. Furthermore, according to Baker (2008), monitoring the use of 

energy also give an indication of how important energy use and its related costs 

are for a guest house operator. Hence this study assessed the commitment of 

guest house operators and frequency of energy use monitoring. 

Respondents from all the selected guest houses said that they did not monitor 

their energy use for the three selected services. This confirms the previous 

findings by Teng, Horng, Hu, Chien and Shen, (2012) about the reluctance of 

guest house operators to implement energy saving methods (see section 1.2). 

However, all the guest houses attested to be routinely monitoring and switching off 

appliances in unoccupied guest rooms, a common energy saving measure as 

discussed earlier under section 3.3.1.  
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This shows that the staffs of the guest houses understand the impact of the 

selected services on their energy accounts, although they do not know the exact 

amounts of energy used by these services.  

The study also assessed how guest houses inform guests about their energy-

saving efforts. As revealed in the literature chapter, informing guest about energy-

saving efforts for guest houses is a recommended low cost energy saving method 

(see 3.3.1). This indicator for behavioural change focuses on the following: (1) 

training and raising awareness of staff and (2) raising awareness of guests. 

Although there was no evidence of training on energy saving, such as minutes or 

agendas, all respondents reported that staff members are aware of and support 

the idea of saving energy. In three of the eight guest houses, written information 

and awareness messages on energy can be seen in guest rooms. However, only 

two of the messages are related to energy saving (figure 6.5).  

  

Figure 6.5: Energy saving awareness notices 
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The responses of guest house operators relating to energy audits, availability of 

policies on energy saving, routine monitoring of energy use for the entire guest 

house and individuals, and awareness raising and/or training of staff and guests 

could give an indication of the operators' understanding and use of behavioural 

change as an energy-saving method. The study results suggest that the guest 

houses do not pay much attention to this first level, low cost and high impact type 

of active energy-saving method recommended by Zeng et al (2010). The 

responses of these guest houses on all behavioural indicators give show that the 

attitude of guest house operators remain neutral towards energy saving and 

energy use as proposed by Kriek (2009). Furthermore, this could also indicate the 

level of awareness and knowledge of the effect of behavioural change on energy 

saving.  

In general, the performance of the guest houses on this energy saving method is a 

reason for concern, as behavioural change is a cost-free energy-saving method 

and known to have a significant effect on energy saving. Despite differences in the 

affordability of the assessed guest houses, not one of the guest houses can use 

their financial strength as an excuse to justify their unsatisfactory performance on 

behavioural change, as this energy-saving method comes without costs.  

6.3.2 Energy diversity 

The sampled guest houses used five energy sources, namely grid, petroleum, 

solar, gas and wood to render the three selected services. The selected services 

each used a maximum of three among five energy sources.  
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However, grid remained the most common and dominant energy source for all 

three selected services (figure 6.6) as what emerged from the literature (see 

section 2.4).  
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Figure 6.6: Rate of energy use for the selected services per energy sources 

Energy mix, also known as alternative energy and energy diversification, is 

according to literature the second most active energy-saving method (see section 

3.3.2). By using different energy sources to deliver one service, guest houses 

explored or discovered more reliable and affordable low carbon source of energy, 

as evident from the number of guest houses switching from carbon intense to 

carbon neutral energy sources. This study shows that guest houses still rely on 

one form of energy source, namely grid.  
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The prevalence of energy supplied by grid in the guest houses in the study 

confirms the international, continental and national research findings which found 

that electricity is the primary source of energy in the hotel industry as observed by 

Ali et al, (2008), Zografakis et al, (2011), Sun International (2012) – see section 

3.3.2. As per the Republic of South Africa, (2012) grid energy accounts for 

approximately 70% of energy from non-renewable sources, while only 7.8% is 

generated from renewable energy sources (see figure 2.2) and the pattern 

emerging from the study is not different either. 

Taking into consideration the proportion of grid energy sources across the 

selected services in the guest houses (figure 6.7), it seems that the highest 

amount of energy used in these guest houses are from non-renewable energy 

sources. However, it seems as if solar energy sources for indoor lighting and 

water heating are being introduced in the selected guest houses as the second 

highest source of energy. Only 11% of the total energy used by the selected guest 

houses is from renewable sources (solar), as petroleum, gas and wood are 

classified as non-renewable energy sources. 
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Figure 6.7: Rate of energy mix in the guest houses 

The study results confirmed the global trend about the reliance of guest houses on 

grid as a primary energy source, despite the availability of other energy sources 

such as petroleum, gas, solar and wood (see section 2.4). However, a growing 

trend in the use of solar energy was observed. Solar energy is being used mainly 

for water heating. Although only one of the guest houses used solar for lighting, it 

could be deduced from this observation that it is feasible for the guest houses to 

use solar energy for both lighting and water heating. It should be noted that indoor 

thermal control remained a challenge for energy diversification, as none of the 

selected guest houses used any source of energy for indoor thermal control other 

than grid.  
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It appeared, that indoor thermal comfort services is still an area that needed much 

attention in the exploration of possible energy mix, primarily because the 

appliances were found to consume high energy quantity as previously found by 

Trung and Kumar (2005). Thus, it would be difficult for guest houses to use solar 

energy to operate indoor thermal control appliances, because of high energy 

quantity required and the feasibility of generating such energy from solar. 

6.3.3 Engineering methods 

Two sub-engineering methods are in use in the guest houses selected in the 

study. 

6.3.3.1 Instrumentation  

As discussed in the literature chapter, instrumentation refers to the design and use 

of electronic instruments to monitor, control and/or reduce the amount of energy 

used in a particular service or operation in a guest house (see section 3.3.3.1). 

The results confirm that five types of energy-saving instruments are being used in 

the selected guest houses. More instruments are being used to save energy in 

water heating than in lighting and indoor thermal comfort (figure 6.8). 
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Figure 6.8: Number of energy saving instruments used in the guest houses 

Automation appeared to be the only technique for which the five instruments were 

being used for the three selected services. As discussed in the literature, 

automation is an engineering technique that uses instruments to activate and 

deactivate energy use in different appliances using time, light intensity, movement 

sensors for indoor lighting and temperature sensors in water heaters, indoor 

thermal control equipment (air conditioners) as well as setting performance levels 

of appliances (section 3.3.3.1). 

