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Abstract 

In line with the Paris Agreement, the global hotel sector must reduce its carbon emissions by 

66% by 2030 and 90% by 2050. Adopting renewable energy technology (RET) to produce 

electricity on site is one of the UN’s recommended tools for the hotel sector. Some hotels have 

explored certain sustainable practices such as light-emitting diode lights, T5 fluorescent tubes, 

motion sensors, the key-card system, and water-cooled chillers. However, several studies have 

reported low RET adoption in the hotel sector globally. There are limited studies exploring 

RET adoption in the hotel context. In response to a strong call to action to the hotel sector, this 

dissertation addresses this gap by identifying key dynamics that underpin RET adoption, how 

they influence RET adoption rate, and how these dynamics promote sustainability growth of 

RET adoption while balancing environmental, social and economic risks and benefits.  

The results of a systematic quantitative literature review indicate that RET adoption comprises 

interrelated sectors including technology and its economic viability, hotelier and tourist 

perceptions, the government and the environment. To incorporate complexity associated with 

interrelated dynamics, a systems thinking approach supported by a mixed method were used. 

The state of Queensland in Australia was selected as a case study to conceptualise the RET 

adoption dynamics. Queensland is an important tourism destination within Australia and 

internationally, and the number of hotels is growing. Despite Queensland having many 

incentive policies to promote RET uptake, adoption among the hotel sector is low. Thus, 

understanding the enablers to RET adoption in the context of Queensland could highlight its 

complexity and assist decisions to adopt RET in the service sector.  

Following interviews and structural analysis with stakeholders including hoteliers, the 

government, academics in tourism and engineering, and electrical providers, the complex 

dynamics associated with RET adoption in the hotel sector was visualised using a mind-

mapping technique (i.e., causal loop diagram). The diagram indicates that those who stimulated 

the transitions were the government through its incentive policies and tourists by selecting or 

revisiting hotels. These same actors, however, also (unintentionally) formed a barrier. The 

government barricaded RET adoption by retracting the incentives policies before a wider 

adoption could take place. The tourists obstructed wider RET adoption by preferring 
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renewable-sourced hotels and leaving hotels that are unable to uptake RET financially 

disadvantaged.  

To empirically test the conclusions drawn from causal loop modelling, a quantitative 

simulation (i.e., stock-and-flow model) was created. The results suggest that the absence of the 

government incentive policies caused a negligence impact on RET uptake in the hotel sector 

because the net present value of RET with 12% discount was already lower than those of the 

grid in the Queensland context. Instead, the results showed the technology price and 

performance were a better leverage to encourage adoption. This key finding indicates that, in 

the hotel sector context, where customer satisfaction is vital to business longevity, hotels may 

dismiss taking up RET despite its proven economic viability because it poses a risk of 

electricity disruptions and may compromise tourist experience. The quantitative model’s 

results contradict the causal loop findings, particularly the overconfidence in government 

policies, highlighting the usefulness of triangulating research qualitative and quantitative 

methods.  

Based on these findings, two recommendations were offered. First, the Queensland government 

is recommended to foster RET innovation and investment by rechannelling fund from 

programs that promote individuals (business included) RET adoption to programs that invest 

in RET innovation. Second, the hotel sector needs to take a leadership to adopt RET by creating 

a roadmap to innovation adoption.  

This dissertation contributes to the examination of opportunities to promote RET uptake in the 

hotel sector. It provides the basis with which to better understand the dynamics that could drive 

RET uptake, while identifying possible leverage points to more sustainable growth of RET 

uptake. In doing so, this research contributes to ongoing efforts to accelerate the transition 

towards a more sustainable, low-emissions hotel sector. 
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CHAPTER 1 

Introduction 

1.1 Introduction  

This thesis investigates the dynamics of renewable energy technology (RET) adoption in the  

hotel sector from multiple perspectives including technology, government incentives to 

promote RET, hoteliers and tourists. Overall, renewable energy sources offer a low level of 

GHG emissions and are abundantly available globally (IPCC, 2014). Adopting RET is 

addressed in the Intergovernmental Panel on Climate Change’s (IPCC) Fifth assessment report 

to mitigate climate change, because the world still relies heavily on coal to generate electricity 

(IEA, 2019b). Consumption of coal has a major impact on the global climate due to the release 

of greenhouse gas (GHG) emissions. As the world electricity demand is expected to rise by 

2.1% per year on average to 2040 (IEA, 2019b), RET becomes more crucial to combat climate 

change. Global production of renewable electricity has been increasing at a rate of 3.6% per 

annum since 1990 (IEA, 2016). However, the main global source for electricity remains non-

renewable (73.8%) while renewable electricity accounts for 26.2% (REN21, 2019). Exploring 

problems that hamper the diffusion of RET is crucial to accelerate adoption of RET. This 

research focuses particularly on RET adoption in the hotel sector because the sector is energy 

intensive. This thesis contributes to the school of thought calling for methodological pluralism 

for a systems modelling approach by applying structural-analysis MICMAC (Impact Matrix 

Cross-Reference Multiplication Applied to a Classification) and System Dynamic Modelling 

(SDM). In addition, the results of this investigation contribute to the integration of three 

innovation diffusion theories including Roger’s (2003) diffusion of innovation, Sahal's (1981) 

patterns of technology innovation and Brown’s innovation diffusion theory (1981). See section 

7.2 for research contributions.  

1.1.1 Research Aims and Questions 

The overall aim of this thesis is to analyse RET adoption strategies in the hotel sector and 

identify the best strategy that: (a) creates the least negative impact to the hotel stakeholders; 

and, (b) promotes sustainable growth of RET adoption.   

The research questions are:  
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(1) What are the factors influencing RET adoption decisions in hotels? (Chapter 2) 

(2) What are the implications of RET adoption decisions in hotels? (Chapter 4) 

(3) What are the key opportunities and barriers related to the adoption of RET in the hotel 

sector? (Chapter 5) 

(4) What RET adoption strategies help a hotel business to balance environmental, social and 

economic risks and benefits? (Chapter 6) 

1.1.2 Structure and Content of the Thesis 

The thesis was prepared in accordance with Griffith University guidelines (Appendix A) on 

PhDs as a series of published and unpublished papers. These guidelines allow for the inclusion 

of papers that are prepared for submission, submitted to, or accepted by peer reviewed journals. 

As a result of choosing this format, the individual chapters differed in some formatting details 

and citation styles. This thesis format results in some repetition among the research 

descriptions, results, and reference lists. There are also the literature reviews at the start of each 

results chapter in accordance with the requirements of the journals.  

This thesis consists of six chapters: a general introduction to the thesis (this chapter, Chapter 

1), a methodology chapter (Chapter 3), a conclusions chapter (Chapter 7) and four results 

chapters (Chapters 2, 4, 5, 6). The thesis has a methodology chapter (Chapter 3) that discuss 

the overall paradigm and approach. Each results chapter (publications) discusses the detailed 

method. The result chapters are in the form of manuscripts formatted to meet the requirements 

of the peer reviewed academic journals to which they have been submitted/published. Table 1 

provides an overview of the results chapters, the research questions they address, and analysis 

methods.  

 Chapter 2 explores the different aspects of RET and the hotel sector to answer 

Research Question 1: What are the factors influencing RET adoption decisions in hotels? It 

systematically reviews the literature on RET and the hotel sector in peered-review journals and 

identifies existing patterns and research gaps.  

 Chapter 3 describes the theoretical lens, the mixed-method approach and the overall 

research process.  

 Chapter 4 answers Research Question 2: What are the implications of RET adoption 

decisions in hotels? It uses the findings of fourteen interview and stakeholder engagement 



3 

 

workshops to demonstrate the complexity of RET adoption in the hotel sector using qualitative 

system modelling.  

 Chapter 5 answers Research Question 3: What are the key opportunities and barriers 

related to the adoption of RET in the hotel sector? It analyses the role of the main influencer 

such as the hotel owner/manager, RET-related policies, technology, tourists, and others. This 

chapter explores the interlinkages between them and identifies the main enablers and barriers 

of RET adoption in the hotel sector.  

 Chapter 6 answers Research Question 4: What RET deployment strategies help a hotel 

business to balance environmental, social, and economic risks and benefits? It uses quantitative 

systems dynamic modelling to illustrate the interrelationship between technology, policies, and 

hotelier and tourist perceptions, and to identify the leverage for RET adoption.  

 Chapter 7 synthesises the key research findings, describes the contributions of this 

research, and recommends areas for future research against this dissertation’s limitations. It is 

followed by the reference list and the appendices, including a full version of the stock and flow 

model including assumptions and sources. Research Problems 

To better understand the effects of RET adoption in the hotel context, this sections discusses  

the main concepts and gaps in the literature underpinning this thesis. 

1.1.3 RET and its complexity 

The first issue highlighted is the limited research using a holistic and long-term overview of 

RET adoption from the literature. Negro, Alkemade, and Hekkert (2012) state that RET 

adoption comprises a number of interacting components such as the government, technology 

producers and end users. The relationships among these components are inherently non-linear 

and, thus, making  the diffusion of RET is dynamically complex (Negro et al., 2012). However, 

research about RET adoption has been conceptualised from different perspectives. 

Taking a technology perspective, the improving RET performance and cost have attracted 

interest from the government and investors (REN21, 2019). In addition, the advancement of 

technology tailored for certain users’ needs, such as pico solar panels, can promote technology 

adoption (Heiskanen & Matschoss, 2017). Taking a government perspective, confusion and 

lack of knowledge about technology among policy makers were found to be related to negative 

impact decisions concerning adoption of RET among the public (Kelly-Richards, Silber-Coats, 

Crootof, Tecklin, & Bauer, 2017). Moreover, lack of political commitment was identified as a 
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barrier to RET adoption (Luthra, Kumar, Garg, & Haleem, 2015). Societal effort, such as 

perceiving the monetary value of the technology (H. X. Li, Edwards, Hosseini, & Costin, 2020) 

and being aware of the technology function (Tabi, Hille, & Wüstenhagen, 2014), could foster 

RET diffusion.  In addition, the decision to adopt RET could be accelerated by unavailability 

or uncertainty of grid expansion (Shim et al., 2012) and the volatility of fossil fuel prices 

(Magnani & Vaona, 2013).   

These different perspectives in research highlight that the holistic and long-term overview of 

RET adoption remains absent from the literature. This research aims to address this gap by 

investigating the interactions between RET technology, government policy, hoteliers and 

tourists and their results in RET adoption in the hotel sector.  

1.1.4 Hotel adoption of RET 

This thesis focuses on the hotel sector because the interrelationship between electricity and 

hotel services could further complicate the diffusion of RET in this sector. Hotel in this thesis 

refers to commercial tourist accommodation providers excluding private home rentals or other 

small-scale hosted accommodation. Hotels rank among the largest energy consumers in 

commercial buildings, on average, because of the 24-hour load pattern (Lu, Wei, Zhang, Kong, 

& Wu, 2013). Depending on location, climate, building design, age, size and type among 

others, the hotel sector can consume electricity as low as 69 kWh/m2/year (motel) up to 689 

kWh/m2/year (hotel) (Becken, Frampton, & Simmons, 2001; R.G. Zmeureanu, 1994). 

Reducing electricity consumption in the hotel sector is constrained by the level of guest comfort 

to retain customer base and return visits (Borkovic, Kulisic, & Zidar, 2008). An industrial 

example is the Observatory independent hotel, Queensland, Australia, which turned the pool 

temperature down by one degree Celsius in order to reduce emissions and save energy only to 

experience an increased amount of guest complaints (Sutcliffe, 2015, Augest 25). However, 

guest energy consumption behaviour can be reduced without compromising guest satisfaction 

if the hotel emphasises energy saving whilst also educating guests of the benefits (Warren, 

Becken, & Coghlan, 2016). In addition, hotels are often located in areas with limited electricity 

supply such as regional, remote, or environmentally sensitive areas such as World Heritage 

sites, national parks, and islands (Dascalaki & Balaras, 2004). These areas frequently have high 

energy costs and low security of energy supply (Dascalaki & Balaras, 2004). Some stand-alone 

hotels rely on diesel generators which further emit GHG through combustion. As number of 

hotel rooms are growing globally, it is inevitable that an electrical consumption in the hotel 
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sector will increase (Statistica, 2020). This presents an opportunity for promoting RET 

deployment in the hotel sector.  

This thesis recognises that RET deployment is one of several options to minimise the use of 

fossil energy in the hotel sector. Other options include, amongst others, conservation policies, 

guest management programs (Iwaro, 2010; Mahgoub & Abbara, 2012), efficient technologies 

and models (Makki, Stewart, Panuwatwanich, & Beal, 2013; Techato, Watts, & Chaiprapat, 

2009), efficient building design and material (Wallhagen, Glaumann, & Malmqvist, 2011; 

Zeiler, Maaijen, & Maassen, 2013), and changing energy consuming behaviour (Ayoub, 

Musharavati, Pokharel, & Gabbar, 2014). However, this thesis focuses on the application of 

RET for electricity supply in the hotel sector.  

The hotel sector should consider applying RET to maintain its competitive position. First, there 

is an increasing demand for green hotels from tourists or a hotel that is committed to 

environmental management (Yusof & Jamaludin, 2013). Eco destinations and green hotels are 

selected by customers who are environmentally conscious (Yusof & Jamaludin, 2013). Thus, 

in failing to adopt environmentally-friendly practices, a hotel may lose potential customers to 

other green hotels (Butler, 2008). Second, RET can reduce hotel energy costs (Perramon, 

Alonso-Almeida, Llach, & Bagur-Femenias, 2014), thus improving long-term profitability 

(Yusof & Jamaludin, 2013). For instance, an effort to become 100% powered by renewable 

energy by Lady Elliot Island Eco Resort, Australia has saved the resort around AU$200,000 in 

electricity bills annually (Summers, 2018). Lastly, adopting RET improves and adds value to 

hotel image (Jang, Kimb, & Bonn, 2011; Perramon et al., 2014; Yusof & Jamaludin, 2013). 

Complying with environmental regulations also helps hotels avoid being penalised or shut 

down (Yusof & Jamaludin, 2013).  

Whilst there are no data regarding hotel adoption of RET globally, earlier work by Karagiorgas 

et al. (2006) indicates that the hotel sector is quite low, with the exception of thermal solar. 

Several factors contribute to the low uptake, including: (1) shortage or lack of investment 

funds, financial factors, and uncertainty around payback time; (2) lack of experienced 

engineers who can support RET adaptation in the hotel building; (3) lack of information and 

follow-up; (4) low feasibility, viability, and quality of products; (5) difficulty of integrating 

solar collectors in hotels located on islands due to traditional architecture (Dascalaki & Balaras, 
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2004; Karagiorgas et al., 2006). The limited literature concerning RET adoption in the hotel 

sector is the second research gap of this thesis. 

1.2 Research Approach 

1.2.1 Case Study Area 

This thesis has selected Queensland, Australia, because of: (1) its status as an important tourism 

destination within Australia and internationally; (2) its exposure to climate change; and, (3) its 

potential to adopt RET. First, the tourism industry is the major earner for Australia, accounting 

for a 3.2% share of total GDP, higher than agriculture, forestry and fishing (Tourism Research 

Australia, 2015-16).For Queensland, the tourism industry generated AUD$23 billion up to 

April 2017, accounting for 7.5% of total Queensland GDP (Tourism and Events Queensland, 

2017a). In 2014-2015, the tourism industry directly accounted for 9.4% of employment in 

Queensland, more than mining (1.4%), and construction (4.6%) (Tourism and Events 

Queensland, 2017a). Its natural diversity provides a range of tourism activities from diving in 

the Great Barrier Reef to hiking in the national parks at the Gold Coast (Tourism and Events 

Queensland, 2017b).  

Second, climate extremes such as floods, droughts, heatwaves and bushfires are prominent in 

Queensland (Queensland Government, 2016). Impact on the tourism industry includes: coral 

bleaching as a result of increasing sea surface temperature; reducing rainforest areas, 

particularly the fragmented Wet Tropics of Queensland, due to increasing temperature and 

reducing rainfall; and, damaging the tourism infrastructure and popular environmental sites 

from flooding (Australian Government, n.d.-a; Queensland Government, 2016). The tourism 

industry in Queensland also contributes to climate change, producing 13.9 million metric 

tonnes (Mt) of GHGs (Tourism Queensland, 2010). Nearly half (48%) of these emissions, or 

6.602 Mt, were the result of activities including air and vehicle travel to and from Queensland, 

Queensland hotels, and tour and attraction operators (Tourism Queensland, 2010). The rest 

(52%) of the GHG emissions, or 7.258 Mt, were the result of electricity used by tourism-related 

operators and imported products provided to the tourism industry excluding hotels (Tourism 

Queensland, 2010). Third, despite having high solar radiation, Queensland has the lowest share 

of RET penetration at 4% when compared with Tasmania (99.9%), Southern Australia (41.3%), 

Western Australia (12.1%), Victoria (12.1%), and New South Wales (7.7%) (Clean Energy 

Council, 2015). Lack of large-scale investments has contributed to the Queensland’s low share 
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of RET-generated electricity and undermined its nation’s highest uptake of rooftop solar 

installation (Department of Industry and Science, 2015). To achieve the Queensland 

Government target of 50% renewable energy by 2030 (Clean Energy Council, 2015), more 

needs to be done to promote RET deployment in Queensland. Promoting RET deployment in 

the hotel is one option this thesis will investigate.  

Regarding electricity, the retail electricity prices in South East Queensland (SEQ) were 

deregulated in 2016 and are now set by the electricity retail providers (Queensland 

Government, 2017). These retailers purchase electricity from electricity generators at a 

wholesale ‘spot price’. They then sell this electricity to residences and businesses (O'Neil, 

2017). This price includes transmission, distribution and retail costs (Queensland Government, 

2017). Spot prices change every five minutes, reflecting its supply and demand gap, and can 

be very volatile ranging from $14/MWh to $4,000/MWh (O'Neil, 2017). The electricity 

retailers predict how much spot price will be over the 12-month period to announce retail prices 

to customers. This is because the retail price can only be changed once per year (O'Neil, 2017). 

When electricity prices are low, profits are generated for the electricity retailers and, vice versa, 

when the price is high it becomes a loss (O'Neil, 2017). In regional Queensland, regulated 

prices apply to small business customers consuming less than 100MWh per year and these are 

set by the Queensland Competition Authority annually (Queensland Government, 2017). 

Retail electricity prices have increased in Queensland after its deregulation (Phillips, 2016). 

Some hotels in Queensland has switched to diesel to save money from purchasing electricity 

from the grid (Gall, 2019). Similarly, for the agriculture sector, some sugarcane growers in 

Queensland such as Bundaberg Sugar have now switched to diesel to save money from 

purchasing electricity from the grid for their irrigation (Barbour, 2017). A medium sized 

blacksmith company, Glen Dobinson in Rockhampton, has also switched to diesel because of 

its increased electricity bill (Barbour, 2017). Switching to diesel could undermine Australia’s 

emissions reduction target and Queensland renewable energy target. Concerns that the retail 

price will rise in Queensland is increasing following an increased electricity demand in 

Queensland in the summer of 2017 (Killoran, 2017). In January 2017, electricity spot prices in 

Queensland reached its and nation’s highest record at $13,833/MWh (Killoran, 2017; O'Neil, 
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2017). Although this price does not have an immediate impact on the residential power bill, it 

may influence the electricity retailers’ justification for their next annual price rise.  

The increasing electricity price and low RET deployment in Queensland are a clear indication 

that although RET is improving rapidly, Queensland remains far from their emissions reduction 

and RET deployment targets. Shifting the hotel sector in Queensland to RET could potentially 

assist Australia to reach these goals.  

1.2.2  Research Methods 

Comprehending the complexity of RET adoption and its relation to hotels while addressing 

long-term consequences is challenging, and currently absent from the literature. Also, as 

mentioned above, exploring only a certain aspect of RET adoption found in previous research 

can be limited in capturing the complexity of a system and in anticipating challenges that may 

occur over time. Such a focus on certain parts of a system ignores the interaction between 

components within a system and how it may behave over time. This thesis applies a systems 

thinking approach to address these limitations. The systems-thinking approach is a research 

lens assuming that everything is connected to everything else and, therefore, cannot be 

observed independently (Sterman, 2000). A method for applying a systems approach is called 

system dynamics (hereafter SD); this uses mapping tools such as causal loop diagrams and 

stock-and-flow diagrams to present the structure of a system (Fiddaman, 1997). Overall, there 

are five steps for SD modelling. In the first step (problem articulation), problems including 

theme selection, variable consideration, and historical behaviour of the system are determined. 

The second step (formulating dynamic hypothesis) includes developing a conceptual model 

and identifying problematic behaviours (hypothesis). The third step (formulating a simulation 

model) is to turn the conceptual model into a quantitative model using equations and 

parameters. The fourth step (testing) is to test the model for its sensitivity and robustness. The 

fifth step (policy design and evaluation) is to provide a recommendation under different 

environmental conditions and scenarios. This research follows these fives SD modelling steps 

in the following series. Addressing SD modelling, step 1, a systematic quantitative literature 

review of the peer-reviewed literature on RET adoption in the hotel sector was conducted to 

compile a list of variables. Addressing step 2, the relationships between these variables were 

then analysed using the structural-analysis MICMAC (Impact Matrix Cross-Reference 

Multiplication Applied to a Classification) and a qualitative SD modelling method with 

stakeholders through questionnaires, 14 interviews, and an engagement workshop. The 
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developed qualitative model was then translated into the quantitative model (step 3) using a 

stock-and-flow diagram (step 4). Finally, the scenario building and sensitivity analysis were 

used to identify the leverage for RET adoption. Table 1 displays how these five SD steps are 

incorporated to address each research question.
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Table 1. The research question, the mixed methods used in this research, and chapter locations 

Research question  Objective  Modelling 

process 

Method Thesis chapter 

1 What are the variables 

influencing RET 

deployment decisions in the 

hotel sector? 

To identify variables 

relating to RET adoption 

in the hotel sector. 

1 Problem 

articulation 

(boundary 

selection) 

Systematic 

quantitative 

literature 

review 

Chapter 2 

Dhirasasna (2020). A systematic literature 

review of hotels and renewable energy 

technology. Manuscript submitted for 

publication.  

2 What are the implications 

of RET adoption decisions 

in the hotel sector? 

To identify roles of those 

variables.  

2 Formulating 

dynamic 

hypothesis 

MICMAC Chapter 4 

Dhirasasna, N. & Sahin, O. (2019). A multi-

methodology approach to creating a causal 

loop diagram Systems, 7(42), 1-36. 

https://doi.org/10.3390/systems7030042 

 

  To identify weighting of 

relationship between 

variables and use them 

as the first causal loop 

diagram for further 

refinement. 