In lighting, automation was achieved through the use of motion sensors in bath 

rooms. Motion sensors were used to automatically detect guest movement in a 

room and bathrooms. In sensing the movements, as per Ellies (2013), a motion 

sensor instrument would activate energy to switch-on a light source.  
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These guest houses also used thermostats in controlling water heating production 

and indoor thermal comfort appliances according to the set lower and/or higher 

temperatures required. It was found that motion sensors are being used for indoor 

lighting only, while thermostats are common in water heating and indoor thermal 

comfort.  

The study also revealed that six of the eight guest houses use thermostats. 

Although thermostats are widely used in water heating and indoor thermal comfort, 

it cannot be directly linked to efforts of guest houses to save energy, since 

thermostats were supplied by the suppliers during procurements. For instance, 

geysers and air conditioners are generally procured with thermostats. However, 

when geysers are installed, the installers and guest house operators may decide 

not to install a thermostat. Finally, four instruments and techniques are being used 

to save energy through water heating, namely timers, thermostats, flow-regulators 

and automation. The instruments are often automated to activate and deactivate 

energy consumption based on either time, light intensity, movement and/or 

temperature parameters confirming what Elies (2012) proposes (see section 

3.3.3.1). 

6.3.3.2 Retrofitting 

Sometimes guest houses substitute appliances perceived to use high amounts of 

energy with appliances that are known to use less energy. This is known as 

retrofitting (see section 3.3.3.2). Although some methods classified under 

instrumentation and energy mix also form part of retrofit, these methods were 

excluded in this section in order to avoid repetition. Figure 6.9 gives a detail 

breakdown of different retrofitting observed in the guest houses.  
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Figure 6.9: Number of guest houses and different types of retrofits done 

The installation of solar panels, storage batteries and related infrastructure to 

provide electricity for lighting is viewed as a major high cost retrofitting exercise 

undertaken by one of the guest houses in the study. This is in line with many 

observations made in the literature by Zeng et al, (2010). The most common types 

of retrofitting in guest houses involved the replacement of high energy-consuming 

light bulbs with low energy consuming bulbs. However, more guest houses were 

still found to be using compact fluorescent and halogen lights which were not the 

most energy saving type of lights as compared to, LED (figure 6.10).  

As discussed in detail in chapter 3, LED lights were the most popular energy-

saving light bulbs in the market at the time of this study (figure 6.10). 
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Figure 6.10: Light emitting diode lights 

Although compact fluorescent light (CFL) is known to use less energy than 

halogens and incandescent bulbs (see table 3.4), CFLs are not the most energy 

saving lights. Three types of CFL are commonly used in the guest houses, namely 

normal CFL, square-shaped CFL, commonly used in kitchens and toilets, and 

fluorescent tube lights. The normal CFL generally ranges from 11 W, the square-

shaped CFL starts at 14 W and the smallest fluorescent tubes start at 18 W in 

terms of energy consumption for each light bulb per hour of operation.  

These types of light bulbs are not classified as energy saving in the current study 

despite their common use in the guest houses (see figure 6.11). However, CFLs 

are generally referred to as energy-saving bulbs, as one bulb consumes an 

average of 14W per hour as opposed to the 2.5 W for an average LED bulb that 

releases an equal amount of light (see table 3.4).  



 

123 

 

  

Figure 6.11: Compact fluorescent lights 

Incandescent light bulbs are being used in one of the guest houses in the study 

(see figure 6.12). An incandescent light bulb consumes at least 60 W within an 

hour of its operation, while it produces equivalent lighting with 2.5 W LED or 11 W 

CFL light bulb.  
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Figure 6.12: Incandescent light 

Sportlights are often used in guest houses as decorations (figure 6.13). These 

light bulbs each consume 40W of energy, only 20W less than the smallest size 

incandescent light bulb. Sport light bulbs are not regarded as energy-saving lights. 

 

Figure 6.13: Indoor sport lights 

Another type of light commonly used in guest houses that are not regarded as 

energy-saving lights are halogens light bulbs.  
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A small halogen light bulb consumes 50W of energy and releases less light, but 

more heat than all the light bulbs identified in the guest houses (figure 6.14). 

 

 

Figure 6.14: Halogen ceiling light  

In addition to retrofits in indoor lighting, guest houses use solar geysers as 

common retrofits for water heating (figure 6.15). Some of the retrofits are 

complemented by insulation of inlet and outlet water pipes to reduce heat gain and 

heat loss during water transmission. 
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Figure 6.15: Solar geysers with insulated pipes 

Heat pumps are used in one guest house. Technology to use a wood cooking 

stove to produce hot water concurrently during cooking is being explored in the 

non-grid connected guest house (figure 6.16). 
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Figure 6.16: Integrated wood pre-water heating system and cooking stove 

In the above system, inlet water is being channelled through copper pipes 

wrapped around a stainless steel chimney, close to the burning wood stove. As 

cooking takes place, the hot chimney transfers heat to the surrounding copper 

pipes and hot water moves up into the stainless steel hot water tank or geyser. 

This demonstrates the level of consciousness of the operator of this guest house 

about energy saving and a desire to find a way of using energy at a low cost. 

There is no evidence of indoor thermal control, although one of the guest houses 

indicated that it uses low energy-consuming air conditioners (figure 6.17). 
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Figure 6.17: Air conditioner (2kW) 

The electrical demand for the air conditioner in figure 6.17 use is 2kW. These air 

conditioners use the same amount of energy as oil heaters found in some guest 

houses, strengthening the evidence that oil heaters are not an option for guest 

houses interested in saving energy. 