  MICMAC 

  To identify the causal 

relationships between 

variables. 

  Causal loop 

diagramming 

3 What are the key 

opportunities and barriers 

related to RET adoption in 

the hotel sector? 

To identify behaviour 

structures that underlie 

the CLD. 

  System 

archetypes 

Chapter 5  

Dhirasasna, N.; Becken, S. & Sahin, O. 

(2020).  A systems approach to examining 

the drivers and barriers of renewable energy 

technology adoption in the hotel sector in 

Queensland, Australia. Journal of Hospitality 

and Tourism Management, 42, 153-172. 

https://doi.org/10.1016/j.jhtm.2020.01.001 

4 What RET deployment 

strategies help hotel 

businesses to balance 

environment, social and 

To quantify the CLD by 

using equations and 

formula. 

3 Formulating a 

simulation 

model 

System 

dynamics 

modelling 

Chapter 6 

Dhirasasna and Sahin (2021). A system 

dynamics model for renewable energy 

technology adoption of the hotel sector. 

https://doi.org/10.3390/systems7030042
https://doi.org/10.1016/j.jhtm.2020.01.001
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economic risks and 

benefits? 

Renewable Energy, 163, pp. 1994-2007. 

https://doi.org/10.1016/j.renene.2020.10.088 

 

 

   4 Testing System 

dynamics 

modelling 

   5 Policy design 

and 

evaluation 

System 

dynamics 

modelling 

https://doi.org/10.1016/j.renene.2020.10.088
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1.3 Conclusion 

This chapter presented a background to the research context and explored the main concepts 

and assumptions that underpin this thesis. The chapter identified two major research gaps and 

research aims and questions. These gaps are: (1) a lack of holistic investigation of RET 

diffusion; and, (2) a lack of empirical research investigating the RET deployment in the hotel 

sector. The chapter later explained the structure of this thesis and provided an outline of the 

chapters. Finally, the research approach in addressing the research questions and the case study 

were discussed.  

The literature on RET adoption in the hotel sector is scarce and very broad with a diverse range 

of contributing factors discussed. In this chapter, a brief overview of RET and RET in the hotel 

sector context were presented to identify the main gaps being addressed in this thesis. However, 

the literature needs to be reviewed more comprehensively. The next chapter, therefore, explores 

the progress of RET adoption in the hotel sector in more detail. 
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CHAPTER 2 

Literature Review of Renewable Energy Technology and the Hotel Sector 

The previous chapter justified the importance of exploring RET adoption in the hotel sector by 

laying the ground of the research aim to analyse RET adoption strategies in the hotel sector. 

This literature review chapter is set out to review existing RET literature in the hotel context 

by using a systematic quantitative literature review method. It specifically examines the extant 

literature in terms of the research topic/objectives, research methods, samples, and variables 

related to RET and the hotel sector. The results of this chapter address the first research 

question, “What are the factors influencing RET adoption decisions in hotels?”.  

Chapter 2 is currently under review by the Journal of Hospitality Marketing & Management 

and has been formatted to that journal style. The citation is as follows: 

Dhirasasna, N. (2020). A systematic literature review of hotels and renewable energy 

technology. Manuscript submitted for publication.
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A systematic literature review of hotels and renewable energy technology 

In line with the Paris Agreement to reduce global emissions, an increasing uptake of 

renewable energy technology to produce electricity in the sector is recommended. 

However, renewable energy technology (RET) adoption in the sector is low globally. To 

assess the academic knowledge landscape on RET adoption in the hotel sector, this 

research systematically investigates RET literature in the hotel context, with an aim to 

map out what is known and what needs to be explored further. The findings indicate a 

complex interplay between technology and its economic viability, the hotelier and tourist 

perceptions, the government and the environment. The review findings suggest that most 

existing studies have concentrated on Greece, and there is a dearth of unifying reporting 

systems of hotel and technology types. A plethora of variables related to RET in the hotel 

sector has been identified.  

Keywords: renewable energy technology; hotel; systematic quantitative literature review 

2.1 Introduction 

The hotel is a high energy-intensive commercial building because of its 24-hour electrical 

loading (Dalton, Lockington, & Baldock, 2008a). The sector accounts for approximately 1% 

of global emissions and is projected to increase due to an expansion in travelling (ITP, 2017). 

In line with the Paris Climate Change agreement, the hotel sector is recommended to reduce 

its carbon emissions per room per year by 66% from 2010 levels by 2030, and 90% by 2050 

(ITP, 2017). Adopting renewable energy technology (RET) to produce electricity on-site is one 

of the proposed tools to reduce hotels’ greenhouse gas (GHG) emissions rates (ITP, 2017). 

Moreover, adopting RET could bring the hotel benefits other than energy savings such as 

product differentiation, improving the market image and obtaining a competitive advantage 

compared with less green hotels. Despite these potential benefits, previous research has 

indicated low RET adoption in the hotel sector globally (Dalton, Lockington, & Baldock, 2007; 

Knezevic & Vicic, 2008; Petrevska, Cingoski, & Serafimova, 2016). More needs to be done to 

decarbonize the hotel sector by investing in renewable technologies. 

In response to the International Tourism Partnership’s (ITP) call for RET adoption in the hotel 

sector globally (ITP, 2017), this research sets out to review existing RET literature in the hotel 

sector context. Specifically, this research systematically investigates and synthesizes the extant 
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literature concerning RET to produce electricity in the hotel sector, with an aim to map existing 

knowledge about RET in the sector and to identify future research needs. The review 

investigates how RET has been studied in the hotel sector and the research methods that have 

been applied. The hotel and technology samples, research contexts and geographical locations 

of the research are also considered. One outcome of this review is to establish the range of 

variables that have been identified as important in previous research related to RET and the 

hotel sector. By doing so, this review lays the groundwork to explore potential leverage points 

for promoting RET adoption in the hotel sector. An agenda for future research is proposed 

based on the issues identified in the review.  

2.2 Background 

Generally, high electrical loads in the hotel sector are strongly related to services contributing 

to tourist comfort such as hotel services, cooling and heating, and hot water systems (Deng & 

Burnett, 2002). Review of the energy consumption benchmark in tourist accommodation 

indicates diverse electrical consumption between types of establishment (Warren & Becken, 

2017). Other parameters to electrical consumption include functional zones (i.e., number of 

rooms, restaurants, swimming pool), hotel location, climate, hotel star rating, hotel size, and 

occupation rate (Becken, 2013; W. Chan, 2012; J. C. Wang, 2012). A demand for greater room 

size (Gössling, Hall, Peeters, & Scott, 2010) and use of standby power (Quinn & Schrier, 2011) 

further add to increased electrical consumption. Despite the complex electrical demand across 

the hotel sector, increasing the prevalence of RET across the industry is needed to transition to 

cleaner electricity.  

Hotels are often located in areas with limited electricity supply such as regional, remote, or 

environmentally sensitive areas such as World Heritage sites, national parks, and islands 

(Dascalaki & Balaras, 2004). These areas frequently have high energy cost and low security of 

energy supply (Dascalaki & Balaras, 2004). Some stand-alone hotels rely on diesel generators 

which further emit GHG through combustion. This presents an opportunity for promoting RET 

deployment in the hotel sector. Adopting RET at the hotel could respond to increasing demand 

for a green hotel by improving the hotel’s image, thus acquiring and maintaining a market share 

among environmentally conscious customers (Butler, 2008; Yusof & Jamaludin, 2013). 

Additionally, producing own electricity through RET could reduce energy expenses and, 

subsequently, promote long-term profitability (Alonso-Almeida, Fernández Robin, Celemín 
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Pedroche, & Astorga, 2017). For instance, the Green Energy Management project at Grand 

Hyatt Singapore reduced its yearly energy consumption by 8 million kWh which equalled 

annual savings of over $1 million on its utility bill (National Climate Change Committee 

(NCCC), 2002). Adopting RET could prepare a hotel to comply with local environmental 

regulations (Yusof & Jamaludin, 2013). 

Efforts have been made by the hotel sector to reduce its energy consumption. Common 

practices found across the sector include light-emitting diode lights, T5 fluorescent tubes, 

motion sensors, key-card systems, water-cooled chillers, building envelopes, and heating, 

ventilation and air condition (HVAC) systems (E. S. W. Chan, Okumus, & Chan, 2017). 

However, being energy efficient alone is insufficient for the hotel to meet its emissions target, 

and adding RET as the main component to produce electricity is needed to reduce hotels’ GHG 

between now and 2030 (ITP, 2017).  

It could be tempting to approach the hotel sector’s decision to adopt RET as merely a subfield 

of ‘sustainability practice’ literature on pro-environmental behaviour in hotels. There are areas 

of overlap with that literature, since environmental considerations, cost savings and improving 

market image are among the motivations for changes in energy behaviour. E. S. W. Chan, 

Okumus, and Chan (2018), reviewing studies of sustainable practices in the hotel sector, offer 

insights into barriers to adopt environmental technologies; however, they address RET 

adoption in the hotel setting only briefly, in reference to local weather and the decision to adopt 

solar and wind powered technologies.  

RET in the hotel involves characteristics that are not as prominent in the sustainable practice 

literature. Whether a hotel’s management favours “green” values, for instance electricity costs, 

are identifiable (i.e., through electrical bills), and often a significant hotel expense. The 

decision to adopt RET to generate electricity autonomously also raises a behavioural question 

far broader than the hoteliers themselves and for different actors within the hotel (i.e., in-house 

chief engineer and owners) and includes different institutional contexts (i.e., electric utility 

regulation) than are generally found in the environmental business literature. In sum, energy 

behaviour is only partially linked to environmental justifications and, therefore, should be 
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addressed distinct from attitudes towards environmental justifications that create opportunities 

in some hotels but barriers in others.  

An abundance of literature explores RET adoption in the residential sector such as the drivers 

for RET purchase and how these behaviours differ among households (Boßmann & Eser, 2016; 

Chapman, McLellan, & Tezuka, 2016; Heiskanen & Matschoss, 2017). However, RET 

adoption in the business context involves barriers that differ from those of the household 

setting. For example, employees may feel they have minimal influence on energy consumption 

at work because they have no personal stake in the consequences of energy use and no 

immediate feedback concerning the impact of their actions on the organization’s outcomes 

(Dixon, Deline, McComas, Chambliss, & Hoffmann, 2015).  

RET adoption in the business sector globally is lower than that of residences despite consuming 

more electricity (IEA, 2019b). Little is known regarding factors affecting the business sector’s 

decision to adopt RET (Rahbauer, Menapace, Menrad, & Decker, 2016). Rahbauer, Menapace, 

Menrad, and Lang (2018) have found that RET adoption among small- and medium-sized 

enterprises (SMEs) is low and related to the price of RET and decision makers who have a high 

level of perceived environmental responsibility. Similarly, micro-enterprises were reported to 

be sensitive to traditional energy costs for profit maximization (Kurata, Matsui, Ikemoto, & 

Tsuboi, 2018).  

RET adoption in the hotel context is unique because the technology users and adopters are not 

the same entity (Dhirasasna, Becken, & Sahin, 2020), in that the RET adoption decision lies 

with the hotel management team, while tourists are the end users. The benefits associated with 

RET adoption, such as financial savings, accrue to the hotel. Hotels may also use RET as 

marketing strategy. However, RET has no financial benefits to the tourists because they not 

pay for the electricity bills and receive electricity during their stay no matter what. Being 

praised for energy-efficiency efforts was found to engender pride and promote more energy 

saving actions (Handgraaf, Van Lidth de Jeude, & Appelt, 2013). Thus, RET in the hotel sector 

warrants its own investigation.  

In this review, the term hotel sector and hotel(s) are used interchangeably, with the implicit 

understanding that we are discussing tourist accommodation providers, excluding private home 

rentals or other small-scale hosted accommodation. In addition, the concept of RET adoption 

refers to the use of renewable energy technology to produce electricity for whole hotels rather 
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than parts of a hotel such as a fridge and electric vehicles. This research contributes to Andrews 

and Johnson (2016) call for more research in energy behaviour and barriers to RET adoption 

for a different type of corporate representative of the hotel sector.  

The significance of this review response is to an increasing interest in decarbonizing the hotel 

sector and the indisputable rise of RET. In response to this trend, RET research in the hotel 

sector has gained increasing momentum in recent years with a growing number of tourism 

researchers working and writing on adoption issues (see Dalton, Lockington, and Baldock 

(2009b); Tsagarakis et al. (2011)). By mapping and assessing what is known, this review lays 

the groundwork and identifies gaps and opportunities for future research to build upon. 

2.3 Methodology 

2.3.1 Systematic quantitative literature review 

A systematic quantitative literature review is selected for this research because the method 

allows mapping of the landscape and boundary of knowledge by counting what is known and 

unknown (Pickering, Grignon, Steven, Guitart, & Byrne, 2015). The method used to survey 

the literature and select collection of research is based on explicit in/exclusion criteria. The 

review counting and charting the geographic, scalar and methods has been used by previous 

research. Thus, the systematic quantitative literature review illuminates where there is and is 

not research (Pickering & Byrne, 2013). This method is deemed suitable for the objective of 

this research to map the landscape of research concerning the hotel sector and RET for 

electricity production, which involves multi-disciplinary literature from the fields of 

engineering, economics, management and psychology research. Details of this method can be 

found in Pickering and Byrne (2013) and Pickering et al. (2015).  

Other types of literature review methods are available including traditional narrative literature 

reviews and meta-analysis. The traditional narrative review involves self-evaluation and 

selection of studies to be reviewed (Green, Johnson, & Adams, 2006), and is perceived as being 

less rigid. Although traditional narrative literature review can provide explicit perspectives on 

the focused topics (Pae, 2015), the method does not employ a quantitative and systematic 

approach and is unable to quantify what is yet to be known. A traditional narrative review was 

not selected for this research due to its descriptive features. In contrast, a meta-analysis 

literature review involves exhaustive selection criteria and uses statistical analysis of the data 
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within the papers reviewed (Borenstein, Hedges, Higgins, & Rothstein, 2009).  However, a 

meta-analysis review is suitable where the selected studies have comparable research designs 

(Borenstein et al., 2009), which is not the case for this research and, thus, the method was not 

selected.  

2.3.2 Systematic review process 

The process of the systematic quantitative review undertaken in this research following 

guidelines laid by Pickering and Byrne (2013) (Figure 1). The seven selected academic 

databases were based on prior tourism review publications (Truc, Arcodia, Novias, & Kralj, 

2019; Warren & Becken, 2017; Yang, Khoo-Lattimore, & Arcodia, 2017). The search terms 

related to the hotel sector were informed by literature concerning types of hotels (Lawson, 

2018); meanwhile, terms related to RET were informed by prior reviews of renewable energy 

(Baños et al., 2011). Included research comprises original research articles published in the 

English language which contain the aforementioned search terms in their titles, abstracts, or 

keywords. No timeframe was applied to the review. Excluded from this literature review is the 

Google Scholar Database because of its different structure to run searches when comparing 

with other databases, and constantly changing content and algorithms (Giustini & Boulos, 

2013) Grey literature was also excluded because of the different standards of work when 

comparing with journal articles including not being peer reviewed, and/or not consistently 

available in papers via on-line search engines.. 
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Figure 2 reports the systematic review results according to the guideline of Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis (PRISMA) (Moher, Liberati, Tetzlaff, & 

Altman, 2009). As of February 2020, the literature search against the seven databases and 

through reference lists of identified records resulted in 1,244 records. After removing 56 

duplicate references, the remaining 1,188 records were screened against the selection criteria, 

where grey literature and publications not in English were excluded. The screening process 

yielded 166 records, of which full texts were exported to Endnote software for data 

management. Twenty-seven additional studies that met the research selection criteria were 

identified from cross-checking the reference list of the 166 identified records. Studies discarded 

at this stage were justified based on this research focus. These justifications were related to 

fossil-fuelled technology (n=6), solar thermal (n=6), water heap pump (n=8), water 

1. Define 
research 
question

• To map the knowledg trajectory in RET and the hotel sector

• To identify research gaps

• To identify variables related to RET and the hotel sector

• To provide an agenda for future research

2. 
Formulat
e Review 
Protocal

• Searched term: "hotel", "motel", "caravan park", "tourist accommodation", "resort", "guest service", "camping 
ground", "tent", "camp", "lodge", "inn", "RV park", "hostel", "apartment", "bungalow", and combination of the 
following terms: "renewable energy", "solar", "wind", "hydro", "geothermal", "microgrid", "wave", "bio"

• Searched database: Web of Science, Science direct, Scopus, ProQuest, EBSCOhost, Sage, Emerald. 

3. Search 
literature

• Inclusion criteria:

• Academic journal published in English language

• RET is used to produce electricity

• Final users is the whole hotel, not for specific eletrical appliances in the hotel such as heat pump, water 
desalination, and electric vehecles. 

• Exclusion criteria

• Grey literature including editorial materials, conference proceedings, research notes, books, presentations, 
framework etc. 

• Cooling and heating system

• Technology is fuelled by fossil fuelled source

• Research did not analyse data specifically for the hotel 

• Research did not ask directly about RET, or no follow up questions about RET

• Air Mattress bed and breakfast (Air BnB)

4. Extract 
literature

• Appraise literature quality and relevance

• Extract relevant information: Authors, title, year of publication, journal name, research topic, research 
approach/method, hotel size/type/location/weather, investigating variables. 

• Software used for extrating data: Endnote, Microsoft Excel, Vensim.

5. 
Systhesize 
findings

• Analyse findings by detailed examination of the extracted information

• Report findings using tables, world map, and mind map. 

• Identified gaps: (a) Expanding possibilities in other geographical areas; (b) Exploring the possibility in large 
properties; (c) linking research between engineering and social science. 

Figure 1. Systematic review process for this research 
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management and desalination (n=5), heat and cooling (n=11), and electronic vehicle (n=3), not 

directly related to RET (n=53), and not directly related to the hotels (n=19). Not directly related 

in this research means that RET or hotels were only used as an example, cited expression, or 

in the keywords and/or references; and RET and/or hotels were only included in the discussion 

and/or the need for future research.  

Details of each of the final 71 studies (see Appendix B) were quantified using a customised 

database in Microsoft Excel. The details coded were: (1) who did the research, when and where 

published, year of publication, main journals and type of publication; (2) what were the 

research objectives and their used approach/method; (3) where was the research conducted; (4) 

what types of hotel and RET were exolored; (5) what variables did they find related to RET 

adoption in the hotel sector.  

 

Figure 2. PRISMA Flowchart of this research. Adapted from Moher et al. (2009) 

2.4 Review findings 

2.4.1 Research contexts and topics 

Table 2 summarizes the journal topics and the year of publication of the 71 articles. Since 1990, 

the topic has evoked interest from different research topics (41 journals across eight topics), 

with the majority coming from energy and technology. Research on RET and the hotel sector 

with the topic of energy and technology has increased rapidly since 2001. This trend is 
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consistent with the attention concerning the use of renewable energy resources as previously 

discussed, notably lead by IPCC (2008). In contrast, RET and the hotel sector have also 

expanded to the application-related research topics since 2006 including tourism and 

hospitality management, sustainability, engineering, architecture, economics, and 

interdisciplinarity. This research movement echoes the increasing application of RET globally 

(IRENA, 2019).   

Table 2. Literature profiles by topics and publication years, and top three journals for 

hotel and RET research. 
Topics (Top journals) No. of 

Journals 

No. of 

studies  

% 

1
9

9
0

-1
9
9

5
 

1
9

9
6

-2
0
0

0
 

2
0

0
1

-2
0
0

5
 

2
0

0
6

-2
0
1

0
 

2
0

1
1

-2
0
1

5
 

2
0

1
6

-2
0
2

0
 

Energy 11 29  54.9   4 3 9 13 

   No.3: Applied  

   Energy  

4         

   No.3: Energy  

   Conservation and             

   Management 

4         

   No.2: Energy 5         

   No.2: Energies 5         

   No.2: Energy and  

   Buildings 

5         

Technology 9 18  25.4 1   6 9 2 

   No.1: Renewable  

   Energy 

11         

Tourism & 

Hospitality 

management 

6 8  11.3   1 4 1 2 

Sustainability 5 5  7   1  1 3 

Engineering 3 4  5.6    1 1 2 

Economics 3 3  4.2     1 2 

Architecture 2 2  2.8     1 1 

Interdisciplinary 2 2  2.8     1 1 

TOTAL 41 71  100 1  0 6 14 24 27 

The results of coding the research objectives illustrate that the objectives across the extracted 

studies were diverse and increasing in number over time (Table 3). Optimization (26.4%) was 

the most researched objective, followed by assessing technical feasibility (17.2%) and 

economic viability (13.8%), as early as the 2000s. This may reflect the desire to adopt RET 

among the hotels at that period. Therefore, important decisions for a hotel are whether to install 

a renewable energy system on a given property, and which renewable energy source or 

combination of sources is the best choice. Optimization concerns finding inputs of a function 
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that minimize and maximize its value subject to constraints (Pardalos & Resende, 2002), and/or 

designing, implementing and testing algorithms for solving optimization problems (Baños et 

al., 2011). While there is no widely accepted definition of feasibility (T. W. Brown, Bischof-

Niemz, Breyer, Lund, & Mathiesen, 2018), the extracted studies aim to identify whether the 

assessed renewable energy system will work. This concept of feasibility has been used in 

(Bakos & Soursos, 2002), (Dalton, Lockington, & Baldock, 2009a), and (Karlis & 

Papadopoulos, 2000). Economic viability studies aim to identify whether the assessed system 

is realistic within the economic constraints (Loftus, Cohen, Long, & Jenkins, 2015). An interest 

in economic viability may reflect the importance of the investment cost of adopting the 

renewable energy system. Other growing research objectives are: perception assessments on 

hoteliers, tourists, engineers (at the hotel), local government, and academics (10.3%), report 

current RET adoption (8%), report current sustainability practice (RET included) (8%), 

propose method/design to evaluate existing hotel condition for RET (8%), examining potential 

energy conservation practices (4.6%), and assessing environmental impact output (3.4 %). 

The current review shows that few studies attempt to link the technology feasibility and its 

possibility of being adopted by end users. For example, J. M. P. Chen and Ni (2014) propose a 

solid oxide fuel cell for electricity, cooling and the hot water system for a real hotel in Hong 

Kong. Although the proposed system was found to be economical with the payback period 

within 10 years, the interview results with hotelier, government committee and 

research/academic professors indicate concerns about technology implementation due to the 

technical difficulties of the system and the legal constraints to produce own electricity in Hong 

Kong. In addition, a series of research studies led by Dalton provide a full understanding of 

RET in the hotel sector in Australia from technology feasibility, optimization (Dalton et al., 

2008a, 2009a; Dalton, Lockington, & Baldock, 2009b), attitude of hotel operators (Dalton et 

al., 2007), and supportiveness of tourists (Dalton, Lockington, & Baldock, 2008b). 