6.4 QUANTITY OF ENERGY USED IN THE GUEST HOUSES 

On average, the electrical demand for the selected guest houses is 1.3kW for 

indoor lighting, 14.1kW for water heating, and 16.9kW for indoor thermal control 

(figure 6.18). The electrical demand levels of the selected guest houses were 

found to be less than the average electrical demand of 19.7kW for indoor lighting, 

20.2kW for water heating and 48.5kW for indoor thermal control from a previous 

study by Trung and Kumar (2005) see figure 2.3.  
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Figure 6.18: Amount of energy used in each occupied room per day 

On average, the selected guest houses use a combined variable energy 

amounting to 63.2 kWh per occupied room, as compared to 88.4kWh per occupied 

room among non-energy saving hotels (figure 6.19). However, the average energy 

consumption in the selected guest houses were higher, when compared to the 

average 27.1 kWh per occupied room among energy saving hotels such as the 

City Lodge Hotels Limited (see figure 3.1). 
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Figure 6.19: Amount of energy used per day 

The results show that indoor thermal comfort is the biggest consumer of energy, 

followed by water heating and indoor lighting. These findings confirm previous 

research findings of Baker (2008). In this study these outcomes serve as an 

indicator of the priority areas where guest houses are to focus their energy-saving 

efforts (table 6.1).  
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Table 6.1: Percentage distribution of energy use across services in kWh 

 Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 

Lighting 0.3 0.2 0.6 3.1 1 1.3 1 2.9 

Water heating 9 25.8 3 18 9 18 18 12 

Indoor thermal 

comfort 

24 0 22 6.7 13.6 6.4 62 1 

Total energy 

used (in kWh) 

33.3 26 25.6 28.5 23.6 25.7 81 15.9 

The results reveal that there was no alternative energy sources used for indoor 

thermal comfort in these guest houses. However, some guest houses have 

changed their indoor thermal control systems from oil heaters (1500-2000 kWh) to 

panel heaters (400kWh), electric blankets (150W) and implemented behaviour 

change practices in these guest houses. Engineering methods appear to be in 

demand to design and manufacture low energy-consuming and/or solar air 

conditioners or related appliances for indoor thermal control. While indoor lighting 

showed a high level of energy saving in all selected guest houses, the levels of 

service compliance thereof remain a key factor for further investigation. This also 

included water heating and indoor thermal comfort. The next chapter presents the 

findings on services compliance levels compared to levels of energy saving. 

6.5 ENERGY SAVED IN GUEST HOUSES 

Since there were no reliable records (baseline) of energy consumption prior to the 

implementation of the existing energy-saving methods in the guest houses, table 

6.2 shows a simulated scenario of a non-energy saving guest house.  
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The baseline energy consumption was simulation based on average energy 

consumption results of the sampled guest houses, determined according to the 

second method of determining energy consumption discussed in the literature 

(section 2.6.2). Three standards services were used as discussed in section 2.5. 

This scenario followed Elies (2012) and the Efficiency Evaluation Organization 

(2010) methods of estimating energy consumption.   

The average amount of appliances used for indoor lighting, hot water production 

and indoor thermal comfort found and/or required for the guest houses to comply 

with minimum services levels, as discussed in the literature (section 2.6.2) were 

used to simulate the historic energy consumption levels of these guest houses, 

using a worst case scenario (Table 6.2). In this scenario, the average unit price of 

energy is R 1.57 per kWh. The unit price is based on empirical results from the 

selected guest houses and the carbon factor of 0.84 kgCO2e as recommended by 

Shimo-Barry (2010) were used (see section 3.4.2).  

The average number of lights per room from the results of the study was used for 

this simulation. Common types of appliances such as 100W incandescent light 

bulbs, 150L electric resistance geysers (at 120L of hot water a day per room) and 

a 2kW oil heater or air conditioner were used to calculate energy use, as 

recommended in section 3.5 of the literature. The results confirmed that lighting, 

water heating and indoor thermal comfort are the three primary and compulsory 

services (i.e., standard services) that should be offered in each guest house, as 

previously discussed in the literature (see section 2.5).  
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Table 6.2: Estimated average energy use per occupied room (kWh) 

Services Average number of appliances Daily energy use  

Indoor lighting 5 Incandescent light bulbs (100 W) each for a 10 hour 

booking cycle 

5 kWh (12.7%) 

Water heating 150 ℓ electric geyser with 3 kW element operating for 6 

hours a day; 60 ℓ of hot water per guest a day (2 guests 

per room)  

14.4 kWh (36,5%) 

Indoor thermal 

comfort 

2 kW oil heater or air conditioner for 10 hours per 

booking cycle 

20 kWh (50.8%) 

Total energy 

use per room 

In energy quantity  39.4 kWh 

In monetary terms: South African Rand Value R61.8 

In carbon equivalence (CO2e) 33 kg 

On average, the current guest house(s) used 12.7% energy for indoor lighting, 

14.45 for water heating and 50.8% for indoor thermal comfort, as compared to 

20% for lighting, 20% for water heating and 48% for indoor thermal comfort, as 

found by Trung & Kumar, (2005). After converting all five energy sources used by 

the eight selected guest houses, the study had adopted one unit of measure and 

carbon factor to determine a standard threshold for those guest houses. 

Subsequently, the outcomes confirm that 39.4 kWh of energy at 33 kg of carbon 

emission and R 61.8 are the average threshold consumption levels.  