Table 3. Literature profiles by objectives of investigations and publication years. 
Objectives of investigation No. of 

studies  

% 

1
9

9
0
-1

9
9

5
 

1
9

9
6
-2

0
0

0
 

2
0

0
1
-2

0
0

5
 

2
0

0
6
-2

0
1

0
 

2
0

1
1
-2

0
1

5
 

2
0

1
6
-2

0
2

0
 

Technology optimization 22 25.6%             7 7 8 

Assess technical feasibility 15 17.4%   1 2 7 5 

Assess economic viability 12 14%   1 2 2 7 

Perception assessment 9 10.5%    4 4 1 

     hotel    10        
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     managers/executives/green       

     committee member 

     international tourists 5        

     domestic tourists 5        

     maintenance manager/chief  

     engineer 

3        

     local government 2        

     academics 1        

     end users (did not specify) 1        

Report current RET adoption (only) 7 8.1% 1  2 2 2  

Report current sustainability practice 

(RET included) 

7 8.1%   1  2 4 

Propose method/design to evaluate existing 

hotel condition for RET and other 

sustainable practice 

7 8.1%   1 1 3 2 

Examine potential energy conservation 

practices (RET included) 

4 4.7%      3 

Assess environmental impact output 3 3.5%   1   2 

TOTAL 86 100%       

Table 4 presents a cross-tabulation between the methods used in the extracted literature and 

their objectives of the investigation. All studies related to optimization, technological 

feasibility, economic viability, and proposed a method/design to evaluate existing hotel 

conditions for RET and used a quantitative method. This research recognizes that there are 

many types of optimization algorithms for RET, which vary according to different energy 

sources such as solar, wind, hydro, etc. A comprehensive review can be found in Baños et al. 

(2011). This present review summarizes this calculation as “energy calculation” because the 

types of calculations across the studies varied and were unable to produce significant data. For 

perception assessment studies, most of the studies reviewed have preferred a quantitative 

methodology using a questionnaire, with one research study using a qualitative method via 

interview and one mixed method. Qualitative methodology was being most valued for reporting 

current sustainability practice including RET, with three studies using interview, 

database/historical data reports and reporting from personal experiences. Other research 

objectives such as reporting the current RET adoption, examining potential energy 

conservation practices and assessing environmental impact are all skewed towards quantitative 

research.   
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Table 4. Methods and research approach used to investigate RET and hotels.     
Perception assessment 
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23 15 11 2 4 4 1       4 4 7 2 2 78 8
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     Energy calculation 21 15 
 

  
     

  1 
 

5 
 

2 
 

 

     Economic 

calculation 

19   11                   1   1    

     Questionnaire 
   

2 4 4 1 
  

  2 2 
    

 

     Database analysis                       2   2      

     Architectural design 
   

  
     

  
  

2 
   

 

     Did not specify                     1            

QL       1       1 1 1 1 3   1   9 1

0 

     Interview 
   

1 
   

1 1 1 
 

1 
    

 

     Database 

report/historical report 

                    1 1   1      

     Report from 

personal experience 
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Figure 3 presents the world map summarizing the types of studies and geographical locations 

considered in the extracted studies. Despite the studies being diverse across different 

continents, the variety of research focus was limited to a certain country and location, that is, 

the centre of the tourism sector. For example, Greece was the most researched country (13.1%) 

particularly Crete, followed by China (10.7%) especially Beijing, and Australia (8.3%) 

particularly the state of Queensland.  

When considering the varieties of research objectives, Greece has a near full understanding of 

RET in the hotel ranging from technical optimization and technical and economic feasibility 

studies, perception assessment, report usage and environmental impact assessment. Such 

concentrated research in Greece is possible due to its aim to reduce the country’s dependence 

on petroleum for electricity generation and to fulfil the European Directive’s target to produce 

renewables electricity of 20.1% by 2010 (Lazarou, Noou, Siassiakos, & Pyrgioti, 2008). 

Similar regulations to exploit renewable energy were stipulated in China in 1995 (Peidong, 

Yanli, Yonghong, Lisheng, & Xinrong, 2009). A series of administrative regulations between 

2000 to 2017 further developed the renewable energy industry in China (D. Liu et al., 2019), 

which possibly contributes to the large amount of studies found in this review. Australia has 

also had a well-developed renewable energy infrastructure, particularly hydropower, since the 

19th century (H. X. Li et al., 2020). However, the review results indicate that six out of seven 

research studies were conducted prior to 2009, and five of those were led by Dalton.  

Figure 3 also indicates that not every country has an all-round understanding of RET adoption 

in the hotel sector. Certain areas except the U.S. and Europe, lack reported usage of RET 

adoption. The Middle East and Asia (except China) were limited to technology optimization 

and examining the possibility; while Africa was limited to perception assessment. 
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Figure 3. Research objectives and geographical locations
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2.4.2 Types of hotel and types of renewable energy 

Across the studies, few studies specify the characteristics of the studied hotel establishments. 

Of those that reported, the most studied property characteristics were a real hotel, with 10-30 

bedrooms, tower block style, stand-alone (not connected to the grid distribution network) and 

were located in the Mediterranean weather type (Figure 4).  

Figure 4 indicates the types of hotel characteristics being reported. The cause of such diverse 

hotel classification and RET-type reports possibly stems from research using a real hotel which 

allows more data to be gathered, while others may use a hypothetical hotel and, thus, lack 

definitive data. In addition, research focusing on reporting current RET adoption or tourist 

perceptions of RET might not see the need to report technical data such as floor m2 or peak 

electrical load per year.  

 

Figure 4. Characteristics of hotel samples 
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Table 5 indicates types of RET being explored in the research, being used in the hotel currently, 

and being preferred by tourists. Table 5 indicates that the research has explored many types of 

technology for potential usage including wind power, solar power, geothermal, biogas, 

hydropower, and battery storage. However, in real practice, limited types of technology were 

reported being used (Dalton et al., 2007; Knezevic & Vicic, 2008; Petrevska et al., 2016); if at 

all (Auliandri & Angraeny, 2017). In addition, tourists report preferring wind turbine and solar 

PV. Similar to the diverse hotel characteristics discussed previously, Table 5 indicates the 

diverse and detailed types of technology reported as being feasible for application (i.e., 

one/dual axis tracking solar PV). However, such depth within the report is reduced when the 

data are extracted from users (i.e., solar PV). Differing depths of RET type in research could 

stem from a lack of technical knowledge from the respondents. 
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Table 5 Renewable energy technology found in research, current use in hotel, and being preferred by tourists. 

Types of RET   Researched 

technology 

% Current 

hotel use 

% Preferred 

by tourists 

 % 

Wind Power        
 

    

     Wind turbine 16 17.98 3 27 2 67 

Solar power          
Compound parabolic concentrators (CPC) 1 1.12      

      Concentrated Solar Power (CSP) 1 1.12      

      Flat plate evacuated Solar thermal 3 3.37      

 Solar thermal 8 8.99      

 Solar PV roof top     1 9   
 

 Solar PV (unknown type)     2 18 1 33 

 Solar PV/fixed PV solar 29 32.58     

 One-axis tracking PV 1 1.12     

 Dual-axis tracking PV 1 1.12     

Geothermal          

    Small-scale geothermal plant 2 2.25 1 9   

Biogas    0.00     

 Biogas fuelled gas turbine power generation 1 1.12     

 Biomass Furnace 6 6.74     

 Biofuel     1 9   

 Biogas     1 9   

Hydro power          

 Small hydro system 1 1.12     

 Hydroelectric plant     1 9   

Battery storage    0.00     

 Battery 7 7.87 1 9   

 Lead Acid battery 10 11.24     

 Solid oxide fuel cell 2 2.25     

TOTAL  89 100.00 11 100 3 100 
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2.4.3 Variables found related to hotel and RET studies 

In light of the importance of RET adoption in the hotel sector, it is crucial to understand 

variables related to the topic in order to comprehend the interrelationships between antecedent 

and descendant elements in the construction of RET adoption. Figure 5 outlines the reported 

relationships between RET adoption and other variables using arrows in the Vensim software 

(Ventana Systems, 2007). The blue arrows indicate positive, and red arrows indicate negative 

relationships found in the studies. The number on the arrowheads indicate the number of studies 

investigating the relationships. Figure 5 illustrates that variables can be grouped into six 

categories including technology viability, economic viability (of the technology), tourist, 

hotelier, government and the environment. The top researched variables are: (A) Renewable 

fraction (six studies) calculated by total renewable power production divided by total energy 

production, energy performance (five studies), and levelized cost of energy (three studies) for 

technical viability category; (B) net present cost (12 studies), investment cost (nine studies), 

and operating cost (seven studies) for economic viability category; (C) tourist attitudes to RET 

supply in a hotel (two studies) for tourist category; (D) hotelier perception of marketing 

potential (four studies), capital budget (three studies), ease of implementation (three studies) 

for hotelier category; (E) government incentive for government category; and (F) GHG 

emission and GHG emission savings for the environment category.  

Figure 5 also indicates a lack of interconnectedness or interplay between variables from the 

five categories including technical viability, economic viability, tourist, hotel, government and 

environment. Such disconnection could be the result of each research objective such as 

technology studies, and hotelier and tourist behaviour studies. Limited space for publication 

could also contribute to such limited reports.  
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Figure 5. Variables related to renewable energy and the hotel sector.



33 

 

2.5 Discussion and future directions 

Figure 6 maps the key findings emerging from the review. In summary, the landscape of RET 

adoption and the hotel sector literature is characterized by the dominance of technology 

optimization-focused research, Greek samples, assorted characters of hotel samples, the 

discontinuity between technology found feasible and technology reported adopted by hotel 

users, and the disconnected elements related to RET adoption. Based on the traits and patterns 

observed from the review, recommendations are provided for future research.  

 

Figure 6. Summary of key review findings 

2.5.1 Expanding research in other geographical areas 

A great proportion of studies reviewed focus on certain countries. There has been an apparent 

dearth of investigation concerning RET adoption from nations where the hotel sector is 

flourishing, such as Mexico and South Africa. Such limited knowledge from certain countries 

may not represent adoption behaviour in a specific part of the world. This is because technology 

diffusion was found to be affected by social influence or consumer attitudes and behaviours 

towards innovation shaped by interactions with others (Pettifor, Wilson, McCollum, & 

Edelenbosch, 2017). For example, the diffusion rate of information technology was found to 
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be slower in the US, where the culture emphasizes individualism, when compared with Asian 

countries (Lee, Trimi, & Kim, 2013).  

In the business context, RET uptake decision represents the flows of information between 

competitors concerning social acceptability, quality and reliability of the RET system. In 

addition, adopting RET could communicate the business’s identity and its product 

differentiation. Thus, the business’s choice to adopt RET could be shaped by broader social 

beliefs and value systems that prevail within a given culture, which creates a distinction 

between countries and regions. Previous research found that if the public are actively engaged 

in sustainable practices, the hotel is likely to adopt the practices as well (McGrady, 2016). No 

research studies in the reviews examine the impact of culture on RET adoption in the hotel 

sector. Thus, expanding an understanding (i.e., technology feasibility, report usage, and 

perception assessment) of RET adoption in the hotel sector, specific to other geographical areas 

and culture, could help explain why RET adoption is low.  

Future research is recommended to use Figure 3 (world map) to identify a research focus that 

is currently lacking in particular regions or countries to seek to fill the knowledge gap. 

Hofstede’s cultural dimensions (Hofstede, 1980) that attend to culture and social influence, and 

the Prism of Sustainability which provides a relatively holistic framework to analyse 

sustainability (Spangenberg, 2002), may provide a fitting lens to the investigation of cultural 

differences and RET diffusion in the hotel context. 

2.5.2 Linking research between engineering and social science 

The 71 studies reviewed conceptualize RET adoption in the hotel sector from different 

perspectives including technical feasibility, economic viability, tourist, hotel, government and 

the environment, with only one study considering the connection between variable categories. 

These different perspectives in the literature indicate that RET adoption in the hotel sector is 

not simply an isolated phenomenon, but a “system” comprising several interacting components 

and the relationships among these components are inherently non-linear. Lack of research 

between interrelated categories is similar to omitting variables that are known to influence 

system behaviour, and equivalent to saying they have zero effect (Forrester, 1961). Researching 
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the connection between variable categories may illuminate the leverage point to promote RET 

in the hotel sector.  

Prior research has demonstrated that a technology system found feasible in a hotel might not 

be adoptable by the end users (i.e., due to technical difficulties) or consent by the local authority 

(J. M. P. Chen & Ni, 2014; Warren & Becken, 2017). As such, researchers interested in 

technology optimization and/feasibility studies are encouraged to consider end users’ 

perspectives through, for example, focus group interviews. Likewise, prior research exploring 

the interrelationship between technology development, government policies, hotelier and 

tourist perceptions and behaviours illustrates that the same actors who seek to simulate the 

transition to RET such as policymakers and tourists can also (unintentionally) form a barrier 

(Dhirasasna et al., 2020). Accordingly, the systems thinking approach may be valuable in 

exploring the diffusion of RET while accounting for multiple sectors and their interactions as 

a system. Systems thinking explores the concept of feedback mechanisms within the systems 

and how they influence their system behaviour over time (Sterman, 2000). A systematic review 

concerning systems thinking and the tourism sector can be found in Sedarati, Santos, and 

Pintassilgo (2018).  

2.5.3 Using a standardized hotel category for sharing knowledge 

Across the 71 studies reviewed, incommensurable characteristics of hotels was reported. This 

research argues that such a dispersed reporting style could limit the generalizability of findings 

from one hotel character to a different context. Researchers wishing to build on existing 

knowledge may require a lot of time and research effort to gather data relevant to their studied 

hotels and RET. The impenetrable jungle of hotel classification could also confuse the 

government or industries wishing to apply the findings.  

This research argues that having a standardized hotel reporting classification may allow 

comparison between reports. Figure 7 summarizes common reported criteria concerning hotels 

and RET determined from the literature. Future research is recommended to report these 

characteristics together with RET samples. Other elements that are not found in Figure 7 could 

be considered as country-specific criteria and should be reported as supplementary. The 

unification of a hotel and RET characteristics report could assist future research to compare 

their investigations with prior research conducted on similar samples. Likewise, the end users 
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(i.e., hoteliers) could benefit from this standardized system by focusing on reports whose hotel 

samples share similar features to their own establishments.  

 

Figure 7. List of hotel and renewable energy technology characteristics recommended to be 

included in future reports. 

2.6 Conclusion 

The low adoption of RET in the hotel sector globally forms the impetus for this study. A 

systematic review of existing literature shows elements contributing to the RET adoption in 

the hotel sector are diverse including the technology and its economic viability, hotelier and 

tourist perceptions, the government and the environment. However, limited research has 

explored the connectivity between these elements and how their interactions could impede RET 

adoption in the hotel sector. In addition, as most of the studies were conducted in Greece, 

further investigation is needed to explore how RET could be adopted or perceived in other 

geographical contexts. With that said, there are divergent hotel and RET characteristics being 

Hotel Charateristics

•Sample: Real or hypothetical hotel

•Grid connection: Stand-alone/grid connected

•Hotel location: Name of the country and city

•Climate type of the hotel location: i.e., tropical, dry, mid, continental, polar, subarctic.

•Hotel environment: urban/rural, mountain, alpine, inland, coastal, hilly.

•Hotel size: Number of bedrooms, number of floors, number of buildings in a complex (if 
application), total floor area in m2, maximum number of guests

•Faciltiies in hotel: restaurants, lobby bar, sauna, conference rooms

•Electrical appliances in room: TV, lamp, hair dryer, coffee machine

•Electrical consumption: Average daily energy consumption, annual electrical consumption, 
peak load of the year, months of peak/low seasons

•Hotel ownership: Independent or chain affiliated

•Building style i.e., tower block, camping park, chalet, farmhouse, hut, cabin, villa

Renewable energy technology

•Show picture or model of the technology

•Does hotel have enough space to install the technology?

•Where will the technology be located in the hotel? Roof top or on the ground?

•Will the technology be visible to the in-house guests? What is the proximity to the guests?

•Are there policy incentives where hotels benefit from adopting RET?

•Are there legal restrictions to implement the RET?
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reported throughout the reviewed studies. A standardized hotel and RET classification were 

offered for future research when examining RET adoption in the hotel sector.  

Considering the growing call for RET adoption globally, the hotel sector may benefit from the 

review findings by considering RET uptake, to generate electricity autonomously. Some hotels 

already produce their own electricity. For instance, Lady Elliot island in Queensland, Australia 

can operate for two weeks on solar power (Resport, 2020); while, Garonga safari camp in 

Limpopo, South Africa is supported 30% by solar-powered electricity (Garonga, 2020). These 

hotel actions aim to be sustainable. Nevertheless, criticism exists for hotels that adopt RET as 

being greenwashed (Rosalind Jenkins & Karanikola, 2014). While this review was not intended 

to provide a comprehensive solution to promote RET adoption in the hotel sector, the review 

findings may be at least inviting to the hotel sector to be aware of low RET adoption, and to 

identify and subsequently address the technological and user barriers.  

A systematic quantitative literature review has its own limitations because of its retrospective, 

observational and selective nature (Petticrew & Roberts, 2009). First, RET is one of the options 

to mitigate GHG emissions, suggesting RET adoption is common in sustainability research. 

Consequently, the initial research resulted in a large amount of literature with limited relevance 

to the interests of the study. To enhance the precision of the resultant literature, the research 

strategy was modified, and the research was restricted to three parameters: title, abstract and 

keyword. Studies that have considered RET but did not mention the keywords in any of the 

three sections may have been overlooked. It is recommended that future researchers are 

deliberately prudent in achieving a balance between comprehensiveness and precision when 

conducting a systematic literature review. Furthermore, the search terms employed in this 

review were limited to the hotel sector and renewable energy as informed by previous literature 

(Baños et al., 2011; Lawson, 2018). On a similar note, the objective of this review was to 

examine RET adoption in the hotel sector for autonomous electricity generation; hence, other 

attributes were not emphasized. Future review is encouraged to include RET that is used for a 

specific part of the hotels such as cooling/heating, water desalination, and electric vehicles. 

Finally, while the systematic nature of the method has made visible the review process, this 

study is not meant to be duplicated without careful consideration. In particular, interpretation 

of the data was subjective and influenced by the researcher’s educational background. 

Nevertheless, clear reporting practice has rendered future updates and follow-up studies 

possible. Despite these few limitations, this is the first study to systematically review RET 
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literature in the hotel sector to produce electricity. This review has demonstrated the 

intertwined relationships between technology and its economic viability, tourists, hotelier, 

government and the environment, and has developed a foundation for future research to build 

upon. Because of the growing concern to reduce GHG emissions alongside the rise of 

sustainable practices in the hotel sector, implications were provided for the industry in 

recognizing the complex nature of RET adoption and, subsequently, addressing the issue.   
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CHAPTER 3 

Methodology 

3.1 Introduction 

Chapter 2 reviewed the literature on renewable energy technology and identified numbers of 

research issues. A link was established between RET adoption in technology, hoteliers, tourists, 

the government and the environment. However, there is insufficient information about how 

these sectors are interrelated. Chapter 2 highlighted the need to investigate the complexity 

surrounding RET adoption in the hotel context. Subsequently, the overall aim of this research 

is to analyse RET adoption strategies in the hotel sector and identify the best strategy that: (a) 

maximizes the benefits for hotel stakeholders; and (b) promotes sustainable growth of RET 

adoption.  

This chapter provides a comprehensive overview of the research methodology that underpins 

the investigation. The research adopted a systems thinking approach and utilized system 

dynamics modelling. The design of a dynamic hypothesis and system dynamic simulation to 

enable the testing of such hypotheses are discussed. Two major areas, outlined in the following 

sections, cover: (1) the theoretical lens; and, (2) the mixed-methods approach. The section 

ordering does not reflect the importance of each subject but, rather, the researcher’s view that 

they are equally and mutually supportive aspects. This ordering reflects the researcher’s focus 

on the research problem and does not share the approach of some writers (e.g., Fuenmayor 

(1991) who believe in a strict hierarchy of philosophy, methodology and method. The detailed 

modelling processes are discussed in each chapter.  

3.2 Theoretical lens: Systems thinking approach 

The theoretical lens taken in this research is the systems thinking approach which focuses on 

parts/whole/sub-systems, system/boundary/environment, structure/process, positive/negative 

feedback, open systems, holism, and the observer (Mingers & White, 2010). Developed in the 

20th century, systems thinking has been defined by many researchers stressing each concept 

(Arnold & Wade, 2015). For example, Richmond (1994) stresses the ability to deduce 

behaviour patterns and recognise cause-effect relationships; meanwhile, Senge (1993) 

emphasises the ability to see whole and interrelationships rather than a static snapshot. 
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Sweeney and Sterman (2000) specify the skills of systems thinking to include the ability to 

understand system behaviour and discover feedback processes; whereas, Gharajedaghi and 

Ackoff (1985) suggest the use of synthesis to understand a system’s structure. Arnold and 

Wade (2015) review different definitions of systems thinking. This research does not offer a 

new definition of systems thinking. Rather, this research follows Jay Forrester, the founder of 

System Dynamics, whose assertion is that systems thinking has no clear definition and that 

systems thinking is thinking about systems, talking about systems and acknowledging that 

systems are important (Forrester, 1994). Capra (1997) describes the history of the systems 

thinking approach.  

To date, the approach has been applied in many domains such as information systems (Shalev, 

Keil, Lee, & Ganzach, 2014), education (Graham, Morecroft, Senge, & Sterman, 1992), and 

the natural environment (Mingers & White, 2010). The systems thinking approach is suitable 

for a qualitative assessment of the interrelationship and interdependencies among variables in 

this research1. As discussed in Chapter 2, the gap in the RET adoption literature suggests a 

study of interrelations between technology, end users (i.e., hoteliers and tourists) and 

environmental factors such as government polices. Thus, the systems thinking approach is 

deemed suitable for this research to explore the diffusion of RET while accounting for multiple 

sectors and their interactions as a system. 

To illustrate the systems, this research applied the system dynamics (hereafter, SD) which 

concerns system behaviour resulting from the underlying structure of flows, delay and feedback 

relations (Forrester, 1961). SD is deemed suitable for this research because, as stated in Chapter 

1 and Chapter 2, the overarching aim is to analyse RET deployment strategies in the hotel 

sector from the perspective of how changes in variables would influence the system over time. 

That is, this research is interested in system behaviour given different RET adoption strategies. 

SD was developed by Jay Forrester at MIT in the 1960s to model the cities and industrial supply 

chain system behaviour expressed in equations and running in a computer model (Forrester, 

1961). The central concept of SD is the feedback loop or interaction among components of the 

systems (Sterman, 2000). The positive feedback loop (or reinforcing feedback loop) concerns 

the causal links which strengthen (reinforce) the values in a given direction due to positive 

 
1 This research does not follow the systems thinking’s specialised component - chaos or complexity theory 

(Kaufmann, 1995; Waldrop, 1992), which originate from the physical science and are concerned with instability, 

non-linearity and chaotic behaviour. This is because chaos and complexity theory is questioned for its application 

to soft science and organization (see full criticism in Byrne and Callaghan (2013) and Cilliers (2002)). 
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feedback, while a negative feedback loop (or self-correcting feedback loop) concerns the causal 

link which weakens the value or goes against the goal in a given direction due to negative 

feedback (David N. ford, 2019; Sterman, 2000). An interplay between positive and negative 

feedback loops results in different system behaviours including growth, decay, oscillation, and 

chaos. These behaviours, when occurring together, generate particular patterns called ‘system 

archetypes’ (Senge, 1993). Appendix C summarizes the list of system archetypes.  

The traditional five SD modelling steps include: (1) forming problem articulation (boundary 

selection); (2) formulating a dynamic hypothesis; (3) formulating a simulation model; (4) 

testing; and, (5) policy design and evaluation (Sterman, 2001). Steps (1) and (2) are referred to 

as qualitative, while steps (3) – (5) are referred to as quantitative (Wolstenholme, 1999) In (1) 

step, the researcher is set to find the problems to be addressed and determine the purpose of the 

model. The purpose of the model helps setting a model boundary, and assists the researcher 

decide what can be left out of the model. Traditionally, this is done via the researcher’s decision 

or consultation with stakeholders. Step (2) is to formulate a dynamic hypothesis by drawing a 

qualitative model to reflect the problem structure using feedback loop and delay (Sterman, 

2001). Step (3) is to formulate a simulation model based on the dynamic hypothesis using 

mathematical equations and continue to test whether the simulated behaviour reflects the actual 

behaviour as in step (4). Finally, once the model is validated, it can be used to design or evaluate 

policies in step (5).  

SD has been applied in a range of different domains such as energy (Ziemele, Gravelsins, 

Blumberga, Vigants, & Blumberga, 2016), sustainable human wellbeing (Kubiszewski, 

Costanza, Anderson, & Sutton, 2017), and complexity management (Groesser, 2017). In the 

field of tourism, the number of SD applications is limited despite the sector interacting with 

other sectors and being considered as a complex system (Sedarati et al., 2018). Among the 

limited literature, SD was mainly applied in the field of sport and recreation (Sedarati, 2015), 

with very few studies in the field of tourism accommodation (see (Antimova, Nawijn, & 

Peeters, 2012; Georgantzas, 2003). This research contributes to the lack of SD applications in 

the latter field.  

Table 6 lists an illustrative selection of research in the tourism literature that has applied SD. 

The results show that, first, some research specified stakeholder involvement (e.g. H. Chen, 

Chang, and Chen (2014); Mavrommati, Baustian, and Dreelin (2014); Peric and Djurkin 

(2014); Schianetz et al. (2009); Vugteveen, Rouwette, Stouten, Katwijk, and van Hanssen 
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(2015); Walker, Greiner, McDonald, and Lyne (1998); Xing and Dangerfield (2011); and Xu 

and Dai (2012)). Stakeholders could be useful when establishing the model objective, by 

illuminating different stakeholders’ perspectives, providing preliminary information and data, 

assessing the scenarios in which stakeholders may behave and identifying topics for further 

studies (Elias, Cavana, & Jackson, 2002). The lack of stakeholder involvement during the 

modelling process in the tourism literature raises issues concerning whether the model is 

accepted among stakeholders and, thus, the impact of the studies (Sedarati et al., 2018). This 

research addresses the methodological gap in this school of literature by involving stakeholders 

during the SD modelling process.  

Second, Table 6 shows that some research did not include the quantitative models and 

presented only the qualitative models. The qualitative model, itself, is not the complete SD 

model. Carrying out the SD studies without the development of a quantitative model can 

mislead the conclusion of system behaviour (George P. Richardson, 1986). Insights drawn from 

the qualitative model lack representation of accumulations and flows which cause system 

inertia, and lack of the ability to estimate the speed of change (G.P. Richardson, 1999). As a 

result, the assurance of policy implications drawn from qualitative analysis could be limited 

(Coyle, 2000).  

This research acknowledges the current debate concerning whether to use the qualitative model 

prior to developing the quantitative one (Homer, 2019; Martinez‐Moyano & Richardson, 

2013). However, developing the qualitative prior to quantitative model has a number of 

advantages such as engaging the stakeholders early (George P. Richardson, 1986) and 

understanding the rich picture of the studied phenomenon based on the stakeholders’ mental 

model (Lane, 2016; Sterman, 2001). The motivation to design this research’s methodology 

underlying this line of work is that modelling a qualitative SD model is more advantageous 

than directly building the quantitative model, as explained above. Hence, this research built 

and transitioned the qualitative to the quantitative model.
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Table 6. Illustrative selection summary of research that has used system dynamics in the tourism literature 

Author Application Research objectives 

Walker et al. (1998) SD (QL* and QT*) To present a work-in-progress by CSIRO to predict the tourism industry in Queensland, 

Australia.  

Georgantzas (2003) SD (QT* only) To illustrate the connectedness between tourists, hotels, travel agencies, tour operators 

and service providers to illustrate the product value chain on Cyprus. 

Honggang (2003) SD (QT* only) To illustrate the connectedness between the environment, culture, infrastructure, job 

market, tourist, financial and marketing sectors that represent mass tourism in 

Zhouzhang for better management.  

K. C. Chen (2004) SD (QL* and QT*) To illustrate the interconnectedness between infrastructure, superstructure, tourism and 

recreation resource, manpower management and visitor sectors that form a regional 

natural resourced-based tourism in the US.  

Morris, Oreszczyn, 

Blackmore, Ison, and Martin 

(2006) 

SD (QL* only) To highlight the linkage between tourism and the agricultural landscape in the UK.  

Chang, Hong, and Lee (2008) SD (QL* and QT*) To illustrate the interconnectedness between socio-economic, environment, biology, 

and management that forms coastal zone management in Taiwan.  

Schianetz et al. (2009) SD (QL* only) To illustrate a systems thinking approach into destination development for sustainable 

tourism in Australia.  

Woodside (2009) SD (QL* only) To present the usefulness of using systems thinking, causal loop diagramming and 

system dynamics modelling as a method to explore the golf course development, 

tourism and residents’ quality of life.  
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Xing and Dangerfield (2011) SD (QL* and QT*) To test different tourism policies and their impact on tourism economics on a South 

European island.  

Law, Law, De Lacy, McGrath, 

and Whitelaw (2012) 

SD (QL* and QT*) To illustrate the connectedness between economic and socio-cultural trends, GHG 

reduction, tourism market demand, and environment that forms green tourism in 

destination management in Egypt.  

Xu and Dai (2012) SD (QL* and QT*) To illustrate the interactions between the social, economic and heritage sectors and the 

tourism sustainability policies for Xidi world heritage village, China.  

H. Chen et al. (2014) SD (QL* and QT*) To illustrate the interconnectedness between socio-economic, environment, and 

management sectors to manage wetland areas for yacht tourism in Taiwan.  

Golob and Jakulin (2014) SD (QL* only) To illustrate the connectedness between event organization, staff, program and services 

to illustrate the complexity of event tourism.  

Mao, Meng, and Wang (2014) SD (QT* only) To illustrate the effects of tourism on land-use change. 

Mavrommati et al. (2014) SD (QL* only) To investigate the impact of tourism, shipping, water and land uses and ecological 

conditions in the Lark St Claire region, USA.  

Ropret, Tadeja Jere, and Likar 

(2014) 

SD (QL* only) To analyse Slovenia’s tourism development plan and innovation.  

Peric and Djurkin (2014) SD (QL* only) To illustrate the destination management approach while maintaining the interests of 

the local community in Croatia.  

J. Li, Zhang, Xu, and Jiang 

(2015) 

SD (QT* only) To illustrate the connectedness between tourism and land use sectors to illustrate the 

dynamics of tourism destination competitiveness.  
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G. Liu and Chen (2015) SD (QT* only) To illustrate the interconnectedness among economics, geography, sociology and 

tourism in the context of cultural tourism.  

Vugteveen et al. (2015) SD (QL* only) To illustrate the problem of coastal complexity. 

J. Zhang and Zhang (2015) SD (QL* and QT*) To assess the tourism sustainability of Tibet while considering 13 tourism sustainability 

indicators such as conventional tourism income, tourism resources stock, pollution, etc. 

Vetitnev, Kopyirin, and 

Kiseleva (2016) 

SD (QT* only) To forecast the income of health tourism in Russia. 

*QT = SD quantitative modelling, QL = SD qualitative modelling 
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3.3 Mixed-methods approach for Systems Thinking 

The modelling approach for systems thinking has evolved over three main waves from (1) 

modelling to reflect the reality, to (2) modelling to account relationships between society, and 

(3) a mixed-methods modelling approach. The notion about mixing methods for developing an 

SD model in this research follows the third wave of systems thinking (Jackson, 1982; Mingers, 

1980). A brief review of each stage of modelling approach is summarized here.  

The first wave of modelling approach was to represent the whole reality rather than to enhance 

problem understanding (Churchman, 1970; Zexian & Xuhui, 2010). This first modelling 

approach was criticized for: (1) developing a very large model to reflect reality; (2) modeller 

perceptions that they have a unique insight into the system, and model without involving 

stakeholders, which results in model recommendations being rejected; (3) viewing the system 

as being unproblematic, and that humans are unable to manipulate the system (Checkland, 

1999; Lleras, 1995; Rosenhead & Mingers, 2001).  

Following these criticisms, the second wave of modelling approach was created based on a 

perception that a system is not to represent the reality, but to enhance understanding of a 

problem (Ackoff, 1981; Churchman, 1970). The main contribution of the second wave to 

modelling approach was a call to reflect on the model system boundary. Churchman (1970) 

argues that the system boundary is not given by the reality and, hence, considering what to 

include or exclude from the system is important. Churchman (1970) argues, further, that as the 

system boundary is expanded, it also means those perceived as decision makers is expanded. 

As a result, the second wave of modelling approach has shifted from an objective modelling 

approach to an appreciation of different perspectives, and from an expert-led to a participant-

led modelling approach (Ackoff, 1981; Checkland, 1999; Mitroff & Mason, 1981). However, 

this second wave was criticized for not recognizing the power relationships among 

stakeholders, and that not all stakeholders feel comfortable speaking in front of others for fear 

of consequences (Jackson, 1982; Mingers, 1980). Modelling using the second approach would 

result in a model that reflects only the viewpoint of the authority holder.  

Following this criticism, the third wave, which is adopted in this research, calls for 

methodological pluralism to be developed in the modelling approach. The third wave argues 

that no methodology or method (whether it is traditionally from systems thinking or otherwise) 



47 

 

can address a complicated phenomenon. Therefore, modellers must be able to draw on multiple 

methods from different paradigms to enhance the model (Flood, 2013; Gregory, 1996; Jackson, 

1987a; Midgley, 2001; Mingers & Gill, 1997). This third wave modelling approach is deemed 

appropriate for this research because, as shown in Chapter 2, the phenomenon comprises of 

several stakeholders, and the process of SD modelling can be more robust by including other 

methods. 

3.3.1 Mixed-methods modelling perspective: Creative design of method 

The perspective of methodological pluralism for the systems thinking approach taken in this 

research is the creative design of method by Midgley (1997a).  Midgley (1997a) argues that 

most studied phenomena are complex and, hence, warrant a mixed methods approach. 

Therefore, the research phenomenon should be viewed as a series of research questions, each 

of which deserve different (or parts of) methods. Unlike other mixed methods perspectives for 

systems thinking (see Table 7), Midgley perceives that each research phenomenon is unique 

and multilayered (or several research questions), thus his approach did not provide a strict 

framework for mixing methods, thereby leaving the authority to the researcher’s justification 

(Midgley, 2001). Regarding the philosophical underpinning of the creative design of method, 

Midgley (2001) does not have a set paradigm, or worldview (Churchil, 1979), and lets the 

authority fall to the researcher. This is because despite researchers being free to choose a 

method, we are unavoidably selective (based on the individual’s underlying paradigm) and 

unaware of all the available methods (Midgley, 1997b). Table 7 summarizes other mixed 

methods perspectives for the systems approach and their inapplicability to this research.
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Table 7. Mixing-method perspectives for systems thinking. 

Mixing-method 

perspectives 

Reference Descriptions Areas of application Justification for not applying to this 

research 

The system of 

systems 

methodologies 

(SSM) 

Jackson and Keys 

(1984) 

SSM requires researchers to 

determine whether the 

research phenomenon is 

complex or simple; and 

whether the decision makers 

can agree or disagree on the 

common goal. SSM offers 

methods based on each 

combination.  

International space 

management (Wenger, 

Antoniev, & Gorod, 

2013); infrastructure 

development (Moloney, 

Fitzgibbon, & McKeogh, 

2017) 

The combination between research complexity 

and the agreeability between stakeholder 

freeze the interpretation of such a method, and 

that alternative interpretation is discouraged 

(Flood & Romm, 1995; Gregory, 1996). 

In the RET and hotel sector context, the 

problem is complex and includes multi-

dimensional interactions warranting a different 

approach. Thus, concentrating on fitting the 

problem into a discrete type may overlook 

other important factors such as researchers’ 

relationships to the problems, the 

characteristics of the problems, the type of 

required outcome, and the nature of power 

structure (Mingers, 1993).  

Total systems 

intervention (TSI) 

Flood and Jackson 

(1991) 

A meta-methodology builds 

around concepts of creativity 

about the research 

phenomenon, choice of 

method, and implementation 

to produce change. These 

three concepts repeat after 

every research question. 

IT adoption in 

organizations (Jokonya, 

2016); project 

management (Rwelamila 

& Hall, 1995) 

TSI embraces the ‘paradigm 

incommensurability’ that no paradigm is 

suitable to reflect a research phenomenon and 

that researchers are unable to shift between 

paradigms when adopting a different method. 

TSI’s paradigm incommensurability was 

criticized for creating a new paradigm that 

attempts to be beyond any other paradigm and 

be unquestionable (Gregory, 1996; Midgley, 

1992). 

In this research, the four research questions 

were connected and formed in a cascade 
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fashion. Therefore, repeating the method for 

each research question may interupt the 

research results.  

Critical 

appreciation 

Gregory (1996) Promotes researchers to 

develop their own methods 

but based on the theory of 

critical appreciation’s four 

dimensions (one’s 

experiment, observation, 

communication with others, 

and reflection on own 

assumption). 

Unable to locate No criticism about Gregory’s critical 

appreciation can be found in the systems 

literature. This perspective was not applied in 

this research because of lack application in 

research, other than Gregory (1996).  
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3.3.2 Worldview: pragmatism 

The philosophical assumption, or paradigm, that underlies this research’s mixed-methods 

perspective is pragmatism. The pragmatic paradigm perceives that a single method is incapable 

of accessing the ‘truth’ of the world, and that researchers must select the most appropriate 

method for the research phenomenon (Plano Clark & Creswell, 2008). The focus of the 

pragmatic worldview is on the consequences of research and research questions rather than the 

method (Creswell & Plano Clark, 2018). The researcher adopted a non-singular reality 

ontology (the nature of reality) and perceived that there is no single reality, that there may be a 

single or multiple operating theories to explain the research phenomenon, and that each 

individual has his/her own interpretation of reality (Creswell, 2012; Creswell & Plano Clark, 

2018). Epistemology of this research, or how researcher acquire the knowledge, is practical 

reflecting on researcher collects data by what works to address the research questions (Creswell 

& Plano Clark, 2018). The researcher’s axiology, or role of value, is multiple stances which 

include both biased and unbiased perspectives into this research (Creswell & Plano Clark, 

2018). This is because the pragmatic view holds that the explanations and their validations are 

context-bound and serve only a description to the research phenomenon (Faye, 2007). Finally, 

the rhetoric or language employed in this research (Creswell & Plano Clark, 2018; Crotty, 

1998), is both a formal style of writing.  

Selecting pragmatism for systems thinking is by no means to avoid the philosophical 

conversation as criticized by Jackson (1987b). Instead, the researcher agrees with Midgley 

(2000), that a philosophy and a good theory should have practical relevance and implications. 

Following Midgley (2000) argument, engaging in an applied philosophy such as pragmatism 

is a moral choice in which the researcher’s focus is on intervening in the system and calling for 

a changed action, while the methodology is simply a vehicle to express such ideas. Selecting 

pragmatism for this research is not an excuse to select any methods that ‘work’ in practice but, 

rather, interrogating the meaning if such a method works. Table 8 summarizes paradigms used 

for systems thinking. Paradigm incommensurability, or assuming that no paradigm exists 

within researchers, was not selected for this research because it was criticized as being an 

unquestionable paradigm. Other paradigms were not selected because they disapprove of 

mixed-methods other than SD modelling. As Chapter 2 has identified multiple agents related 

to RET adoption in the hotel sector (i.e. hoteliers, tourists, technology, policy and the 

environment), the agents bring with them their knowledge and research boundary. The 
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interaction among these agents then forms a knowledge boundary applicable to the local 

context. Thus, to illuminate the system complexity among agents, drawing upon multiple 

methodologies becomes philosophically justifiable. This research does not criticize the merits 

of other paradigms but, rather, maintains the relevance of the position of pragmatism as an 

important assumption for this research. 
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Table 8. Summary of paradigms for system dynamics modelling. 

Modelling 

approach 

Paradigm Reference Definition Disadvantage 

Mixed-

methods 

Paradigm 

incommensurab

ility 

Flood and Jackson (1991) Originates from the Total 

Systems Intervention (TSI), 

paradigm incommensurability 

assumes that no paradigm is 

suitable to reflect a research 

phenomenon. Researchers who 

adopt a mixed-methods approach 

are questioned whether they can 

truly shift between different 

paradigms while adopting a 

different method. 

TSI’s paradigm incommensurability was 

criticized for creating a new paradigm that 

attempts to be beyond any other paradigms 

and be unquestionable (Gregory, 1996; 

Midgley, 1992). 

Mixed-

methods 

Pragmatism Midgley (2000) Pragmatism paradigm assumes 

that because everything is 

connected to everything else. 

Therefore, no existing 

methodology or set of methods 

can equip the researcher 

conducting a systems research 

project. This is because there are 

limitations associated with 

methodology and its associated 

tools (Jackson & Keys, 1984; 

Midgley, 2000) 

Hunt (1994) cautions that "anything-goes" 

notion is as naive as using a single or narrow 

set of methods. Midgley (2011) argues that a 

researcher should select methodology and 

method based on its merit to give an insight 

into the studied agency and system 

structure.  

 

Justification for the selected methods is 

discussed in the following section.  
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SDM as 

single 

approach. 

View QT 

model as 

valid only. 

Falsificationism Popper (1968) Falsificationism claims that 

science can only be advanced 

through hypothesis testing and 

falsifying, given rise to a new 

hypothesis (Popper, 1968). 

Falsification, deviates from post-

positivism assuming the 

objective truth and inductivity 

epistemology (Denzin & 

Lincoln, 2008). Popper’s 

falsificationism authorizes the 

model as a test point to solve 

problems (Bell & Senge, 1980).  

Falsificationism is criticized for demanding 

a single method for all scientific knowledge 

(Vázquez, Liz, & Aracil, 1996). 

 

The application for falsification in systems 

modelling is limited because the modelling 

process is informal, has qualitative model 

validation procedures, and thus is not truly 

scientific.  

SDM as 

single 

approach. 

Model is only 

valid when it 

is 

qualitatively 

judged to be 

so. 

Relativism Barlas and Carpenter 

(1990) 

Relativism assumes that 

reconstructing a history is 

impossible, and that no 

experiment or report can falsify 

previous knowledge, but only be 

added on (Lakatos, 1979). 

Relativism rejects all epistemology and 

philosophy of science, thus silencing the 

justification for the model building process 

(Vázquez et al., 1996). Based on relativism, 

the modelling process would be based on 

nothing more than the researcher’s and 

participants’ interests. However, such 

interests change over time during the 

modelling process and hinder the usefulness 

and validity of the SD model (Vázquez et al., 

1996). 
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SDM as 

single 

approach. 

Model is only 

valid when it 

is 

qualitatively 

judged to be 

so. 

Internal realism Vázquez and Manuel 

(2007) 

Allows researchers to realize, 

explain, and understand 

phenomena even if no single 

model is able to capture the 

reality, no mathematical 

restriction is better selected or 

justified than others as long as it 

generates the same empirical 

system behaviour (D. H. 

Meadows, 1980). 

No criticism found in the literature 

SDM as 

single 

approach. 

Model is only 

valid when it 

is 

qualitatively 

judged to be 

so. 

The 

combination 

between 

Searle’s 

Constructivism 

and Brandom’s 

Expressivism 

Vázquez and Manuel 

(2007) 

Searle’s Constructivism asserts 

that social reality is the collective 

reduction of activities in the 

society, not from a single agent 

(Fotion, 2000). Brandom’s 

Expressivism exerts that human 

thoughts derive from 

representational features such as 

languages and symbols 

(Brandom, 1994). By combining 

both foundations, the SD model 

reflects the researcher’s 

subjective reality, could not be 

reduced to the basic form of 

theory, and explains the reality in 

computer model form without 

using the formal language 

(Vázquez & Manuel, 2007). 

No criticism found in the literature 
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3.4 Brief modelling process of this research 

This research explores the impact of RE uptake in the hotel sector in Queensland, Australia by 

using SD modelling. Based on the pragmatism paradigm and creative design of method, this 

research method contributes to the traditional five SD-modelling steps by integrating a mixed-

methods approach to address limitations in the traditional steps (1) and (2). This research argues 

that the traditional (1) step of problem articulation does not outline clearly when to draw an SD 

model boundary; and the traditional binomial variable classification (either endo/exogenous) 

has a limited interpretation. This research further argues that the traditional (2) step of 

formulating a dynamic hypothesis has a limited understanding of role and displayed 

interrelationships. The full explanations of these limitations and the proposed methods to 

address them are published in Dhirasasna & Sahin (2019), and is attached in Chapter 4.  