Any guest house that uses energy exceeding these levels for indoor lighting, water 

heating and indoor thermal comfort per room with a maximum of two guests would 

be classified as non-energy saving and below the threshold as an energy-saving 

guest house. 
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The energy used in the guest houses per room is based on an average of two 

guests (occupants) per room (figures 6.20). In these figures, only the energy 

quantity is being used to demonstrate performance, since the carbon equivalence 

and cost would follow a similar pattern of the energy quantity performance. 
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Figure 6.20: Amount of energy used per occupied room 

These guest houses consumed 33.7 kWh of energy per occupied room as 

compared to 79 kWh in the hotels in figure 2.5, regardless on the number of 

services offered in both cases. Energy consumption levels for indoor lighting in 

guest houses are also assessed against the average indoor lighting energy-use 

threshold of 5 kWh (see figure 6.21). The results show that there is a significant 

decrease (saving) of energy in indoor lighting by the guest houses.  
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Figure 6.21: Amount of energy used for indoor lighting per occupied room 

The study assesses the amount of energy used for water heating by eight guest 

houses in the Mpumalanga province. Figure 6.22 shows that half of the selected 

guest houses did save energy on their hot water production services and the 

remaining half were using more than the average amount (14.4 kWh) of energy.  
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Figure 6.22: Amount of energy used for water heating per occupied room 

For indoor thermal control, cases 1, 3 and 7 use more than the threshold amount 

of energy for indoor thermal comfort (20 kWh) per booked room (figure 6.23). 

Case 3, which used oil heaters for indoor warming purposes. The energy 

consumption of case 3 used for indoor thermal comfort was found to be lower than 

the other two guest houses that use air conditioners (cases 2 & 7). This highlights 

the difference in energy consumption by air conditioners and oil heaters 

respectively. 
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Figure 6.23: Amount of energy used for indoor thermal comfort 

Finally, the results show that the average amount of energy used for indoor 

lighting in the selected guest houses is 4.4% lower than the 12.7% threshold, 

while water heating used 43.4% more than the 36.5% threshold, and indoor 

thermal comfort used 52.2% more than the 50.8% threshold. Therefore, it could be 

deduced that indoor lighting cross-subsidised water heating and indoor thermal 

comfort with its saved energy. 
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6.6 SUMMARY 

The study found that grid, petroleum, solar, gas and wood are the energy sources 

used in the eight selected guest houses. However, grid and solar are the primary 

energy sources for indoor lighting, water heating and indoor thermal comfort. 

Petroleum is being used as a supplementary and/or back-up source. Gas is a 

primary energy source for water heating in one guest house and wood is a 

supplementary source of energy for the pre-heating of water. While indoor lighting 

and water heating use different energy sources, indoor thermal comfort only uses 

grid only. The study found that variable energy is being saved for the standard 

services through behaviour change, energy diversity and engineering methods. 

However, indoor lighting saves more energy, which subsidises water heating and 

indoor thermal comfort. Finally, the study found that there is a need for 

engineering methods to design low-consuming air conditioners and/or solar air 

conditioners. 
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CHAPTER 7: SERVICES LEVELS IN THE GUEST HOUSES 

7.1 INTRODUCTION 

This chapter presents empirical results on performance levels of eight selected 

guest houses on their standard services, namely: indoor lighting, water heating 

and indoor thermal comfort.  This adds to the previous chapter (chapter 6), which 

discussed the findings on energy saving. Combined, the two chapters provide 

comprehensive results about energy efficiency profiles of the guest houses 

studied. Therefore, the following issues are discussed in detail within this chapter: 

 Indoor lighting levels of the guest houses 

 Bath water temperatures of the guest houses 

 Daily hot water quantity produced per guest 

 Indoor thermal temperatures, and 

 Relationships between indoor thermal temperature to bath water temperature 

and indoor lighting 

7.2 LEVELS OF INDOOR LIGHTING 

Indoor lighting standards of the selected guest houses were investigated for 

compliance evaluation against 100 lux threshold, according to the Republic of 

South Africa (1987) and South African Bureau of Standards (2005), in section 

3.5.1. The average lighting range was 42 lux, while the average, the illumination 

levels were 19.5 lux. Half of the sampled guest houses had indoor illumination 

levels above 20.5 lux, while the other half were below 20.5 lux.  
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Individual illumination performance levels (scores) of guest houses case are 

presented in figure 7.1, below. 
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Figure 7.1: Average indoor lighting levels of guest houses 

The results of the study show that lighting levels in all selected cases did not meet 

the minimum industry standard of 100 lux in guest rooms and bathrooms, as 

legislative required in South Africa (section 3.5.1). None of these cases was able 

to provide at least 50 % of the required amount of lighting in their guest rooms. If 

the current situations of insufficient lighting levels continue, guests who 

continuously get exposed to low lighting levels in these guest houses may suffer 

visual and non-visual consequences which could be acute or chronic, as 

discussed in details in the literature (see section 3.5.1).  
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The study also investigated if guest house operators were aware about the 

existence of and/or had knowledge about the minimum industry standards for 

indoor lighting (section 3.5.1). The results indicated that guest houses operators 

were not aware about the existence of industry standards for indoor lighting. Thus, 

none of the guest houses was monitoring their indoor lighting levels. In addition, 

the study also found that the selected guest houses did not have in-house policies 

that regulated indoor lighting in guest rooms, as recommended by Onut and Soner 

(2006) and Karagiorgas et al (2007) see section 3.3.1.  

Although indoor lighting services were saving more energy than the other two 

standard services (see figure 6.21), the study could not associate inadequate 

indoor lighting levels to existing energy saving initiatives implemented in these 

guest houses. The above, was partly because in some guest houses (case 8) in 

particular, their indoor lighting did not use energy saving bulbs, but could still not 

meet the minimum standards. However, possibility of energy saving measures 

resulting in low indoor lighting levels could also not be ruled out. 

7.3 LEVELS OF WATER HEATING 

7.3.1 Water temperature 

Comparatively, the inlet water temperature in the selected cases had a 3 oC range 

with minimum temperatures starting from 18 oC to 21 oC, in line with the climatic 

profile of the Mpumalanga province (see section 4.4). However, the range of the 

outlet water temperature was 43 oC, with minimum of 48 oC and maximum of 91 

oC. On average the results show that inlet and outlet water temperature were 19.8 

oC and 62.8 oC, respectively.  
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Furthermore, the results show median water temperature of 20 oC and 62 oC for 

inlet and outlet water respectively. The modal hot water temperatures in these 

guest houses were 21 oC for inlet water and 62 oC for outlet water (figure 7.2).  