The mixed methods used in this research address its four research questions. The detailed 

description of these methods can be found in the subsequent chapters as indicated. In sum, this 

research conducted a systematic quantitative literature review to identify relevant variables to 

RET adoption in the hotel sector (see Chapter 2). Then, the structural analysis, MICMAC, was 

applied to examine the roles and relationships of the identified variables. Based on the 

MICMAC results and stakeholder inputs, this research develops the qualitative SD model using 

causal loop diagramming (CLD) (see Chapter 4). The system behaviours of the developed CLD 

was then interpreted using the system archetypes (see Chapter 5). The qualitative SD model 

was then turned into a quantitative model, and its results can be found in Chapter 6  

https://doi.org/10.3390/systems7030042
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CHAPTER 4 

Implications of RET Adoption Decisions in the Hotel Sector 

The previous method chapter provided an overview of the systems thinking approach using a 

mixed-methods and pragmatism worldview. It reported that the traditional SD modelling steps 

have some limitations including unclear model boundary, limited variable classification, and 

limited variable role and relationship displays. Chapter 4 follows on by discussing the proposed 

mixed-methods to address these limitations. The results of these methods also address the 

second research question, “What are the implications of RET adoption decisions in hotels?”.  

This chapter has been published in the Systems Journal and has been formatted to that Journal’s 

style. The citation is as follows:  

Dhirasasna, N. & Sahin, O. (2019). A multi-methodology approach to creating a causal loop 

diagram, Systems, 7(42), 1-36. https://doi.org/10.3390/systems7030042 

The co-author of this manuscript is my thesis supervisor, Dr Oz Sahin. My (Kanokwan NiNa 

Dhirasasna) contribution to the manuscript involved: initial concept, data collection and 

analysis and preparation of the manuscript.

https://doi.org/10.3390/systems7030042
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A Multi-Methodology Approach to Creating a Causal Loop Diagram 

Developing causal loop diagrams (CLDs) involves identifying stakeholders and 

endogenous variables and formulating variable causal relationships. Traditionally, the 

CLDs are developed mainly using a qualitative approach such as literature review, 

observations and interviews with stakeholders. However, modellers may question which 

stakeholders should be approached, whether the relevant variables are selected, and what 

to do when stakeholders perceive different variable relationships in the CLDs differently. 

Applying in a case study, this research proposes a multi-method approach by combining 

both quantitative and qualitative methods to select stakeholders, identify 

endogenous/exogenous variables, and develop the CLDs. The proposed quantitative 

method is expected to provide modellers with a justifiable stakeholder and variable 

selection process. The method also highlights possible hidden variables and 

relationships, which were further explored with a traditional qualitative approach. 

Keywords: causal loop diagram; multi-methodology approach; structural analysis 

4.1 Introduction 

The systems thinking approach is a research lens that follows a holistic worldview and non-

linear system behaviour over time (Richmond, 1994). Using this method, researchers can 

demonstrate system connectivity through modelling, and illustrate system behaviours of 

different scenarios (Donella H. Meadows & Wright, 2008; Richmond, 1994; Sterman, 2000). 

The modelling process includes turning a qualitative conceptual model into a final quantitative 

simulation (Wolstenholme, 1994, 1999). Experts and stakeholders are crucial to illuminating 

variable relationships in the system under investigation (D.N. Ford & Sterman, 1998). This 

research focuses on developing a qualitative conceptual model using causal loop diagrams 

(CLDs). 

CLDs map the hypotheses of system structures by linking causal relationships between 

variables (Sterman, 2000). The easy-to-view CLDs help to engage stakeholders during the 

modelling process and facilitate their mind maps (Lane, 2016). CLDs are not the final 

simulation and are not a mandatory part of the system dynamics modelling process (Martinez‐
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Moyano & Richardson, 2013). However, the CLDs allow a smoother transition to the final 

quantitative stock-and-flow diagrams used in simulation (Abdelbari & Shafi, 2017). 

Developing the CLDs involves identifying stakeholders and endogenous variables, and 

formulating variable causal relationships (Sterman, 2000). Modellers collect, refine and 

revalidate data multiple times using a mainly qualitative approach including literature reviews, 

observations, interviews, and consultations with stakeholders (D.N. Ford & Sterman, 1998). 

These traditional CLDs developed with stakeholders (Martinez‐Moyano & Richardson, 2013) 

limit researchers to the qualitative approach. This research contends that the paradigm is a 

world view (Creswell, 2003) which, by default, can illuminate certain phenomena while 

concealing other paradigms (Tashakkori & Teddle, 2003). Thus, combining the qualitative and 

quantitative approaches will complement different system aspects and deepen the modellers’ 

understanding and interpretation (Greene, 2007). This research adopts the multimethodological 

approach for a systems modelling, which favours more than one methodology from different 

paradigms to examine an intervention more effectively (Flood, 2013; Gregory, 1996; Jackson, 

1987a; Midgley, 2001; Mingers, 1997). 

We recommend integrating quantitative methods including stakeholder identification, a 

systematic quantitative literature review, and a structural-analysis MICMAC (Impact Matrix 

Cross-Reference Multiplication Applied to a Classification), with qualitative methods 

including the modeller’s judgement or revalidation with stakeholders. This research contributes 

to the multi-methodology approach from different paradigms in complex settings (Mingers, 

1997). The next section reviews the CLDs developing process and limitations. Section 4.3 

presents the proposed multi-methodology. Section 4.4 applies the methods to a case study and 

compares the result with relationships obtained from the literature. Section 4.5 concludes and 

suggests further work.  
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4.2 CLDs Developing Process 

Developing the CLDs incorporates two steps: Problem articulation and formulation of dynamic 

hypothesis (Sterman, 2000). 

4.2.1 Step 1: Problem Articulation 

Step 1: In problem articulation, modellers identify research problems and key variables or 

concepts (Sterman, 2000). Problem articulation is also called ‘conceptualisation’ (Randers, 

1980), and ‘problem identification and definition’ (George P. Richardson & Pugh, 1981). 

Common practices to articulate problems are client interview, stakeholder engagement and data 

collection (Martinez‐Moyano & Richardson, 2013; Sterman, 2000). This section focuses on 

traditional stakeholder and variable identification, and its limitations. 

First, stakeholders are human entities, as individuals, groups or organisations; non-human 

entities include the environment; and mental constructs such as the respect for the past 

generation and the future generation’s well-being (Freeman, 1984; Reed et al., 2009; Starik, 

1995). In the system modelling process, stakeholders provide knowledge, develop the actual 

model, interpret the results, and/or create the alternate policies (Gaddis, Vladich, & Voinov, 

2007; Pretty, 1995; Voinov & Bousquet, 2010). Modellers can involve a group of stakeholders 

to build a conceptual model (Andersen, Richardson, & Vennix, 1997), joint individual 

stakeholder’s models (van den Belt et al., 2012), or record stakeholder interactions in a 

simulation (Voinov & Bousquet, 2010). The review of stakeholder participation in the 

modelling process can be found in Lynam, de Jong, Shell, Kusumanto, and Evans (2007.), 

Renger, Kolshoten, and De Vreede (2008) and Voinov and Bousquet (2010). 

This research argues that despite a vast literature on stakeholder and modelling processes, the 

fundamental questions of ‘who’s in’ and ‘why’ are not explicit and remain a difficult issue in 

the systems’ thinking literature (Voinov & Bousquet, 2010). Modellers often select 

stakeholders on an ad hoc basis, simply because they hold a ‘stake’ in research problems or 

ignore them all together (Reed et al., 2009; Renger et al., 2008). Unclear and unjustifiable 

stakeholder lists may hinder result acceptance, model boundary, and system perception 

(Churchman, 1970; Rosenhead & Mingers, 2001). 

This research does not argue why stakeholders are important, because the reasons vary 

according to a modeller’s stakeholder theories. Examples of stakeholder theories are: 
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Perceiving stakeholders as an instrument to understand phenomenon versus as a ‘right thing to 

include them’ (Jones, Felps, & Bigley, 2007); judging which stakeholders are more important 

versus avoiding this altogether; or focusing on the organisation’s interests versus engaging 

stakeholders (de Gooyert, Rouwette, van Kranenburg, & Freeman, 2017). This research simply 

calls for articulating which stakeholders are omitted. Thus, this research suggests a structured 

stakeholder identification method to illuminate who’s in and who’s omitted at Step 1: Problem 

articulation. 

Following creating a stakeholder list, modellers identify relevant variables to serve as a model 

boundary (Sterman, 2000). Compiling variables reflects a modeller’s two epistemologies, both 

have their own limitations. Should modellers assume an objective epistemology that human 

knowledge reflects the reality, then the modellers’ knowledge is sufficient and does not involve 

stakeholders (B. Williams & Imam). However, modellers with the objective epistemology may 

sweep-in many variables and create a large model to reflect reality rather than the problem 

(Churchman, 1970; Jones et al., 2007). On the other hand, should modellers assume a 

subjective epistemology that humans construct the realities, then modellers would appreciate 

different perspectives and engage stakeholders (B. Williams & Imam). 

Compiling a variable glossary with stakeholders depends on ‘who’s in’ because pushing out a 

stakeholder list impacts how the system is perceived and which variables should be included 

(Churchman, 1970). However, extracting variables from stakeholders depends on the success 

of the stakeholder engagement. A structured group model building (GBM) facilitator is 

instructed to ask stakeholders, “What are the key variables affecting the process and outcomes 

of the (project name) project?”, and write on the whiteboard (Andersen et al., 1997). Yet two 

GBM case studies found that eliciting variables are subject to the stakeholder’s organisation’s 

culture, stakeholder personalities, and the problem dynamics (George P. Richardson & 

Anderson, 1995). This research suggests integrating a systematic quantitative literature review 

to quantify and justify a variable list. The list can be expanded when engaging stakeholders. 

4.2.2 Step 2: Formulating a Dynamic Hypothesis 

Step 2: Formulating a dynamic hypothesis aims to explain the problem dynamics (Sterman, 

2000). Formulating a dynamic hypothesis is referred to as ‘conceptualisation’ in Randers 

(1980), and ‘system conceptualisation’ in George P. Richardson and Pugh (1981). Developing 

a dynamic hypothesis process includes: (1) Identifying endogenous variables, and (2) mapping 
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system structures using CLD (Sterman, 2000). This section focuses on the limitations of 

variable classifications such as endogenous/exogenous, and the CLD developing process. 

First, modellers and/or stakeholders must identify variables into endogenous (arising from 

within) and exogenous variables (beyond the system) (Sterman, 2000). Exogenous variables 

are important considerations to understanding a system, however, do not have important 

feedback compared to endogenous variables. Otherwise, they should be considered as 

endogenous variables and the model boundary must be expanded (Sterman, 2000). Incorrectly 

identified endogenous variables will result in narrow boundaries and a limited ability to 

propose solutions (Inam et al., 2017; Wong, McGregor, Mior, & Loisel, 2014). Despite the 

importance of variable classifications, how variables are classified as endogenous or exogenous 

is unclear and depends on the stakeholders’ and modellers’ interpretations. This leads us back 

to ‘who’-the-stakeholders-are argument. Furthermore, the endo/exogenous variable 

classifications are binomial and lead a modeller to focus on what lies within the model. The 

endo/exogenous classification does not discriminate the different degrees of variability that 

may arise within or beyond the model boundary. Such a classification could portray the 

importance or otherwise of variables in the decision-making process, and their opportunity to 

manipulate the system. However, our world is entangled with overlapped or embedded 

systems. Therefore, modellers must look inside, between and outside the system boundary (D. 

Williams, 2002). 

After identifying endogenous variables, modellers map the system structure to communicate 

the model boundary and causal relationships between variables (Sterman, 2000). Mapping 

tools are model boundary diagrams, subsystem diagrams, CLDs, stock-and-flow maps, and 

policy structure diagrams, some of which have not been adopted in recent literature (Sterman, 

2000). This research focuses on CLDs. The CLDs comprise variables connected with arrows 

representing causal relationships. Each arrow is assigned with ‘+’ or ‘s’ for a relationship that 

moves in the same direction (i.e., if A increases, then B increases and vice versa); with ‘-‘or 

‘o’ for the opposite direction (i.e., if A increases, then B decreases and vice versa); and with 

‘//’ for the delay impact (Sterman, 2000). If the relationships can be traced back to the starting 

variable and form a feedback loop, then the loop is called either a reinforcing loop (for a loop 

that causes exponential growth/decay, denoted with ‘R’) or a balancing loop (for a loop that 
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stabilises behaviour over time, denoted with ‘B’) (Sterman, 2000). The R and B denotations 

appear in a for loops that read anti-clockwise, and in for loops that read clockwise. 

Modellers develop, refine, and revalidate CLDs several times through literature review, 

observation, interview, questionnaire and consultation (Sterman, 2000). This research argues 

that the CLDs development process and its visualisation has some limitations. For example, 

the CLDs’ drawing process relies on existing literature or on qualitative stakeholders/experts 

knowledge (Sterman, 2000), posing challenges on emerging research topics. Some literature 

may explore heavily using a linear approach, or lightly, if at all, on emerging topics. Thus, 

solely relying on the literature may not equip modellers with the knowledge to interview 

stakeholders (Minard Jr., 1997). Another example is that the CLDs’ drawing process does not 

describe how to manage different stakeholders’ perceived causal relationships (George P. 

Richardson, 1986). As systems thinking contends that “everything is connected to everything 

else” (Sterman, 2001), all variables in CLDs could be inter-related with arrows should all the 

stakeholders’ opinions be considered. In addition, a consensus among stakeholders about 

variable relationships may reflect invisible conflict and marginalisation (Midgley, 2000). 

Finally, CLDs lack an explicit decision-making process, because they portray the system 

structure as several connected feedback loops (Morecroft, 1982). Upon viewing CLDs, one 

cannot simply identify where the decisions start or what information is important to decision 

makers (Morecroft, 1982). The ability to capture such decision-making processes is crucial to 

understanding the operational policies and how internal information is used (Mass, 1986). 

Given the limitation of binomial variable classifications and the CLDs’ developing process, 

this research suggests the integration of a structural-analysis MICMAC method to expand the 

variable categories, illuminate causal relationships, and deal with causal relationship 

discrepancies. CLDs produced using this method are expected to assist modellers for further 

discussion with stakeholders. 

4.3 Multi-Methodology Approach for CLDs’ Development 

This research acknowledges a current debate on paradigm incommensurability and the multi-

methodology approach. On the one hand, different paradigms cannot be merged because the 

underlying assumption about objective/subjective ontologies and epistemologies are 

irreconcilable (Mingers, 1997). On the other hand, the separation of paradigms is questioned 

altogether and the pluralist view is recommended to elucidate phenomena (Gioia & Pitre, 
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1990). This research follows the latter school of thought. See (Barlas & Carpenter, 1990; 

Vázquez et al., 1996) for discussion on paradigms for systems’ thinking. 

This research combines the quantitative and qualitative approaches sequentially. Quantitative 

results provide modellers with pre-conceptual knowledge. Such knowledge will assist 

modellers to guide the dialogue during the qualitative approach (Luis Felipe & Deborah Lines, 

2003). Table 9 summarises the multi-methodology approach for the CLDs’ development 

proposed by this research.
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 Table 9. The multi-methodology approach for causal loop diagrams (CLDs) development proposed by this research. 

Step (1) Problem Articulation 

1.1 Identifying 

stakeholders 

Clients/modellers gather 

stakeholder lists (QL*). 

→ Use the stakeholder identification method (SI) to 

organise stakeholders based on their roles (affect, 

being affected, or both) and the degree of their 

roles (most, moderate, least) (QL*). 

→ Clients/modellers select 

stakeholders (QL*). 

1.2 Identifying 

relevant variables 

Modellers gather variables 

using the systematic 

quantitative literature review 

(SQLR) (QT*). 

→ Clients/stakeholders review/amend variable list 

(QL*). 

  

Step (2) Formulating Dynamic Hypothesis 

2.1 Identifying 

endo/exogenous 

variables 

Stakeholders complete a 

structural-analysis 

MICMAC matrix 

(MICMAC) (QT*). 

→ Use the direct influence and dependence chart to 

identify endo/exogenous variables (QT*). 

→ Clients/stakeholders 

review/amend variables and 

their relationships in the CLDs 

(QL*). 2.2 Mapping the 

system structure 

using CLD 

→ Use the displacement map and the direct and 

indirect influence graphs to understand the 

possible hidden variables and relationships; and 

use them as a reference for drawing CLDs (QT*). 

* QL = Qualitative approach, QT = Quantitative approach.



65 

 

4.3.1 Step 1: Problem Articulation 

4.3.1.1 A Stakeholder Identification (SI) 

This research proposes SI to show ‘who’s in’ and who is omitted. SI (Chevalier & Buckles, 

2008) allows modellers to identify stakeholders through experts, other stakeholders, 

announcements, population records or census, oral or written accounts of major events, or using 

Chevalier and Buckles (2008)’s suggested stakeholders. Modellers can group stakeholders if 

the list is too long. Then, modellers sort stakeholders on a rainbow diagram by whether 

stakeholders can (1) ‘affect’, (2) ‘are affected by’, or (3) ‘affect and are affected by’ the 

phenomenon; by their role degrees of ‘most’, ‘moderate’ or ‘least’ (Figure 8). 

The clear stakeholder division based on their roles and role degree are flexible according to the 

stakeholder theories modellers may hold. For example, working on an environmental pollution, 

modellers may adopt an inclusive perspective and include all stakeholders in the diagram based 

on moral ground. If the research objective concerns the effectiveness of a given project, then 

stakeholders who ‘most’ and ‘moderately’ affect the project function should be included 

(Grimble & Chan, 1995). In both cases, SI illuminates which stakeholders are in/excluded with 

justifications. SI is limited to the subjective stakeholder selection of experts and modellers. 

Using several experts or multiple sources can minimise, but not completely eliminate such 

biases. 

Other stakeholder identification methods in systems thinking exist. Vennix (1996) 

recommends including stakeholders who can implement the decisions. Yet the process for 

identifying those stakeholders is rather superficial and lacks detail (Müller, Groesser, & Ulli-

Beer, 2012). Müller et al. (2012) propose the four-phase stakeholder identification with a 

distinction between actors, experts and agents. However, their method is based on the inclusive 
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perspective stakeholder theory and is not suitable for research adopting other stakeholder 

theories (Müller et al., 2012). 

 

Figure 8 Stakeholder identification method’s rainbow diagram. Source Chevalier and Buckles 

(2008). 

4.3.1.2 Systematic Quantitative Literature Review (SQLR) 

This research proposes SQLR to create a quantifiable variable list. SQLR (Pickering et al., 

2015) allows modellers to assess and select literature systematically based on preset-inclusion 

criteria such as search keywords, databases, publication years, manuscript types, etc. 

SQLR is flexible with a modeller’s epistemology. Should stakeholders be excluded, the 

variable list is a quantifiable and justifiable literature scope (Healey & Healey, 2010). Should 

stakeholders be included, they can review and amend the variable list. SQLR is useful for the 

novice researcher and on an emerging topic (Pickering & Byrne, 2013). However, SQLR limits 

the inclusion criteria leading modellers to search only relevant literature. This bias can be 

minimised by expanding the inclusion criteria and engaging stakeholders for they too have a 

mental database (Mitchell, Agle, & Wood, 1997). 

Other literature review methods are the narrative method and Cochrane review’s meta-analysis. 

With the narrative method, modellers read relevant literature as much as possible. However, 

selecting ‘relevant’ literature is highly subjective and relies on a modeller’s expertise 

(Borenstein et al., 2009). The Cochrane review’s meta-analysis requires an expert team to 

weight the literature based on the methodology, sample size and effect size (Petticrew & 

Roberts, 2009). However, meta-analysis is inadequate for the sole modeller or small research 

team, and for an emerging topic with limited data (Pickering & Byrne, 2013). Thus, because 
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Step 1 evaluates the breadth rather than the depth of the research, SQLR has an advantage over 

a meta-analysis. 

4.3.2 Step 2: Formulating a Dynamic Hypothesis 

Structural-Analysis MICMAC 

This research integrates a structural-analysis MICMAC to identify endogenous variables and 

develop the CLDs quantitatively. MICMAC determines variable roles and their direct and 

indirect influence/dependence specified by stakeholders (Godet, 1990). The MICMAC process 

(Godet, 1990) includes: (1) Identifying relevant variables recommended under 80 variables for 

the presentation purpose; (2) arranging variables into a matrix in a horizon and vertical lines; 

(3) asking experts to rate a direct relationship between variables from zero (no influence), one 

(weak influence), two (moderate influence), and three (strong influence) line by line. Arcade, 

Godet, Meunier, and Roubelat (1999) recommends that stakeholders fill in the matrix together 

in seminars spread over three to six months. See the algorithm behind MICMAC in Saxena, 

Sushil, and Vrat (1990). 

The MICMAC variable role analysis helps modellers quantify their endo/exogenous variable 

selection. MICMAC produces the direct influence and dependence chart and positions each 

variable in a quadrant based on its direct relationship. MICMAC sorts variables into four main 

and five sub-categories. These categories are: (1) Determinant variable, which is very 

influential with little dependence and can act on the system. Included in determinant variables 

are (1.1) environmental variable, which conditions the system and cannot be controlled; (2) 

relay variable, which is very influential and very dependent. Included in relay variables are: 

(2.1) Stake variable, that is the ‘potential breakpoint of the system’ or has a strong influence 

on the system; (2.2) target variable, that is more dependent than influent but influences the 

system if conducted in a desirable way; (3) depending variable, that is the system result, little 

influent, very dependent, and sensitive to the determinant and relay variable changes; (4) 

autonomous variable, that is incapable of changing the system or benefits from such change. 

Among the autonomous variables are: (4.1) Secondary lever that is more influent than 

dependent and is the possible secondary system actor; and (4.2) Disconnected variable whose 

origin is excluded from the studied system (Arcade et al., 1999). This research contends that 

the autonomous category, particularly the disconnected variable, is equivalent to the traditional 

exogenous variable. Thus, MICMAC quantifies the exogenous variable justification. This 
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research recommends triangulating decisions to exclude any variables with stakeholders. In 

addition, different variable roles may illuminate where the decision starts in the system, hence, 

enhance the CLDs’ visualisation. 

MICMAC also produces a displacement map displaying changes in variable roles under 

indirect relationships. Changes in variable roles may indicate possible hidden influential 

variables through the feedback loop. This displacement map is based on MICMAC’s principle 

that if A directly influences B, and B directly influences C then changes in A would influence 

C. Thus, A and C have an indirect relationship which is hidden in the direct influence and 

dependence chart above (Sharma, Gupta, & Gupta, 1994). Research shows that 20% of 

variables would change their categories under indirect relationships, a result considered to be 

important (Duperrin & Godet, 1973). Modellers should explore the hidden variables with 

stakeholders. 