The results confirm that outlet hot water temperatures of all selected guest houses 

exceeded the minimum industry standards of 42 oC, as discussed in section 3.5.2. 

The difference between the average inlet and outlet water temperature represent 

the amount of energy used in the guest house, as discussed in the literature (see 

section 3.5.2). However, in relation to outlet water standards based on 

temperature only, it could be concluded that outlet water temperature above 42 
o
C 

represent potentially wasted energy, unless such increase in outlet water 

temperature supplements low hot water quantity in a guest house. 
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Figure 7.2: Average inlet and outlet water temperatures in bath rooms 
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In assessing water heating service performance, an observation was made about 

the relationship between ambient temperatures (minimum and maximum) and the 

water temperatures (inlet-cold and outlet-hot). The study results confirm that 

ambient temperature has an influence on inlet water temperature as discussed in 

section 4.4. Thus guest houses located in areas (climatic zones) with high ambient 

temperatures have generally had warm inlet water temperatures than the ones 

from low climatic zones (figure 7.3). However, the contrary was observed in case 

6, which had high inlet water temperature, while located in low climatic zone.  

In the case above, the rise in inlet water temperature could be as a result of 

passive energy saving methods in place or heat exchange which could be as a 

result of direct contact or close proximity of hot water and cold water pipes.  
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Figure 7.3: Comparison of inlet water temperatures in bath rooms 
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There is a visible relationship between the minimum and maximum ambient 

temperatures and outlet hot temperatures amongst all selected guest houses. A 

guest house with high outlet hot temperature appeared to have high minimum and 

maximum ambient temperatures. Although there were no significant differences 

between inlet water temperatures of the eight guest houses, a minor difference 

that can be attributed to the ambient temperatures was visible.  

Thus, heat exchange between ambient temperatures and inlet water as well as 

the heat retention capacity of hot water storage can be associated to the above 

observation. These conditions further demonstrate the likely possibility of pre-

heating of water through natural ambient heating prior to artificial heating. There is 

also a visible difference in minimum and maximum temperatures in the three 

climatic zones of the location of these guest houses. This could be evident to 

energy demand and the impact of ambient weather patens and services levels in 

guest houses located in different climatic zones. 

7.3.2 Daily hot water quantity per guest 

The study also investigated compliance of these guest houses with minimum 

quantity of 60L of hot water produced per guest, over a booking cycle or day, as 

discussed in the literature (see section 3.5.2). However, the results revealed that 

the selected guest houses produced a minimum of 5L and maximum 57L of hot 

water per guest each day, with a difference of 52L of hot water between the 

highest and lowest volume of hot water produced amongst the selected guest 

houses. Half of the selected guest houses produced more than 40.5L of hot water 

a day. However, on average these guest houses produced 38L.  
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Thus the guest houses were found to be producing less hot water quantity for their 

guests per day. 
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Figure 7.4: Daily hot water quantity produced per guest 

Once more, the knowledge of guest house operators about industrial services 

standards for hot water production was also investigated in the study, as 

recommended by Onut and Soner (2006) and Karagiorgas et al (2007), in the 

literature and the results showed that guest house operators were not aware 

about the existence of such standards (see section 3.3.1).  In addition, the study 

also investigated the existence of in-house services standards for hot water. 

Again, the findings proved that guest houses did not have in-house policies set to 

regulate hot water services. Lastly, the guest houses were assessed to establish 

the existence and extent of services monitoring.  
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Although most guest houses were found not regularly monitoring hot water 

availability and temperature, some level of formal and informal monitoring was 

reported (Figure 7.5). 
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Figure 7.5: Number of guest houses monitoring hot water services 

In service monitoring for hot water production and temperature, it was observed 

that some energy saving instruments were also useful for monitoring hot water 

temperature. For an example, the geyser wise instrument (figure 7.6), was used 

as a timer to set and regulate the times in a day when the geysers should be 

operational. The same geyser wise had a displace screen showing the hot water 

temperature in the geysers.  
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 Figure 7.6: Timer for hot water temperature monitoring and control 

7.4 LEVELS OF INDOOR THERMAL COMFORT 

Indoor thermal comfort was the last of the three standard services of guest houses 

investigated in this research. Three key aspects of indoor thermal comfort were 

investigated, namely: thermal comfort for guests, impact of indoor thermal 

temperature on indoor lighting and the impact of thermal temperature on bath 

water temperature demand. 

7.4.1 Thermal comfort for guests 

Indoor thermal comfort performance levels in the selected guest houses were 

assessed against the minimum comfortable temperature of 20 oC and 24 oC, 

lowest and highest in South Africa, as required by South African Bureau of 

Standards, (2011). Thus, the results show that on average indoor thermal 

temperature of the all selected guest houses collectively was 20.1 oC.  

 



 

148 

 

The lowest and highest temperature readings recorded in the guest rooms were 

18 oC and 23 oC, respectively.  Indoor thermal temperatures of the guest houses 

showed a multimodal trend of 19 oC, 20 oC and 21 oC. A threshold for minimum 

and maximum thermal comfort lines are also indicated to give a visual view of 

indoor thermal compliance of the selected guest houses (Figure 7.7).  
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Figure 7.7: Indoor thermal temperature readings 

 Five of the eight sampled guest houses complied with minimum and maximum 

indoor thermal comfort levels. However, in three guest houses, indoor 

temperatures were found to be below minimum requirements, as discussed in 

section 3.5.3. Based on previous findings, Zingano (2001) discovered that if 

guests are exposed to low and uncomfortable thermal environments, they could 

be at risk of temporary impairments (section 3.5.3).  
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Furthermore, the relationship between ambient and indoor temperatures was 

assessed, as discussed in section 4.4. Firstly, the results of average annual 

temperatures of all the locations of the selected guest houses correspond with and 

confirm the climatic zones, as formalised by the South African Bureau of 

Standards (2005). Secondly, a common or consistent trend was observed among 

the ambient temperatures (minimum and maximum) and the general indoor 

thermal temperatures. Guest houses that are located in high climatic zones had 

both high indoor temperatures and ambient temperatures. Similarly, the guest 

houses in low climatic zones also had low indoor thermal and ambient 

temperatures. 

This consistent trend, demonstrates a need for maintaining comfortable indoor 

temperatures among guest houses and cooling would generally vary according to 

their climatic zones. Thus, heating amongst the five guest houses that were 

located in climatic zone 1 could not be avoided, since three of these five guest 

houses located in low climatic zones had their indoor temperature readings below 

the minimum threshold. However, the remaining two were exactly on the minimum 

indoor thermal comfort line. Guest houses located in climatic zones 3 were likely 

to remain within the minimum and maximum indoor thermal comfort line although 

these guest houses have the potential to exceed maximum thermal comfort line, 

as it could be seen from case 3 (figure 7.8).  

In climatic zone 3 guest houses, cooling would be more needed than heating, as 

opposed to those in climatic zone 1. One of the guest house located in climatic 

zone 2 showed an average indoor temperature with generally good possibility of 

remaining within both thresholds across the four seasons of the year. 
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Figure 7.8: Indoor thermal temperature readings 

The results show an association between average indoor thermal temperatures in 

guest houses and the climatic profile of the area. Hence, in figure 7.8 above, it is 

evident that guest houses located in hot interior climate had the highest indoor 

thermal temperature than those in cold interior and temperate interior. The 

difference between the services standard and performance levels represents 

energy demand for the selected guest houses, as discussed earlier in chapter 6. 

7.4.2 Impact of indoor thermal temperature on indoor lighting  

According to literature, indoor thermal temperature has an influence on the 

efficacy of indoor lighting (see section 3.5.2). Thus in figure 7.9, the study 

compares lighting performance of the guest houses and their indoor thermal 

temperatures.  
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The relationship between indoor temperature and indoor lighting performance 

among the current guest houses was not established. However, it was observed 

that indoor temperature levels of all guest houses ranged between 18 oC and 23 

oC.  
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Figure 7.9: Impact of indoor temperature on indoor lighting 

There was no association between indoor thermal temperature and lighting levels 

(Figure 7.9). In addition, the difference between standard or optimal indoor 

temperature (20 oC) and actual indoor temperature was marginal. Thus the 

influence of the indoor temperature on lighting was not established in this study. 
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7.4.3 Impact of thermal temperature on bath water temperature. 

Kawahara et al (2005) concluded that bathroom water temperature should be     

42 oC in an indoor thermal temperature of 14 oC or at 39 oC and 25 oC, hot water 

and indoor temperature, respectively (see section 3.5.2).  

Based on the literature review (see section 3.5.2), it became important for this 

study to also examine the relationship between indoor thermal temperatures and 

hot water temperatures in the selected guest houses (figure 7.10). Based on the 

two bath water and indoor temperature combinations by Kawahara et al (2005), 

this research found an inconsistent temperature differences between high bath 

water and indoor temperatures of 14 oC and 39 oC as well as their low comfort 

levels of 39 oC and 25oC, respectively.  
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Figure 7.10: Relationship between bath water and indoor temperature 
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In figure 7.10, it is observed that the difference between bath and ambient 

temperature in high temperature levels were 28 oC and 14 oC on low bath water 

temperature.  

Again, there is a difference of 11oC and 3 oC, between indoor temperatures and 

bath water temperatures, respectively. Given these inconsistencies, the study 

could not propose adjustments in the required bath water temperature to suite 

indoor thermal temperature. However, it was important to note that with the current 

indoor temperature profile, guest houses could possible lower their bath (hot) 

water temperatures to a suitable level without compromising services standards. 

7.5 SUMMARY 

All the selected guest houses did not comply with minimum indoor lighting industry 

standards. Although such non-compliance could not be directly attributed to 

energy saving activities undertaken by these guest houses, non-functional lights 

and other factors are some of the causes to which none compliance of indoor 

lighting could be attributed to.  

Industry standards for outlet hot water temperatures in all selected guest houses 

were found to exceed the minimum standard required. This was also seen as an 

added advantage to the low hot water volume produced by teach guest house per 

guest. Although half of the guest houses had experienced hot water shortage 

complaints from guests, the hot water quality and quantity was relatively achieved.  
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There is significant improvement in the use of alternative energy sources for hot 

water production, despite electricity remaining dominant. Insulation of both inlet 

and outlet water pipes and the role of natural pre-water heating were evident 

during comparisons of inlet, outlet water temperatures with the ambient 

temperatures of the area where a particular guest house was located. Most of the 

selected guest houses complied with the minimum and maximum indoor thermal 

comfort standards. However, results show that a need for heating, cooling and/or 

ventilation is unavoidable amongst all climatic zones, despite their varying 

degrees. Guest houses were not aware of the existence of industry standards for 

lighting, water heating and indoor thermal temperature. Hence most guest houses 

did not have their own standards set and did not monitor their service compliance.  

Some guest houses had systems that were used to save energy and set or 

regulate services standards. However, the guest houses were not aware that such 

systems can be used for services monitoring. 

Finally, the study unearthed the need for activity based accreditation as energy 

saving or efficient service. For the in-depth assessment, it is clear that indoor 

lighting services did not meet the industry standards, but hot water and indoor 

thermal complied with the standards. Thus, it was concluded that indoor lighting in 

these guest houses was energy saving, while water heating and indoor thermal 

comfort were energy efficient. In classifying the guest houses themselves, criteria 

could be partial and/or total efficient based on a ratio of the number of efficient 

services or activities in a guest house.  
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CHAPTER 8: SUMMARY, CONCLUSION AND 

RECOMMENDATIONS 

8.1 INTRODUCTION 

The key findings of this study are summarised in this chapter. These research 

findings relate to the research questions described in chapter 1. The applicability 

and relevance of the adopted energy-efficiency framework in this study are 

discussed with reference to the research questions and findings. The energy-

efficiency framework is discussed in relation to other existing frameworks. A 

discussion follows on the contribution of this study to energy efficiency, specifically 

with regard to how the energy-efficiency framework will be implemented to 

advance the environmental performance of guest houses. Finally, this chapter 

concludes with recommendations for improvements in energy efficiency for guest 

houses and suggestions for future research.   