The MICMAC direct and indirect relationship analysis helps modellers develop the CLDs. 

MICMAC produces the direct and indirect influence graph, illustrating weak, moderate, or 

strong variable relationships indicated by stakeholders. Modellers may refer to these 

relationships when drawing the CLDs. Relationships indicated by MICMAC are provisional, 

unclear whether they are negative or positive relationships, and need validation with 

stakeholders. Yet, this research contends that variable relationships could be numerous and 

missed without the help of computers. 

The MICMAC results limit the subject choice of stakeholders. This bias can be minimised by 

using a diverse stakeholder group (Arcade et al., 1999). However, stakeholder consensus could 

represent a mistake as a group or the silence of the minority (Arcade et al., 1999). Time 

consumption to complete the matrix is another limitation. Arcade et al. (1999) recommends 

organising a two to three-day seminar for 70 variables. 

Other structural-analysis approaches exist that could conceptualise the CLDs. Among these, 

the interactive cross impact simulation (INTERAX) and trend impact analysis (TIA) are more 

well-known (Amer, Daim, & Jetter, 2013). INTERAX requires numerous experts to analyse 

and develop alternative future scenario databases and strategies, sometimes up to 100 events 

with 50 trend forecasts (Enzer, 1980; Huss & Honton, 1987). Thus, INTERAX is expensive 

and difficult to use (Amer et al., 2013). TIA times future events and their impacts by combining 

historical data and expert identified probabilities (Bradfield, Wright, Burt, Cairns, & Van Der 
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Heijden, 2005). However, TIA is inappropriate when historical data are unavailable or 

unreliable (Amer et al., 2013). The previous effort to combine MICMAC and CLD can be 

found in Onyango, Sahin, Awiti, Chu, and Mackey (2016), Suprun, Sahin, Stewart, and 

Panuwatwanich (2016); Sahin, Richards, and Sano (2013), and Torres and Olaya (2010). This 

present research provides the justification for combining MICMAC and CLD. 

4.4 Application in a Case Study 

We demonstrate the multi-methodology approach on renewable energy technology (RET) 

adoption as a case study in the hotel sector in Queensland, Australia. We focus on the 

application of the multi-methodology approach and its contribution to the CLDs’ development. 

The explanations and interpretation of the social, economic and environmental impact of RET 

are beyond the scope of this paper. Other research that has applied the multi-methodology 

approach to develop a final quantitative model on renewable energy exist such as Ahmadian 

(2008), Mutingi (2013) and Pereira and Saraiva (2011). However, discussing them is beyond 

the scope of this paper. 

Australia is the world’s 15th largest greenhouse gases (GHG) emitter mainly from burning 

fossil fuel for electricity (Friedrich, Ge, & Pickens, 2017). As per the Paris Agreement, 

Australia is committed to reducing its emissions by 26%–28% below the 2005 level by 2030 

(Australian Government, 2018). Promoting the RET adoption is one of Australia’s strategies 

to mitigate GHG emission (IPCC, 2014). The Australian government requires its electricity 

sector to source 20% of the power from renewable energy resources by 2020 (Australian 

Government, n.d.-b). Aided by some incentive policies such as Feed-in Tariff and large-scale 

RET investment funds (ARENA, 2017b), the national renewable energy production level has 

increased by 12% in 2016–2017, accounting for 16% of the total electricity production 

Australia-wide (Department of the Environment and Energy, 2017a, 2018). However, at the 

state level, Queensland has the lowest share of electricity generated by RET at 7% when 

compared with other states (Tasmania (87%), Southern Australia (43%), Victoria (14%), 

Western Australia (8%), and New South Wales (13%)) (Department of the Environment and 

Energy, 2018). Queensland remains the largest emitter of the states/territories produced mainly 
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by the coal-fired electricity sector (QREEP, 2016). Queensland needs to do more to assist 

Australia to meet the nation’s emissions target. 

This research proposes that the hotel sector in Queensland has the potential to reduce emissions 

by adopting RET. This is because the hotel sector is one of the biggest electricity consumers 

among commercial buildings, spending approximately 10% of their budget on energy to 

provide 24-h services such as air-conditioning, space and water heating, lighting, lifts, and 

kitchen equipment (Becken, 2013; Lu et al., 2013). In 2016, Queensland had 1235 

establishments including hotels, motels, guesthouses, and serviced apartments with more than 

15 rooms (Queensland Government, 2018e). The number of hotel establishments and their 

energy consumption are expected to rise as the tourist visitor nights in Queensland increased 

by 5.7% in 2017–2018 (Tourism Research Australia, 2017). The electrical grid distribution is 

not available Queensland-wide (Briggs, 2017). It is assumed that some hotels still rely on diesel 

generators, which further emit GHG through combustion. No significant findings of how many 

hotels are adopting RET currently worldwide, except for Karagiorgas et al. (2006) who found 

that the RET adoption in the hotel sector globally is low with the exception of the thermal solar. 

Thus, research about the variables contributing to the RET adoption in the hotel sector in 

Queensland is required to promote the RET adoption. 

A systems approach helps to understand different perspectives of the hotel RET adoption 

because the approach captures variables’ non-linear and feedback relationships. Taking a 

hotelier perspective, factors influencing the hotels’ RET adoption decision are: The hotelier’s 

perceived RET financial benefits, hotel’s organisational values, hotel size, hotelier’s beliefs of 

the RET usefulness (Dalton et al., 2007; Mahachi, Mokgalo, & Pansiri, 2015; Petrevska et al., 

2016; Zografakis et al., 2011). Taking a government perspective, the policies that protect the 

monopoly of centralised electricity generation can hinder the RET breakthrough (Sen & 

Ganguly, 2017). The RET adoption is also influenced by the energy storage price, and grid 

distribution and skilled workforce availability (Karatayev, Hall, Kalyuzhnova, & Clarke, 2016; 

Pável Reyes-Mercado, 2017; Sen & Ganguly, 2017). 

Different perspectives on the RET adoption highlight interactive components which affect an 

RET adoption decision, and their inherent non-linear relationships. In addition, different 

perspectives indicate possible multiple stakeholders and an interdisciplinary topic; warranting 

a systematic approach to identify stakeholders and measure the literature breadth. The given 

RET adoption in the hotel sector is an emerging topic, integrating that a structural-analysis 
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would provide modellers with a system preunderstanding. Thus, this research adopts a multi-

methodology approach to develop the CLDs. 

4.4.1 Step 1: Problem Articulation 

4.4.1.1 Stakeholder Identification 

Experts identified stakeholders related to the hotel RET adoption in Queensland in this 

research. Experts can represent different stakeholder perspectives (Müller et al., 2012) suitable 

for this multi-disciplinary topic. In this research, one tourism industry and one engineering 

expert have identified 19 stakeholders (see Table 10), classified into seven categories: The 

hotel sector, tourists, the government, RET companies, the community, the financial sector and 

electricity providers. Both experts agree that: The RET industry can influence RET adoption 

the most, the hotel sector can influence and is affected by RET adoption the most, and the local 

community and the environment are affected by such decision the most. No stakeholder is 

identified in the ‘least’ category. This research aims to understand the variables contributing to 

the hotel RET adoption from different perspectives, thus we avoid any trade-off and include 

all identified stakeholders. Modellers reserve the right to represent the environment. This 

research does not seek expert consensus about stakeholder identification. 

Table 10. Expert identified stakeholders influencing, both influencing and affected by, 

and affected by the hotel RET adoption in Queensland, Australia. 

E
x
p

er
t Influencing Influencing and 

Affected 

Affected 

Most Moderate Most Moderate Most Moderate 

T
o
u

ri
sm

 

RET 

consulting 

company 

-Federal 

Government 

-Guest 

-Hotel chain 

head office 

-Hotel 

engineer 

-Hotel 

manager 

-Hotel 

owner 

-Bank 

-State 

Government 

-Electricity 

company 

Atmosphere Community 

E
n

g
in

ee
ri

n
g
 

RET 

industry 

 -Hotel 

owner 

-State 

Gov. 

-Financial 

institution 

-Tourists  -Local 

Government 

-Local 

community 

-Koalas 

* Gov. = Government. 
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4.4.1.2 Variable Inventory 

The next step is to identify variables related to the hotel RET adoption, first using the SQLR 

quantitative approach followed by the qualitative approach. For SQLR, original research papers 

published in English language academic journals were obtained by searching electronic 

databases including Science Direct, Scopus, ProQuest, Sage, and Web of Science. These 

searches were carried out between 1–28 November 2016. The keywords used in these searches 

were: ‘hotel’, ‘motel’, ‘caravan park’, ‘tourist accommodation’, ‘resort’, ‘guest service*’, 

‘camping ground’, ‘tent’, ‘camp’, ‘lodge’, ‘inn’, ‘RV park’, ‘apartment’, ‘caravan park’, 

‘bungalow’ and a combination of ‘renewable energy’, ‘solar power’, ‘wind power’, ‘hydro 

power’, ‘geothermal’, ‘microgrid’. Excluding criteria are: (1) Review papers, book chapters, 

literature review, news, bulletins, datasets and research notes. However, reference lists of these 

papers were used to find additional academic papers; (2) papers addressing RET and related 

technologies that do not result in electricity; (3) fuel cells which are hydrogen fuelled by non-

renewable energy; and (4) water pumps, desalination units, and electric cars even if they are 

used in tourist accommodation and fuelled by renewable energy resources. Papers must collect 

data from existing or modelled tourist accommodation. Research on a hybrid system with RET 

was included. The review includes electricity generation from renewable energy resources and 

multi-purpose functions such as cooling and heating. Electricity produced from RET must be 

used to support the tourist accommodation. A total of 52 research journal papers and 81 

variables related to tourist accommodation and RET were identified. Discussing the SQLR 

result is beyond this paper’s scope. 

One tourism and two engineering experts revised the 81 variables, their names and 

interpretations. Experts can represent stakeholder perspectives and are appropriate for a 

validating task (Müller et al., 2012). Experts merged and split some variables for clarity, 

resulting in 38 variables (see Appendix D). Thirty-eight variables serve as a starting point for 

CLDs’ development but not a final list.  
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4.4.2 Step 2: Formulating a Dynamic Hypothesis 

4.4.2.1  Identifying Endogenous Variables 

Next, we identified endo/exogenous variables by using a quantitative MICMAC method, 

followed by a qualitative stakeholder review. For the MICMAC method, the 38 variables 

identified in the previous process were arranged into a matrix, equivalent to 1444 questions (38 

× 38). Two governmental departments related to energy and innovation, two RET companies, 

two hotel accountants, two hotel engineers, two hotel managers, and one financial institution 

were approached. However, we were unable to organise a workshop for the MICMAC 

completion due to the stakeholders’ other commitments. Therefore, we sent the matrix and 

variable definitions to stakeholders to be filled in individually. Space was given at the end of 

the matrix should stakeholders wish to add their own variables. None has taken this option. 

Stakeholders had 14 days to complete the matrix, with an email reminder sent on the seventh 

day. Two hotel accountants, two hotel engineers, and two hotel managers completed the matrix. 

The low response rate could be due to the length of time needed to complete the matrix. The 

small sample size is acceptable because the MICMAC process is based on the experts’ opinions 

rather than a statistical mean (Arcade et al., 1999). The stakeholders’ responses were 

summarised using the geometric mean and analysed in the MICMAC software version 6.1.2. 

The geometric mean is selected over the mean and median because it is insensitive to the 

skewed data and works well with the small sample size (McChesney, 2016). 

We identified endo/exogenous variables through MICMAC’s direct influence and dependence 

chart. Based on the stakeholders’ ranking, MICMAC classified 38 variables into nine roles 

(Figure 9). The MICMAC categories suggest that ‘availability of the workforce’ and ‘public 
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engagement in RET policy’ are disconnected variables. Decisions to exclude disconnected 

variables were discussed during stakeholder interviews. 

  

Figure 9. Roles of variables related to the renewable energy technology adoption in the hotel 

sector in Queensland, based on Impact Matrix Cross-Reference Multiplication Applied to a 

Classification (MICMAC)’s direct influence and dependence map. 

4.4.2.2 Structural-Analysis MICMAC Results 

MICMAC produces a displacement map and direct/indirect influence graph, which can be used 

to illustrate the complex system of the RET adoption in the hotel sector. First, MICMAC’s 

displacement map shows that seven variables changed their categories when comparing their 

direct and indirect influence and dependence. These changes include: (1) ‘hotel availability of 

finance’ from relay to determinant variable; (2) ‘eco-friendly hotel design’ from stake to target 

variable; (3) ‘tourist willing to stay in RET hotel’ and ‘tourists’ electricity consumption in 

room’ from autonomous to depending variables; (4) ‘travel season’ from secondary to 

disconnected variable; and (5) ‘tourist willing to pay for RET’ from determinant to 

disconnected variable. These changes indicate possible hidden variables that connect between 
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them and the hotel RET adoption. Modellers referred to this information during stakeholder 

interviews. 

Second, MICMAC maps weak, moderate and strong direct influence relationships between 

variables. For clarity, Figure 10 displays only strong direct influence relationships. Figure 3 

shows 24 variables are strongly related in the Queensland context. Arrows concentrate 

particularly on energy storage, hotel technical capacity, and non-renewable energy cost. 

However, MICMAC does not indicate whether the relationships are positive or negative. We 

used these arrows to draw the CLDs. The CLDs and direct relationships were later discussed 

with stakeholders. 

MICMAC also indicates three strong indirect influence relationships from: (1) ‘hotel 

availability of finance’ to ‘existence of Green program in hotel’; (2) ‘hotel rating’ to ‘hotel 

energy demand profile’; (3) ‘hotel chain affiliation’ to ‘hotel energy demand profile’, indicating 

hidden variables between the pair. We discussed these relationships with stakeholders during 

interviews. 

  

Figure 10. Direct influence graph representing the strongest influence of variables of the RET 

adoption in the hotel sector in Queensland. 
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4.4.2.3 Mapping System Structure Using CLD 

Developing the CLDs of the hotel RET adoption went through five main stages, using the 

VENSIM software version DSSx32 6.3E (Ventana Systems, Inc., Harvard, MA, USA.). In the 

first stage, we developed a preliminary CLD based on variables and relationships found in the 

SQLR. In the second stage, we added MICMAC’s direct strong variable relationships and 

marked the role of each variable, resulting in the CLD1. In the third stage, we asked individual 

stakeholders face-to-face to review CLD1. In these meetings, we explained the concept of 

systems thinking and the research problem and asked stakeholders if the CLD1 coincided with 

their opinions. Changes to CLD1 from one interview were incorporated to the next. Any 

disagreements between interviews were clarified in the stakeholder engagement workshop. 

Interviews results in CLD2. In the fourth stage, we organised a stakeholder engagement 

workshop to review CLD2. Stakeholders received an information package about systems 

thinking, CLD2 copied, and variable definitions one week prior to the workshop. At the 

workshop, CLD2 was presented and stakeholders were asked to amend variables and 

relationships with justifications. The stakeholder engagement workshop resulted in CLD3. At 

the final stage, CLD3 was presented at the 2017 International Congress on Modelling and 

Simulation Conference, held in Tasmania, Australia (Dhirasasna, 2018) and again at the 2018 

Council of Australasian Tourism and Hospitality Education Conference, held in Newcastle, 

Australia (Dhirasasna, Becken, & Sahin, 2017). Conference attendees were invited to amend 

variables and their relationship. These revisions resulted in the final CLD. No changes to CLD3 
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were made at either conference. Stakeholders present at each research stage are summarised in 

Table 11. 

Table 11. Involving stakeholders at each stage of the CLD’s development (MM = 

MICMAC, I = one-on-one interview, WS = stakeholder engagement workshop). 

Stakeholder 

Category 

Stakeholder Group Data Collection 

Method 

Hotel sector Hotel managers MM, I 

 Hotel owners MM, I 

 Hotel engineers MM, I 

 Hotel accountants MM, I 

 Hotel sustainable accreditation 

companies 

I, WS 

Tourists Academic experts in tourist behaviours I, WS 

Government State government WS 

 Local government WS 

 Tourism organisation WS 

Electricity provider  I 

1. Preliminary CLD 

Figure 11 shows the preliminary CLD developed from the SQLR. Figure 11 contains 38 

variables, grouped in five sectors including the hotel, technology, tourist, policy, and other 

sectors, each highlighted with different colours. The preliminary CLD shows most arrows 

pointed to the ‘hotel RET adoption’ without feedback loops, indicating a linear approach by 

the previous research. 

2. CLD1 

Figure 12 shows CLD1 produced by integrating MICMAC’s and SQLR’s variable 

relationships. The integration reveals three system complexities. First, CLD1 exposes 

additional relationships unexplored in the previous research (see dotted arrows), indicating 

limited research about the hotel RET adoption. Only six stakeholder-identified relationships 

have been researched previously (see thick arrows), including: Australia’s annual emission 

rate—Australia’s 2030 climate change target, tourists’ perception of RET as a reliable energy 

source—tourists willing to stay in the RET hotel, tourists’ electricity consumption in room-

hotel energy demand profile, hotel chain affiliation—eco-friendly hotel design, hotel 
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affiliation—hotel implementing a green program, and hotel chain affiliation—hotel 

technological capacity. 

Second, CLD1 has 14 feedback loops, including five counter clockwise and nine clockwise 

loops (Table 12). The next stakeholder interview can illuminate whether these loops are 

reinforcing (creating exponential growth/decline over time) or balancing (stabilising the system 

overtime) loops. Third, CLD1 illuminates each variable’s role to the hotel RET adoption, 

enhancing the modellers’ understanding of the system. 

The modellers prepared stakeholder interviews based on these insights. Careful interview 

preparation can actively engage and interest stakeholders (Brinkmann, 2013).
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Figure 11. The preliminary CLDs of RET adoption in the hotel sector based on the systematic quantitative literature reviews.  
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Figure 12. CLD1 of RET adoption in the hotel sector within Queensland, based on the systematic quantitative literature review and MICMAC.
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3. CLD2, CLD3, and Final CLD 

During the interviews and workshop, each stakeholder group had its own concerns. For 

example, the hotel sector prioritised customer satisfaction, and identified RET adoption drivers 

as ‘tourist’s levels of comfort’ and tourist’s perceived value for money, ‘the reliability of 

electricity produced by RET’, and ‘the hotel owner’s perceptions of RET financial benefits’. 

The government representatives were interested in variable contributing RET policy 

incentives; the electrical provider in future demand for grid electricity and RET incentive 

policy; and the hotel’s sustainable accreditation in reducing the hotel’s impact on the 

environment. 

The final CLD produced from the stakeholders’ engagement workshop and conference 

discussion is shown in Figure 13. Many variable names changed after interviews and workshop. 

Only 14 out of 36 variables identified by the SQLR remained, while seven were deleted, 12 

were evolved, three dissolved, and 13 newly added, resulting in a total of 42 variables in the 

final CLD (see list of variables in Appendix D). 

The final CLD contains 22 feedback loops, including three balancing and 19 reinforcing loops 

(see Table 12). Several final CLD feedback loops were built on the SQLR and MICMAC’s 

result. These loops include: (1) The influence of energy storage on the RET electricity 

reliability, and the RET benefit; (2) the influence of a hotel owner/manager’s perception of the 

RET financial benefits on the RET adoption, and the perception’s reliance on the RET incentive 

policy, the RET benefits on marking and expense savings, and grid price; (3) the impact of the 

hotel’s electricity expense on the hotel’s revenue and the RET adoption decision; and (4) the 

importance of a hotel engineer’s efficiency to lead hotels to adopt RET. 

Interviews and workshop revealed several hidden variables. These variables were: (1) Hotel 

will set aside funds for energy conservation methods only if and when the hotel is aware of its 

financial benefits; (2) hotel rating has an influence on hotel energy demand profile, but through 

tourists’ attitude towards the environment and their behaviour; (3) being part of a hotel chain 

affiliation has an influence on the hotel energy demand profile, but through bargaining power 

with electricity retailer; (4) even if the engineer is very skillful, the hotel will not be able to 

adopt the RET if it does not have money, and vice versa; (5) tourists would be willing to stay 

at the hotel with RET if its electricity is reliable; and (6) the amount of electricity consumption 

in a room depends on the tourists’ attitude towards the environment and their green behaviour. 
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This indicates that some hidden variables would have been overlooked had such a systematic 

and exhaustive reflection not taken place. 

Table 12. The feedback loop descriptions within Figure 13. 

Loop Name Reinforce/Balancing Variables Involved 

Counter clockwise 1 Unknown 19, 29, 15, 8, 24 

Counter clockwise 2 Unknown 32, 33 

Counter clockwise 3 Unknown 31, 32 

Counter clockwise 4 Unknown 25, 29 

Counter clockwise 5 Unknown 17, 24 

Clockwise 1 Unknown 37, 31 

Clockwise 2 Unknown 33, 31 

Clockwise 3 Unknown 33, 30 

Clockwise 4 Unknown 11, 10 

Clockwise 5 Unknown 25, 12, 7, 8, 24,19 

Clockwise 6 Unknown 25, 8, 24, 19 

Clockwise 7 Unknown 25, 19, 29 

Clockwise 8 Unknown 15, 18 

Clockwise 9 Unknown 37, 33, 32, 31 
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Figure 13. The final CLD for the RET adoption in the hotel sector in Queensland, Australia, developed from the systematic literature review, 

MICMAC, stakeholder interviews and workshop.
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4.5 Conclusions and Further Work 

This research presents a multi-methodology approach to develop the causal loop diagrams 

(CLDs). We integrate the quantitative approach including stakeholder identification method 

(SI), a systematic quantitative literature review (SQLR), and a structural-analysis MICMAC, 

with the traditional qualitative approach including stakeholder interviews and an engagement 

workshop. Our proposed multimethod maintains the essence of the original CLD process but 

adds new stages to define stakeholders, variables, their roles and relationships in a quantitative 

and logical way. The key findings and main contributions to developing the CLD process are: 

• Allowing detailed stakeholder identification based on their roles and the role degrees. 

• Providing a quantifiable literature scope to identify relevant variables. 

• Identifying endogenous and exogenous variables quantitatively. 

• Illuminating possible direct and indirect relationships between variables quantitatively. 

• Indicating possible hidden variables quantitatively. 

The multi-methodology approach was applied to develop the CLDs in a case study. In our 

opinion, the case complexity illustrates the multi-methodology application advantages and may 

be useful for other studies. 

However, the multi-methodology approach to develop the CLDs has some limitations. First, 

SI obscures how to deal with different identified stakeholders. In this research, both 

stakeholders have identified similar results. However, other research may encounter different 

stakeholder identification. We recommend future research to use more than two experts and 

seek consensus when identifying stakeholders. Second, the MICMAC matrix is time-

consuming, and took more than three hours for stakeholders. Future research is recommended 

to reduce the variable numbers. We conclude that managing the vagueness in the stakeholder 

and modeller judgement will improve the CLDs developing process. Hence, the multimethod 

approach can be helpful. 

We acknowledge that translating the CLDs to the quantitative model is a non-trivial process. 

Our motivation underlying this work is that modelling the quantitative model through the CLDs 

would benefit from engaging early with the stakeholders, understanding their mental models, 

and formulating the dynamic hypotheses (Sterman, 2000). We focus on improving the CLDs 
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developing process before translating into the quantitative model. This research is limited to a 

qualitative conceptualization. Developing a quantitative model of the hotel RET adoption in 

Queensland is ongoing and will be published in a subsequent paper. The literature on 

converting the CLDs to a quantitative model can be found in Lane (2016) and Sterman (2000). 

We also acknowledge a low agreement about whether to use the CLDs or quantitative model 

to conceptualize the studied phenomenon. Engaging in such a debate is beyond the scope of 

this paper, but can be found in Homer (2019) and Martinez‐Moyano and Richardson (2013). 
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CHAPTER 5 

Key Opportunities and Barriers Related to RET Adoption in the Hotel Sector 

The previous results chapter examined the implications of RET adoption decisions in the hotel 

sector, in Queensland, Australia. It reports that 36 variables related to hotelier/hotel manager, 

tourists, technology, policies and others were causal, related directly and indirectly to influence 

RET adoption in the hotel sector. Despite CLD displaying interconnectedness between 

variables, identifying the leverage point promoting RET adoption can be challenging upon 

viewing the CLD. Chapter 5 follows on to interpret the CLD system behaviour and identify the 

system leverage point(s) using system archetypes. The results of this chapter address the third 

research question, “What are the key opportunities and barriers related to the deployment of 

RET in a hotel/hotel sector?” 

This chapter has been published in the Journal of Hospitality and Tourism Management, and 

has been formatted to that Journal’s style. The citation is as follows: 

Dhirasasna, N.; Becken, S. & Sahin, O. (2020). A systems approach to examining the drivers 

and barriers of renewable energy technology adoption in the hotel sector in Queensland, 

Australia. Journal of Hospitality and Tourism Management, 42, 153-172, 

https://doi.org/10.1016/j.jhtm.2020.01.001 

The co-authors of this manuscript are my thesis supervisors, Prof Susanne Becken and Dr Oz 

Sahin. My (Kanokwan NiNa Dhirasasna) contribution to the manuscript involved: initial 

concept, data collection and analysis and preparation of the manuscript. 

https://doi.org/10.1016/j.jhtm.2020.01.001
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A systems approach to examining the drivers and barriers of renewable energy 

technology adoption in the hotel sector: An Australian Case 

The adoption of renewable energy technology (RET) in the hotel sector is low, despite 

the technology’s potential to reduce a hotel’s energy consumption and carbon emissions. 

Previous research has explored selected aspects of RET adoption in hotels, but a 

comprehensive and systemic analysis is missing. This research uses a systems approach, 

which allows examination of a wide range of dynamics and complexities, including 

feedback mechanisms that influence system behaviour over time. The model was 

developed using the structural analysis method and causal loop diagramming in 

conjunction with theories of diffusion and patterns of innovation. The aim was to 

enhance our understanding of the hotel energy system, with a focus on drivers and 

barriers to RET adoption in the sector. The results demonstrate that the uptake of RET 

by hotels reflects an interplay between incentive policy, hotel owner/manager 

perceptions of RET, tourists’ behaviour, technology advancement and electricity grid 

price. The analysis also uncovers the dynamics of key drivers that, under different 

circumstances, can also become barriers. The insights generated from the analysis 

validate the use of systems thinking to capture the complexities and dynamics of 

interactions.  

Keywords: Systems, feedback loop, shift in tourist demand, renewable energy incentive 

policy 

5.1 Introduction 

The hotel sector has the potential to reduce its greenhouse gas emissions by investing into their 

own renewable energy technology (RET) system to generate electricity (hereafter, RET 

adoption). Hotels rank among the largest energy-intensive commercial buildings, which require 

24-hour air conditioning, space and water heating, and many other energy services 

(Karagiorgas, Tsoutsos, & Moiá-Pol, 2007). By adopting RET, hotels could respond to tourists’ 

increasing demand for green hotels (Yusof & Jamaludin, 2013), and reduce energy costs 

subject to RET investment cost and grid electricity price (Gross, Blyth, & Heptonstall, 2010). 

Whilst there are no data regarding hotel adoption of RET globally, earlier work by Karagiorgas 

et al. (2006) indicates that uptake is quite low, except for thermal solar. This presents an 

opportunity to promote RET adoption in the hotel sector. This research contends that 
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understanding what drives and hinders the hotel sector from adopting RET can promote a better 

uptake by hotels. The hotel sector in this research refers to commercial tourist accommodation 

providers excluding private home rentals or other small-scale hosted accommodation.  

There is a paucity of research which examines drivers and barriers to RET adoption in the hotel 

context. Gash, Carter, and Miller (2013) argue that the barriers to adopting RET include expert 

advice against RET, lack of funding, inadequate RET operational knowledge in a specific 

environment, and high maintenance cost. Mahachi et al. (2015) identify driving forces for RET 

adoption in hotels as political leadership, financial benefits, the availability of green programs, 

and strong environmental values. These factors are similar to those that influence the adoption 

of other environmental measures, which has been the focus of a growing body of research. For 

example, E. S. W. Chan et al. (2018) identified barriers to adoption of environmental 

technologies in hotels, which are: (1) product-related barriers such as immaturity of the 

technology and long payback period; (2) external barriers such as inconvenience caused by 

government and tourists’ acceptance of environmental technologies; and (3) internal barriers 

such as a limitation on the hotel’s ability and a lack of owner initiative to adopt environmental 

technologies. Similarly, Y. Wang, Font, and Liu (2019) identified market needs, managers’ 

attitudes towards the environment, and the demand from stakeholders as the antecedents of 

willingness to adopt eco-practice in a hotel.  

This research asserts that the adoption of RET warrants its own examination, mainly because 

there has been relatively limited uptake in the hotel industry, despite some obvious benefits of 

reducing costs long term. The low adoption rate contradicts Namasivayam, Enz, and Siguaw 

(2000) findings that technology is revenue positive is usually adopted faster than technology 

that improve employee productivity and guest services. Low RET adoption in the hotel sector 

does not reflect the government policies that are particularly favourable to RET adoption, such 

as: (1) increasing RET competitiveness by internalising carbon prices of non-renewable 

energy, (2) providing RET investment funds (Solangi, Islam, Saidur, Rahim, & Fayaz, 2011); 

and (3) increasing RET consumption rates through feed-in tariffs (FITs), whereby owners of 

RET equipment can sell excess electricity back to the grid (Poruschi, Ambrey, & Smart, 2018). 

Moreover, research outside the hotel literature indicates factors influencing RET adoption are 

context-related and are beyond individual or organizational control, such as consumer reliance 
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on grid distribution and the availability of a specifically trained workforce to maintain RET 

hardware (Pável Reyes-Mercado, 2017; Sen & Ganguly, 2017).   

The above factors from different perspectives including policies, technology and the hotel 

sector highlight an interrelated and complex system. Thus, the overall RET system must be 

examined to understand low RET adoption in the hotel sector by considering such complexity. 

A systems approach provides a suitable platform to explore the RET adoption dynamics (Negro 

et al., 2012). This research presents the system elements of potential RET adoption in the hotel 

sector in Queensland, Australia. The three objectives are: (1) identifying variables, their roles 

and relationships, related to RET adoption in the hotel sector; (2) illustrating the variable 

interactions with a causal loop diagram (CLD) explaining the past and current pattern of RET 

adoption; and (3) using the CLD to understand the dynamics of the system and the role of 

drivers as potential enablers or barriers shaping hotels’ uptake of RET. This research presents 

a systems approach for hoteliers and policy makers to understand the (un)intended 

consequences of their decisions, and to identify interventions that can modify system behaviour 

favourably.  

5.2 Literature review 

5.2.1 Renewable energy synopsis 

RET uses energy obtained from replenishing natural resources such as solar, wind, hydro, 

bioenergy, and geothermal, to produce energy (ARENA, 2017b). As global fossil fuel-related 

emissions increase, RET is an alternative electricity resource to reduce global greenhouse gas 

emission from energy use (IEA, 2019a). A decade-long growth in RET as an electricity-

generation choice is observable globally (IRENA, 2019). RET investment is often driven by 

financial incentives such as FIT, quotas and obligations such as renewable portfolio standard 

(RPS) mandating an increase in energy production from renewable resources (IRENA, 

OECA/IEA, & REN21, 2018). However, pricing policies such as FIT are decreasing now, 

reflecting the falling cost of RET. As a result of a decline in technology price, renewable-

sourced electricity has fallen to equal or lower than that from fossil fuel in many parts of the 

world (IRENA, 2018b). Coupling RET with battery energy storage systems, electricity 

consumers can reduce, time-shift their grid electricity consumption, or disconnect from the 

network entirely (Agnew & Dargusch, 2015). The lower demand on existing electricity 

distribution networks, which have been paid for by taxpayers, could increase the electricity 
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price when the network’s fixed cost is recovered over a smaller group of grid-based users 

(Simshauser & Nelson, 2012). Such an effect could encourage more consumers to further 

reduce grid-electricity demand, leaving consumers who are unable to change their electricity 

consumption pattern or install RET with rising electricity tariff (Simshauser & Nelson, 2012). 

Despite such possible (short term) implications of RET on the electricity network, RET 

adoption needs to increase at least six times faster for the world to meet the Paris agreement’s 

climate mitigation goals (IRENA, 2018a).  

The hotel sector has a role in contributing to the global carbon reduction target (Lenzen et al., 

2018). The hotel sector spends approximately 10% of its operational budget on energy and 

water (Becken, 2013). Although resource consumption may depend on the local conditions, 

hotel design, size and type, hotel amenities (Barberán, Egea, Gracia-de-Rentería, & Salvador, 

2013; Azilah Kasim, 2014), overall the hotel sector is comparatively energy intensive. Many 

hotels are already investing into electricity saving practices, such as smart key card, automatic 

air-conditioning system, and energy efficient lighting (E. S. W. Chan et al., 2017; Pirani & 

Arafat, 2014; Reid, Johnston, & Patiar, 2017), but RET uptake is comparatively low despite 

the prospects of financial savings, energy security (Becken, 2015), enhanced brand image (El 

Dief & Font, 2012), and competitiveness with greener market segments (Kostakis & Sardianou, 

2012; Rivera & Gutierrez, 2018). As tourists’ in-room electricity demand is increasing as a 

result of greater room size and electronic features, and the use of standby power (Gössling et 

al., 2010), adopting RET is an important vehicle to provide electricity in a sustainable manner. 

5.2.2 Conceptual framework  

The tourism literature indicates that hotels have been relatively more inclined to progress 

sustainability through managerial adjustments as well as by replacing existing (and essential) 

equipment with more energy efficient versions, for example air conditioning systems (E. S. W. 

Chan, Okumus, & Chan, 2020; Azilah  Kasim, 2009). The adoption of new technology, 

however, which represents a new layer of innovation, such as renewable energy, seems to have 

attracted lesser interest. To capture the parameters that might shape adoption of RET therefore 

demands a theoretical framework that specifically focuses on the adoption of new (i.e. non-

mainstream) technologies. 

RET adoption can be conceptualised as innovation diffusion because it includes the spread of 

practice that is perceived as new and represents some uncertainty to the adopters (Rogers, 
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2003). Rogers’ Diffusion of Innovation was found suitable to explain the diffusion of 

sustainable practice in the tourism businesses (Dibra, 2015), and has been applied in a 

substantial amount of research on diffusion (Rogers, 2003). Rogers (2003) examined diffusion 

as a communication process among different society members including innovators, early 

adopters, early majority, late majority and laggards. Rogers’ theory of diffusion has been used 

in the RET literature, for example to explain Malaysians’ acceptance of small-scale RET (Alam 

et al., 2014), consumer beliefs about RET consequence (Pável Reyes-Mercado, 2017), and 

Brazil’s projection of solar photovoltaic (PV) adoption (dos Santos, Canha, & Bernardon, 

2018). No study to date used Rogers’ theory to understand better diffusion of renewable energy 

sources in the tourism sector.  

In the RET context, however, the adoption is beyond social-oriented process as described by 

Rogers (2003). RET begins with research and development (R&D), followed by project 

demonstration and significant financial and fiscal incentives from the government and the 

public (Lund, 2006). RET diffusion also faces some challenges such as the need for energy 

storage, high upfront costs and subsidies for conventional fuels (Sahin, Stewart, Giurco, & 

Porter, 2017). The theoretical debate concludes that the RET diffusion process is dynamic in 

nature because of the multidimensional forces including societal, regulatory, and economic 

dimensions (Alam et al., 2014). Thus, to understand the complex problem of RET adoption in 

hotels and examine the phenomenon from multiple perspective, this research subscribes to the 

notion of theoretical pluralism (Midgley, 2011) and augments Roger’s initial theory with two 

other relevant theories, namely Sahal (1981) patterns of technological innovation and L. A. 

Brown (1981) innovation diffusion.  

First, a comprehensive theoretical framework needs to accommodate the fact that hotels are 

likely to adopt RET only if the technology is feasible and beneficial. The importance of R&D 

is addressed in Sahal (1981)’s patterns of technology innovation. Sahal contends that all early 

technology versions contain design flaws, which will be overcome as the technology is adopted 

or – alternatively - resisted. Sahal’s theory has been used to explain the solar thermal innovation 

(Krawiec, 1983), growth trend of renewable energy (Pillai & Banerjee, 2009), electricity 

demand and RET growth (Singh, 2018), and investment in RET capacities and RET diffusion 

(Sick, Golembiewski, & Leker, 2013). No application of Sahal’s theory could be found in the 

hospitality and tourism literature, possibly because the hotel sector tends to adopt or imitate 

the technological innovations from other industries rather than developing its own  (Krizaj, 
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Brodnik, & Bukovec, 2014). This research contends that RET adoption in the hotel sector may 

help improving the technology and further influence widespread adoption, and that 

consideration of Sahal’s pattern of technology innovation theory will helpfully extend the 

theoretical framework used in this study.  

Second, government incentives and high grid-based electricity cost can encourage hotels to 

adopt RET. Government incentives were found to promote the adoption of electric vehicles 

(Encarnação et al., 2018) and national security technology (Iles et al., 2017); while marketing 

strategies were found to influence the adoption of Internet of Things among farmers 

(Jayashankar, Nilakanta, Johnston, Gill, & Burres, 2018). Brown’s innovation diffusion theory 

(1981) focuses on these governmental and commercial propagator mechanisms. Brown asserts 

that marketing strategies by diffusion agencies and other infrastructural elements such as the 

availability of water, electricity and a delivery system can influence diffusion regardless of 

spatial distance. Brown’s theory explains a local technology is adopted faster at a domestic 

level because of the available local governmental support and complementary policies (Florian, 

2018). 

This research responds to Kelly and Kranzberg (1978), Deshpande (1983), and Rao and 

Kishore (2010)’s call for a broader examination of innovation diffusion. The integration of 

Rogers, Brown and Sahal’s theories has not been undertaken in the RET context to date, 

possibly because of the absence of modelling techniques that can cope with complex systems 

analyses. Drawing on a systems approach, which can capture potential feedback loops between 

theories or elements in a system (Sterman, 2001), this research connects Rogers’, Brown’s and 
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Sahal’s theories and forms a basis of system interactions for RET adoption in the hotel sector 

in Queensland, Australia (see Figure 14).  

 

Figure 14. The conceptual framework of RET adoption in the hotel sector, integrating the 

theories of Rogers, Brown, and Sahal. Adapted from Deshpande (1983). (For interpretation of 

the references to colour in this figure legend, the reader is referred to the Web version of this 

article.) 

5.3 Context of this research 

5.3.1 Energy policy environment 

The Australian federal government sets a 20% Renewable Energy Target by 2020 and funds 

RET projects and R&D through the Australian Renewable Energy Agency (ARENA, 2017b). 

At the state level, the Queensland Government incentivizes solar photovoltaic (PV) installation 

through the feed-in tariff (FIT) policy. However, FIT has been criticized for: 1) levying 

Queensland households (whether they install RET or not) and providing monetary benefits to 

solar PV owners (Nelson, Simshauser, & Nelson, 2012); 2) allowing the solar PV owners to 

achieve ‘grid parity’ and disconnect from the grid; and 3) increasing the retail electricity prices 
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as a result of declining grid-based electricity consumption and high grid network cost (Poruschi 

et al., 2018). Declining grid use could hinder grid expansion, thus limit the transmitting 

opportunity from a large-scale renewable energy project such as solar farms to electricity users 

(Europa, 2018).  

Another RET promotion scheme is GreenPower, where proactive consumers can purchase 

electricity from an accredited RET electricity provider. The provider, in turn, purchases the 

same amount of electricity from an approved renewable energy generator and feeds electricity 

into the grid on customers’ behalf (GreenPower, 2011a). On average, GreenPower can increase 

an electricity bill by 20-50% (Potter, 2017). Three hotels in Queensland purchase GreenPower 

(Greenpower, 2011b).  

Despite the policy initiatives, Queensland has the lowest share of electricity generated from 

large-scale RET projects (5%) feeding into the grid, compared with the other Australian states 

of Tasmania (93%), South Australia (48%), Victoria (16%), Western Australia (13%), and New 

South Wales (12%) (Clean Energy Council, 2016). The intractable investment condition in 

Queensland are: (1) the reversals of RET supporting policies after changes in government 

(Queensland Government, 2019); and (2) the fail-to-retire fossil fuel power plants. A declining 

demand for grid-based electricity as a result of rooftop solar PV adoption and increasing 

energy-efficient electrical appliances has resulted in a falling revenue, making a large-scale 

RET project no longer financially viable (Nelson, Reid, & McNeill, 2015).   

5.3.2 The hotel sector in Queensland 

In 2016, there were 1,235 accommodations, including hotels, motels, guesthouses and serviced 

apartments with more than 15 rooms in Queensland (Queensland Government, 2018e). Given 

the increasing number of hotels (Dransfield Hotels&Resorts, 2016) and increasing total visitor 

nights in Queensland (Tourism Research Australia, 2017), hotel’s electricity consumption is 

likely to increase assuming that no major energy conservation method in place. Other factors 

contribute to increasing in-room electrical consumption include: (1) Queensland’s projected 

hot and dry climate, influenced by climate change (Queensland Government, 2018a) that may 

necessitate greater use of air conditioning; (2) an increasing tourist demand for a larger room 
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size and electronic features (Gössling et al., 2010); and (3) standby power functions (Quinn & 

Schrier, 2011).  

Confirming Dalton et al. (2007) earlier findings, no significant data about electricity source in 

the hotel sector in Queensland can be found. It is possible that some hotels in Queensland rely 

on a centralized transmission network generally powered by fossil fuel (Nelson & Orton, 2016), 

while hotels in isolated areas rely on diesel or other liquid-fuel generators (Queensland 

Government, 2018b). This research contends that promoting RET adoption in the hotel sector 

in Queensland may reduce its reliance on fossil fuel.  

5.4 Research methods 

5.4.1 Systems approach 

The systems approach is suitable to analysing the interactions of key variables influencing RET 

adoption (Negro et al., 2012). RET adoption decisions are not ‘isolated’ ones but form a 

‘system’ of components connected in a non-linear fashion. Changes in one factor may have an 

unintended consequence. For example, FIT or higher tourist in-room electricity consumption 

may influence hotels to consider adopting RET; and an increasing RET demand may improve 

the technology over time. Exploring RET adoption decision-making in the hotel sector is 

further complicated by the fast changing nature of customer behaviour and societal trends (Mai 

& Smith, 2015). Moreover, a diverse array of stakeholders with their own development 

objectives may be involved in a hotel, including local communities within the hotel operates; 

thus, a holistic approach of exploring RET adoption in the hotel sector.  

The systems approach provides a research lens that captures feedback mechanisms   and their 

influence on the system behaviour over time (Donella H. Meadows & Wright, 2008). Building 

on the integrated conceptual model that consists of three theories, a systems approach is an 

appropriate way of studying the multiple factors which are implicated in the dimensions of 

technology (Sahal), the government (Brown), and the society member (Rogers). In the field of 

tourism, a systems approach receives a limited but increasing attention by researchers (Sedarati 

et al., 2018). For example, Chang et al. (2008) proposed a systems model to evaluate coastal 

zone management in Taiwan, whilst H. Chen et al. (2014) built a model to capture the dynamics 

of socio-economic variables and the environment to manage a wetland area for yacht tourism 

in Taiwan. Golob and Jakulin (2014) modelled the interrelationships between event 
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organization, staff, program and services for event management. So far, no systems-based 

study has focused on RET in the hotel context. Moreover, most systems approach studies in 

tourism did not involve stakeholders during the modelling process (Sedarati et al., 2018), but 

instead relied on either the modeller’s perspective or the literature to define system boundaries 

and elements. This present research involves stakeholders in the development of systems 

model, namely through interviews, a workshop and a questionnaire that sought feedback on 

key variables defining and shaping the RET adoption in the hotel sector. Table 13 summarises 

stakeholders and their engagement in this research.  

Table 13. Stakeholder involvement and methods to collect feedback on the different 

CLD models (MM = MICMAC, I = one-on-one interview, WS = stakeholder 

engagement workshop). 

Stakeholder 

Category 

Stakeholder Group Data Collection 

Method 

Hotel sector Hotel managers MM, I 

 Hotel owners MM, I 

 Hotel engineers MM, I 

 Hotel accountants MM, I 

 Hotel sustainable accreditation 

companies 

I, WS 

Tourists Academic experts in tourist behaviours I, WS 

Government State government WS 

 Local government WS 

 Tourism organisation WS 

Electricity provider  I 

More specifically, the research design comprised of a multi-step fieldwork approach that 

collect input for each research objective (Figure 15). To address the first objective, the 

structural analysis method (MICMAC) was used to quantify variables and their relationships 

as per stakeholder perceptions. To address the second objective, we develop and revise the 

CLDs in three stages. First, the literature regarding relationships among identified variables 

and with hotel RET adoption was used to develop CLD1. Then, this CLD1 was presented and 

tested in the stakeholder interviews (results in CLD2) and workshop (results in the final CLD). 