8.2 SUMMARY OF FINDINGS 

8.2.1 Energy saving  

The findings of the study confirm that guest houses still rely on grid energy for 

their operations, as discussed in section 2.4.2. Of the three selected services in 

the study, water heating has the most diverse energy sources such as grid, solar, 

gas and wood. Three energy sources are used for indoor lighting, namely grid, 

petroleum and solar. However, it was found that indoor thermal comfort only relies 

on grid energy. Grid is therefore still a dominant source of energy in guest houses.  
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It was also observed that there is a commitment to diversify energy sources for 

water heating and indoor lighting in guest houses.   

The criteria used by guest houses to select alternative energy sources are 

questionable, as could be observed in one guest house that uses solar for indoor 

lighting and gas for water heating. In this case, gas does not contribute to energy 

saving. In fact, the guest house shows an increase in energy consumption in 

respect of quantity, cost and carbon emission per occupied room when compared 

with the use of grid energy. Thus, guest house operators must have knowledge of 

the three energy-saving indicators in guest houses to enable them to make 

informed choices about energy-saving methods. For this reason, one can deduce 

that the guest house in question would not have deliberately and knowingly 

selected a high-cost energy source such as gas. 

Furthermore, the study found that half of the guest houses use solar energy for 

water heating. Although none of these guest houses completely relies on solar 

energy for all their water heating needs, grid is used as a back-up or 

supplementary energy source. The energy quantity, costs and carbon footprint of 

these guest houses were significantly reduced. One of the guest houses uses 

solar energy for indoor lighting. As a result, this guest house has no operational 

costs and carbon emissions associated with indoor lighting, except for petroleum 

which is used as a back-up (see section 6.7). These findings are significant, as 

they confirm that solar energy is an alternative energy source and energy-saving 

method. Thus, the energy-efficiency framework enabled the current study to 

identify which alternative energy sources selected by different guest houses serve 

as energy-saving methods.  
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Three compulsory energy-saving indicators for characterising energy saving are 

formulated in this framework. 

In addition to the diversification of energy sources, written and/or verbal methods 

are being used to influence the behaviour of staff and guests on saving energy. 

Although none of the selected guest houses have a written policy on energy-

efficiency, some guest houses have written notices for guests and staff to help 

save energy. Although the effect of behaviour change on energy saving could not 

be quantified, guest house operators confirmed that the method is effective in 

energy saving.  

Finally, motion sensors, timers, flow regulators, thermostats and other related 

automation devices were found to be commonly used in the guest houses. 

Combined with retrofitting of geysers, solar panels and other equipment, 

engineering methods of energy saving have proven effective and are common 

practice in guest houses.  

The findings of this study therefore confirm that behaviour change, energy 

diversity and engineering (instrumentation and retrofitting) are energy-saving 

methods, as these methods have been used to reduce the quantity, cost and 

carbon footprint of energy in the selected guest houses. In addition, the outcomes 

of the study reveal that different energy-saving methods may save energy in at 

least one of energy quantity, cost or carbon footprint. Thus, guest houses need to 

define a priority parameter intended for saving energy. However, a balanced 

reduction is always desirable as discussed in section 3.2.   
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8.2.2 Services standards 

The three standard services, namely indoor lighting, water heating and indoor 

thermal comfort were assessed for minimum compliance against industry 

standards, as discussed in detail in section 3.3.  

It was found that indoor lighting levels of all the guest houses were below the 

minimum industry standard of 100 lux. Despite the amount of energy saved in 

indoor lighting, the indoor lighting services of the guest houses are not regarded 

as energy efficient because they do not comply with minimum industry standards. 

Therefore these guest houses cannot generally be characterised as being energy 

efficient. However, individual services in guest houses can be characterised as 

energy efficient on condition that they meet the criterion of characterisation. When 

an assessment was made of the compliance of water heating and indoor thermal 

comfort in guest houses, it was found that most of the guest houses comply with 

minimum industry standards.  

8.2.3 Energy-efficiency framework 

The proposed energy-efficiency framework in this study succeeded in 

characterising measures that contribute to energy saving in the operations of the 

selected guest houses. The quantities, cost and carbon footprint associated with 

energy used for indoor lighting, water heating and indoor thermal comfort were 

quantified through the proposed energy-efficiency framework using the two broad 

indicators of energy saving.  
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In addition, the three standard services were assessed against industry standards 

as well as their performance rating levels, namely non-compliant, compliant and 

exceeding minimum standards. As discussed in section 3.4, water heating and 

indoor thermal comfort services of some guest houses were found to be energy 

efficient in terms of the proposed energy-efficiency framework. Thus, this energy-

efficiency framework as compared to other frameworks defines services standards 

based on minimum set statutory or industry standards, and not the baseline 

service levels rendered in a guest house prior to energy saving. Thus, the energy-

efficiency framework promotes compliance of the services of guest houses with 

set standards. However, in general none of the selected guest houses were found 

to be energy efficient, as indoor lighting services failed to meet minimum 

standards.  

In the light of these collective findings, the energy-efficiency framework is 

regarded as effective for the characterisation of energy-efficient guest houses. 

Thus this energy efficiency framework builds on and advances the input-output 

ratio framework (see section 3.4).   

8.3 CONTRIBUTION OF THE STUDY  

8.3.1 To knowledge on energy efficiency  

The study builds on and advances the definition of energy efficiency as input 

energy reduction with output services complying with minimum standards. Two 

key parameters of energy efficiency, namely energy saving and services 

standards are identified and further redefined.  
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Energy saving is defined as a reduction in energy quantity, energy cost and 

carbon footprint. Thus, a guest house should be characterised as energy saving 

on condition that it meets these criteria. Similarly, any activity or measures that 

results in the reduction in either energy quantity, energy cost and/or carbon 

footprint is characterised as an energy-saving method. 

Services levels are therefore defined as compliance with minimum standards for 

quantity and/or quality: as opposed to keeping the status quo of services level 

prior to the implementation of energy saving as defined by Onut and Soner (2006) 

and Jindou (2012). Thus, an improvement in services means exceeding the 

minimum standards. The framework differentiates between energy saving and 

energy efficiency. Energy efficiency is achieved when energy saving is achieved 

and services levels comply with minimum standards, while energy saving is 

achieved only when the quantity, cost and carbon footprint of a guest house have 

been reduced. Thus, energy saving is a component of energy efficiency in addition 

to services levels.  

In redefining energy efficiency, the study made the deliverables or indicators for 

energy efficiency specific, measurable, achievable, realistic and tangible 

(SMART), as discussed in detail in section 3.4. Subsequently, the following five 

compulsory indicators of energy efficiency were established in the study: 

 quantity of energy reduced, 

 cost of energy reduced, 

 amount of energy-related carbon footprint reduced, and  

 compliance of services of guest houses with the minimum standards. 
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Furthermore, the study identified energy saving and services standards as the two 

main parameters that need to be audited or assessed in order for an institution to 

be characterised as being energy efficient. Thus, each of these two parameters 

has compulsory indicators that are used to determine whether the parameters 

have been achieved. For example, energy saving is achieved when a guest house 

has reduced the quantity, cost and carbon footprint associated with energy use, 

while services standards are achieved when a guest house is able to provide the 

quantity and quality of services according to minimum industry standards.  

Instead of using the input-output ratio, this study adopted the proposed energy-

efficiency framework to characterise energy-efficient guest houses. The study 

differentiates between the characterisation of energy efficiency and determining 

the levels of energy efficiency. The levels of energy efficiency are measured 

through input-output ratio methods where the numerator is divided by the 

denominator. In contrast, the characterisation of energy efficiency is based on the 

five indicators of the adopted energy-efficiency framework.  

8.3.2 To environmental management 

This study has demonstrated how environmental and carbon accounting 

management instruments can be integrated within energy saving, which is a 

component of energy efficiency. The framework demonstrates that energy saving 

is a direct environmental management tool that should be able to reduce the 

environmental footprint related to energy use.  
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However, the framework shows that energy efficiency is a sustainable 

development tool that aims to satisfy the social needs of current and future guests 

by achieving environmental and economic sustainability without compromising the 

quality and quantity of services. 

8.4 MAIN CONCLUSIONS  

The adapted energy efficiency framework of this study built on and advanced from 

the input-output ratio. The latter proved to be a good, comprehensive and simple 

energy efficiency framework for use in energy audit and demand side 

management. This framework will assist guest houses to assess and guide the 

selection of energy saving methods and their impact quality of services provided. 

Thus, this has improved on input-output ratio framework in order to incorporate 

financial and nonfinancial indicators of energy efficiency and indicators for 

services standards compliance. This framework refined and formalised three 

energy saving indicators (quantity, cost and carbon footprint) and two service 

levels indicators (quantity and quality) as variables that should be used to 

characterise services or institutions as being energy saving or energy efficient. 

Thus, using this framework, institutions will simultaneously make positive social, 

economic and environmental (sustainable) development contributions. 

Through this framework, the study distinguished energy saving from energy 

efficient guest houses, a significant differentiation which could not be done 

through input-output ratio.  
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8.5 RECOMMENDATIONS 

8.5.1 Energy efficiency in guest houses  

Based on the performance in energy efficiency of the guest houses investigated in 

this study, the following recommendations are made:  

 Each guest house should have an energy-efficiency policy with clear 

performance targets on energy saving and services levels.  

 Guest houses should be audited regularly for energy efficiency at least on a 

quarterly basis. 

 Advocacy programmes on energy efficiency should be implemented for both 

staff and guests through various methods such as training, notices and 

awareness.  

 Before any energy-saving method is introduced, a guest house should audit 

the effect of the proposed method on reduction of energy quantity, cost and 

carbon footprint. 

 Guest houses should consider automating most energy uses through 

smartcards, timers, motion sensors, thermostats, day-night switches and other 

suitable instruments. 

 Guest houses should consider developing a schedule for the gradual 

replacement of high energy-consuming appliances by low energy-consuming 

appliances. 



 

164 

 

8.5.2 Energy-efficiency framework  

With regard to the energy-efficiency framework and the outcomes of its 

implementation, the following recommendations are made: 

 The framework should be tested in different sectors and institutions to 

determine its broader applicability. 

 This framework should be adopted and implemented in hotels and other 

institutions. 

 This framework should be used to characterise institutions as energy saving 

and/or energy efficient. 

 The framework should also be used to evaluate the level or extent of energy-

efficiency. 

 Energy saving, energy efficiency and services levels should be defined in 

respect of this study’s framework. 

 The framework should be accepted as a tool for sustainable development, 

which supports the achievement of social, economic and environmental 

development goals. 

 Energy saving as defined in this framework should be accepted as a method 

for climate change mitigation and adaptation. 

 The framework should be regarded as a useful tool that can be used to 

improve the financial and non-financial performance of institutions. 
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8.6 FUTURE RESEARCH 

This study focused on developing a simple, consistent and credible energy-

efficiency framework to be used for the characterisation of energy-efficient and 

energy-saving institutions. Though this framework was tested in guest houses, it 

can be used in institutions other than hotels. However, there are other areas for 

further research that were not explored in this study. Avenues for further research 

include:  

 Testing the application of this energy efficiency framework in other sectors and 

establishing if the framework can be replicated to yield consistent results 

(including its use in evaluating passive energy saving methods). 

 Investigating compliance with minimum industry standards as a potential 

energy-saving method as defined in the current framework 

 Assessing the reliability and scientific justification of the existing minimum 

services standards for hotels and restaurants.  
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