To address the third objective, the final CLD system behaviour was interpreted by using system 

archetypes to understand the structural patterns of the systems and identify effective 

management intervention points. This design follows the mixed methods for a systems 

modelling approach, which argues that no single method whether it is a systems approach or 

otherwise can address every questions (Midgley, 2011). Instead, multiple methods develop a 
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comprehensive and flexible model and enhance understanding of complex problems 

(Dhirasasna & Sahin, 2019). 

 

Figure 15. Overview of methodological steps undertaken in this research. 

5.4.2 MICMAC - A structural analysis method  

MICMAC is a quantitative structural analysis method for scenario planning (Gordon, 2009). 

MICMAC classifies variables based on the levels of influence/dependence they exert and 

quantifies the relationships between variables (Arcade et al., 1999). MICMAC is recommended 

for a research that lacks quantitative data or where it is not feasible to collect ones (Arcade et 

al., 1999).  

MICMAC has been applied in the systems approach literature to identify variables and their 

influential levels prior to developing a CLD, such as in construction innovation in Russia 

(Suprun et al., 2016), climate change and malaria transmission in East Africa (Onyango et al., 

2016), climate change adaption of surf life savings in Australia (Sahin et al., 2013), and solid 

waste management in Columbia (Torres & Olaya, 2010). MICMAC helps modellers to 
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understand important variables that form part of the studied phenomenon and to pre-

conceptualize the system complexity prior to modelling.  

MICMAC has three processes, starting with the need to create a variable inventory (Arcade et 

al., 1999). In this study and following a comprehensive literature review, a total of 81 variables 

were identified relating to hotelier and tourist perceptions of energy technologies, energy policy 

and technology innovation or development, and in accordance to the theoretical framework of 

this research. Arcade et al. (1999) suggested creating a homogenous list by grouping, splitting 

or eliminating variables, limiting these to 80 variables for the ease of visibility when arranging 

them into the matrix in the next stage. In this research, the compiled variables and their 

definitions were refined by three tourism and engineering academics. Variables not critical to 

hotel RET adoption and theoretical framework were deleted, and overlapping variables were 

grouped, resulting in a total of 38 remaining variables. Appendix E presents the 38 variables 

that acts as a starting and not final variable inventory. Variables #1, #16 and #19 corresponded 

to Roger’s focus on processes of consumer adoption; variables #2- 5, #14, #20, #26 and #36 

corresponded to Brown’s notion of marketing systems; and variables #30-33 corresponded to 

Sahal’s concern with recognition of technological feasibility. Variables including #6 -13, #15, 

#17-18, #21-25, #27-29, #34-35, and #37-38 were not reflected in the theoretical framework 

but related to the tourism context.  

The second MICMAC process involved asking stakeholders to quantify the degree of influence 

and dependence that one variable has on the others (Arcade et al., 1999). There is no standard 

stakeholder identifying method for a systems approach and MICMAC (Dhirasasna & Sahin, 

2019). In this research, stakeholders were identified using an expert-stakeholder identification 

method (Chevalier & Buckles, 2008). Experts from the tourism and engineering industries 

identified 19 stakeholders who were classified into seven main categories: the hotel sector, 

tourists, the government, RET companies, the community, the financial sector and electricity 

providers. As the MICMAC result is limited to the choice of participants, Arcade et al. (1999) 

recommends to approach stakeholders from many different perspectives, use an expert-

reviewed variable list, and seek further interviews when the stakeholders do not have enough 

information. Accordingly, experts in this research had reviewed variable lists and then, further 

interviews and workshops were conducted during the CLD process to address this limitation. 

The individuals belonging to each stakeholder group were approached to fill out the matrix 

individually. Stakeholders received the information package containing a project introduction, 
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the matrix and variable glossary. Stakeholders were given 14 days to fill out the matrix as best 

as they can. Space was given if stakeholders wished to insert their own variables, although no 

one has taken this option.  

The final matrix contains 38 variables (see Appendix F). The stakeholders were asked, “If 

variable i changed, what would be its direct impact on variable j?” with the possible results of 

none = 0, weak = 1, moderate = 2 and strong = 3. This raised a total number of 1,444 questions 

(38*38 variables), some of which would have been evaded if a systematic exploration had not 

taken place (Arcade et al., 1999). We did not distinguish different opinions among stakeholders 

because we aimed to establish a group perception. The final process was to categorise variables 

by aggregating results from stakeholders using a geometric mean and analysing them in the 

MICMAC software version 6.1.2 (MICMAC, 2010). MICMAC produces an influence and 

dependence graph with variables located in different locations depending on their role in the 

system. To identify the category, one needs to visualise the variable position on the graph and 

compare with the guideline (see Arcade et al. (1999). MICMAC categorises variables into nine 

groups, namely: (1) determinant variable which is highly influent but not dependent, and can 

act on the system; (2) environmental variable which conditions the system and cannot be 

controlled; (3) relay variable which is very influent and very dependent, and has a consequence 

on other variables if it is impacted; (4) stake variable which is the ‘potential breakpoint of the 

system’ or has a strong influence on the system; (5) target variable which is more dependent 

than influential, and can be conducted upon to influence the system in a desirable way; (6) 

depending variable which is little influent and very dependent, sensitive to changes of influent 

and/or relay variables, and is the result of the system; (7) autonomous variable which is little 

influent and little dependent, and does not stop the system from changing nor benefits from it; 

(8) disconnected variable whose origin is excluded from the studied system  and (9) secondary 

lever which is more influential than dependent and is the possible secondary actor of the 

system. MICMAC variable categories are more detailed than the traditional 

endogenous/exogenous categories (Dhirasasna & Sahin, 2019). The results from MICMAC 

acted as a starting variable glossary for the next CLD process and was not a finite list. Appendix 

E’s last column shows changes of these 38 variables after the CLD process.   
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5.4.3 Causal Loop Diagram (CLD) 

Addressing the second objective, a CLD was developed to visualize variable interactions 

related to RET adoption in the hotel sector. This was achieved using the Vensim software 

version DSSx32 6.3E (Ventana Systems, Inc.). CLD contains variables connected by arrows 

indicating their causal relationships. Each arrow head is marked with ‘s’ if the cause and effect 

between such pair moves in the same direction (i.e. if A increases, then B increases, and vice 

versa); with ‘o’ indicating an opposite direction (i.e. if A increases, then B decreases; and vice 

versa), and with ‘//’ noting a delayed effect. If the links between variables can be traced back 

to the starting variable and form a ‘feedback loop’, then this loop is denoted with ‘R’ for 

reinforcing loop (loop that causes exponential growth or decline over time), or ‘B’ for 

balancing loop (loop that causes stabilising behaviour over time) (Sterman, 2000). These R and 

B denotations appear in a  for loops that read anti-clockwise, and in  for loops that read 

clockwise. 

CLD in this research was developed and refined through three stages to ensure that it reflects 

real world conditions as closely as possible. In the first stage, CLD1 was created based on 

variable glossary found in MICMAC, and their causal relationships based on the literature 

review. In the second stage, stakeholders from the seven main categories were approached to 

review the CLD1. Fourteen stakeholders including hotel managers, hotel owners, hotel 

engineers, hotel accountant, hotel sustainable accreditation companies, academic experts in 

tourist behaviour and electricity provider volunteered in individual face-to-face interviews (see 

Table 1 for participant list). Note that a systems approach does not prescribe a specific number 

of stakeholders, and it aims to extract the stakeholder’s mental model from different 

stakeholder perspectives only (Martinez‐Moyano & Richardson, 2013). In these meetings, the 

principal researcher showed and explained the stakeholders of the CLD1 and its feedback loops 

using VENSIM software. The stakeholders were invited to add or amend variable names, 

variable definitions, and existing feedback loops. The suggested changes in the CLD were 

drawn directly into the VENSIM software and were incorporated into the next interviews. 

Variable relationships on which stakeholders disagreed were kept and were discussed further 

in the third stage. This process resulted in the CLD2.  

In the third stage, we organised a stakeholder engagement workshop to review CLD2. An 

information package was sent to invited stakeholders for revisions one week prior to the 

workshop (see Table 13). The package included a brief introduction to systems thinking, the 
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CLD2, and an accompanying variable glossary. At the workshop, we explained the purpose of 

the research and its relevance to participants and presented CLD2. Following an overview of 

the systems model, stakeholders were invited to amend, add or delete variable names, variable 

definitions, and relationships. This resulted in the final CLD.  

5.4.4 System archetypes and leverage points 

The final CLD was used to address the third research objective - to assess the potential drivers 

and barriers, and the consequences of RET adoption. Despite CLD being visually complex, we 

can determine the underlying system behaviour through system archetype (Senge, 2006). The 

literature determines nine typical archetypes found in a system, namely: 1) balancing with 

delay; 2) limits to growth; 3) shifting the burden; 4) eroding goals; 5) escalation; 6) success to 

the successful; 7) tragedy of the commons; 8) fixes that fail; and 9) growth and underinvestment 

(Senge, 2006). Each archetype contains specific reinforcing, balancing and delay processes. A 

full archetype review can be found in Senge (2006) and Braun (2002). These system archetypes 

underlie many resource management problems that we face today (Braun, 2002). For example, 

competing for water resource between the hydro electricity generation and agricultural industry 

is the ‘tragedy’ of all Australians (Newell, Marsh, & Sharma, 2011). The finite amount of 

underground water ‘limits agricultural growth’, and transferring water from elsewhere ‘fails to 

fix’ the long-term water shortage (Mirchi, Madani, Watkins, & Ahmad, 2012).  

We identify a system archetype by reviewing the final CLD with a focus on the balancing and 

reinforcing loops and testifying if the loops’ behaviour fits those typical system archetypes. 

Based on the identified system archetypes, we recommend RET policy and investment by 

locating a leverage point. Each system archetype has a leverage point that can be used to 

intervene in the system and change its behaviour (Maani & Cavana, 2007). For example, in the 

‘limits to growth’ archetype, the leverage point is the factor that limits growth; and in a ‘shifting 

a burden’ archetype, the leverage point is the factor that focuses on the long- rather than short-

term goal (Senge, 2006).   
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5.5 Results and discussion 

5.5.1 Variables related to RET adoption in the hotel  

The MICMAC results indicate 38 variables related to the hotel sector and RET adoption in 

Queensland, representing nine roles with different levels of influence and dependence as 

identified by stakeholders (summarised in Figure 16). Six responses with two each from hotel 

engineers, operation managers and accountants were aggregated using geometric mean (see 

Appendix F). The low response rate could due to a long time required (> 60 minutes) to 

complete the matrix. Small sample size is acceptable as MICMAC draws on expert’ opinions 

and in order to avoid difficult matrix resolution (Arcade et al., 1999). The results show that 

‘the availability of the workforce’ and ‘public engagement in RET policy’ are disconnected 

variables and were therefore excluded from further CLD developments. Thirty-six variables 

were then used to develop the CLD1. 

 

Figure 16. MICMAC results showing the variables categorized based on levels of dependence 

and influence  



103 

 

5.5.2 The complex system of RET adoption in the hotel sector 

During the interviews and workshop, each stakeholder group had their own opinions of what 

drives and hinders RET adoption. For instance, hotel representatives identified RET drivers as 

‘tourist levels of comfort and value for money’, ‘the reliability of electricity produced by RET’, 

and ‘the hotel owner perceptions of RET financial benefits’ because they were concerned about 

customer satisfaction. The government representatives were interested in what contributes to 

the continuity of policy incentives, while the electrical provider was highlighting the future 

demand for grid electricity and policy incentives.  

Following the interviews and stakeholder engagement workshop, stakeholders maintained 14 

out of 36 MICMAC variables, deleted 7, evolved 12, dissolved 3, and added 13 new variables, 

bringing to the total of 42 variables in the final CLD (Appendix G summarised 42 variables 

and their transitions). From Appendix G, variables related to Roger’s, Brown’s and Sahal’s 

theories remain, while some variables outside of the theoretical framework but related to the 

hotel sector were deleted. This confirms the importance of technology improvement, 

innovation-induce government’s strategies, and communication among hotels to spread RET 

adoption, and the applicability of the three theories in the RET context. Some of the remaining 

42 variables coincide with those influencing eco-practice adoption in the hotel sector such as 

technology maturity and reliability, government incentives, and mimetic pressure to follow 

other organizations (E. S. W. Chan et al., 2018; Azilah Kasim, 2014). The final CLD (Figure 

17) illustrates the complex interactions among variables influencing RET adoption in the hotel 

sector. There are 22 feedback loops, including 3 balancing and 19 reinforcing loops. Table 14 

summarises a list of feedback loops and stakeholders who identified them. Common variable 

themes are the hotel sector, tourists, technology, and policy. Odd variables were grouped as 

others. Each variable theme is coloured differently.
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Figure 17. The final CLD for RET adoption in the hotel sector in Queensland, Australia.  
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Table 14. Description of feedback loops shown in Figure 17. 

Loop Name  Variables involved (number) Stakeholders who identified loops 
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Balancing B1 19, 35           

 B2 1, 2, 3, 4, 5, 6, 7, 8, 9           

 B3 1, 2, 3, 4, 10, 11, 12, 13, 6, 7, 8, 9           

Reinforcing R1 1, 2, 12, 13, 6, 7, 8, 9           

 R2 14, 15           

 R3 14, 15, 16, 17, 18           

 R4 14, 7           

 R5 1, 2, 3, 4, 19, 17, 18, 14, 7, 8, 9           

 R6 19, 20, 2, 3, 4           

 R7 4, 10, 11, 3.           

 R8 21, 22, 23, 24           

 R9 21, 22, 24           

 R10 21, 25, 24           

 R11 21, 6            

 R12 1, 2, 21, 6, 7, 8, 9           

 R13 1, 2, 21, 22, 23, 26, 27, 7, 8, 9           

 R14 1, 2, 21, 25, 28, 7, 8, 9           

 R15 1, 2, 21, 25, 29, 30, 7, 8, 9           

 R16 1, 31, 32, 26, 6, 7, 8, 9.           

 R17 1, 31, 32, 33, 16, 17, 18, 14, 7, 8, 9           

 R18 1, 2, 12, 34, 33, 16, 17, 18, 14, 7, 8, 9           

 R19 1, 31, 32, 26, 27, 7, 8, 9.           
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5.5.3 System archetypes 

Based upon the final CLD and system archetypes, the Queensland government can incentivize 

RET adoption within the hotel sector, while the tourists will become more aware of the 

environment and in turn benefits the hotel sector over time. However, both fiscal incentives 

and changing tourist behaviours have unintended consequences and may barricade further RET 

adoption.  

5.5.3.1 Government-led RET adoption 

The Queensland government drives the market towards RET adoption and creates two system 

behaviours or archetypes: balancing process with delay, and tragedy of the common. First, 

balancing process with delay archetype (Figure 18) represents a situation where an 

organization is unaware of the delayed results of their solution. Consequently, the organization 

makes an alteration, either greater or lesser than required, before seeing their solution outcome 

(Senge, 2006). In the case of the hotel sector in Queensland, RET incentive policies promote 

RET adoption in two ways. On the one hand, the government funds RET investment and R&D 

(R11), expecting a more economical technology. Cheaper technology will in turn reduce the 

cost of generating electricity from RET, and this will appeal as a more economical option than 

a fossil fuel electric grid. On the other hand, the government subsidises RET adopters through 

the provision of feed-in incentives that promote RET as an income generator (R12). With both 

funding and FIT policies, hoteliers will perceive financial benefits from adopting RET and will 

set aside a fund for RET investment. This fund (also identified as relay variable) will be used 

towards hiring skilful engineers to oversee the RET project, and the capital investment. Hotels’ 

decision to adopt RET will in turn increase the demand for small or medium scale RET (R14), 

and further encourage innovation investment and lower technology price (R11). The increased 

RET demand and lower RET price was observed in Solangi et al. (2011). This archetype 

indicates the continuous tracking of information from the propagating organization (Brown) to 

the potential adopter or resister (Rogers). Decisions to adopt/resist (Roger) would provide the 

necessary correction to be made to the innovation (Sahal) and could influence adoption rate. 

This feedback mechanism is missing from the current literature, yet the omission is significant 

in both theoretical and managerial terms. Thus, this research contributes to the theory by adding 
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the feedback shown with the dashed arrows in Figure 1 whereby the propagating organization 

can learn from adopters and make modifications to the innovation concept.  

Figure 18 highlights the (unknown) time lag between developing new technology and a hotel 

adopting RET. Hotels take time to consider and invest in capital projects, particularly branded 

hotels due to internal structures of (lengthy) decision making processes. As a result, the 

government believes that the policy has been unsuccessful and withdraw the incentive. In turn, 

the inconsistent policy creates an uncertain investment environment and impedes further RET 

development and adoption. The government is the leverage point of the balancing process with 

delay archetype. The government must tolerate delay and maintain the incentive policy until 

the innovation is adopted widely. They must recognize the inherent time for RET R&D to be 

successful and for a hotel sector to adopt the new technology. Alternatively, the government 

can tighten the incentive deadline to pressure the innovation creativity and to accelerate hotel’s 

investment decision. Removing barriers to RET project approval can also stimulate RET 

adoption. In the Queensland context, competing authority levels between the local, state, and 

federal governments, and administrative hurdles are regulation barriers to RET innovation 

(Marin & Rice, 2018).   

 

Figure 18. Structure of balancing process with delay archetype for “RET incentive policy” that 

promote innovation. 
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The second archetype related to RET incentive policy is the tragedy of the commons (Figure 

19). This archetype represents a situation where individuals enhance their own benefits by 

drawing on a limited and common-pool resource. As the resource depletes, individuals increase 

their efforts yet receive diminishing benefits (Senge, 2006). In the case of Queensland, RET 

incentive policy unintendedly reduces the grid-based electricity demand (R5). As a result, the 

electricity distributors suffer reduced profits and, thus, increase the grid electricity price to 

cover the distribution cost. Subsequently, high grid prices will push households and other users 

to generate their own electricity (R6). Reduced demand for electricity from the distribution 

network can impede a large-scale RET investment due to fewer grid-based customers (R7). 

This archetype shows that what started out as an individual business seeking financial gain 

through adopting RET progresses into an unequitable energy accessibility, confirming Hardin 

(2010)’s findings.  

The leverage point of the tragedy of the commons archetype is to manage the distribution 

network through government regulation or public education. Firstly, the government could 

incentivize large-scale RET projects to provide clean energy for electricity consumers. 

Secondly, the government could implement a mandatory grid-maintenance contribution to 

individuals within grid proximity even if there is no grid connection. Similar mandatory fees 

are imposed to maintain the water and sewerage services in Queensland (Queensland 
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Government, 2018f). Finally, businesses and the public need to be made aware of the effect 

they might have when abandoning the grid.  

 

Figure 19. Structure of tragedy of the common archetype for financial benefits from RET 

adoption and distribution network abandoning. 

5.5.3.2 Carry-on benefits from tourists’ changing behaviour 

The third archetype is the success to the successful (Figure 20). This archetype represents a 

situation where a mechanism in which an organization with a good performance is rewarded 

with more resources, leaving those with lower performance with less resources (Braun, 2002). 

As more hotels are adopting RET, tourists will become environmentally sensitised, potentially 

behave more sustainably, and gradually demand more hotels with RET. In turn, the tourists 

reward hotels with RET through their purchasing behaviour. Recent research in the U.S. 

demonstrated that pro-environmental customers seek out hotel websites about pro-

environmental features prior to making their travel decisions (D. C. Taylor, Barber, & Deale, 

2017). Changing customer behaviour further encourages a hotel owner/manager to perceive 

RET as a competitive advantage and adopt more RET (R19), especially when the hotel brand 

is enhanced as a result of environmental practices (Levy and Park (2011).  Second, tourists may 

reward hotels that adopt RET by consuming less electricity during their stay at the hotel, which 

could further reduce the hotel’s electricity bills (R3). Although changing electricity 

consumption behaviour and financial savings require further research and verification, 

ARENA (2017a) found that eighty percent of Australian businesses that already use RET 
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reported intention to invest further because of the financial savings. Subsequently, the hotel 

with RET will have lower energy costs and be able to further invest in RET (R4) or in other 

energy conservation methods (R2). Hotel brand awareness, energy cost savings and 

environmental practices such as energy management was observed in Levy and Park (2011). 

However, some hotels cannot adopt RET for a range of reasons. Some of these are physical 

limitations that cannot be overcome (e.g. lack of roof space for solar, limited sun hours or wind 

power (Lüthi & Prässler, 2011)), while others simply lack budget or expertise.  

The management strategy to overcome success to the successful archetype is to balance the 

achievement of both parties (Senge, 2006). For hotels within grid proximity, the government 

can promote a grid electricity generator to source from renewable resources. This will 

guarantee equal access to clean energy regardless of whether a hotel can or cannot adopt RET. 

Currently, the Queensland Government is auctioning 400 megawatts of LRET projects for 

clean and affordable grid electricity (Queensland Government, 2019). For the hotels beyond 

grid proximity, the government can provide an additional incentive to small businesses towards 

RET. To date, the Queensland government provide a grant of up to $3,000 for a small business 

towards a battery system, or combined solar and battery system (Queensland Government, 

2018c). However, the grant amount is insufficient given an average cost of the smallest 3kW 

solar system is $3,500-5,600 excluding installation cost (Infinite Energy, 2018). The 

government in partnership with the Australian Hotel Association (or other relevant 

organisations) could subsidise engineering consultations to hotels that are unable to attract 

knowledgeable engineers to oversee a RET project. A similar lack of specialists for applying 

environmental practices in the hotel sector and a delay in implementing those practices was 

reported in Al-Aomar and Hussain (2017). Note the system archetype centres around tourist 

behaviours while the leverage point concerns government incentives. This different focus 
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indicates the complexity of the RET system that demands advanced methods such as systems 

thinking to be able to provide adequate solutions to enhance uptake.  

 

Figure 20. Structure of success to the successful archetype for tourists’ preference for hotels 

with RET. 

5.6 Conclusion 

This research applied a systems approach to better understand the complex system of hotel 

RET adoption, involving multiple dimensions of technology, government incentives, tourist 

behaviour and hotel management. This research combined three established, yet thus far not 

integrated, innovation theories, namely: (1) L. A. Brown (1981)’s marketing system; (2) Sahal 

(1981)’s potential demand and technological feasibility of the product; and (3) Rogers (2003)’s 

process for consumer adoption or resistance. Drawing upon a mixed methods, this research 

identified relevant variables through structural analysis method (MICMAC), developed a CLD 

with stakeholder inputs and validation, and identified leverage points for intervention using 

system archetypes.  

With regards to the Queensland hotel sector, the research revealed how the government support 
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is improved over time (Sahal) based on whether hotels adopt or resist the technology (Rogers). 

This finding highlighted that the three different research traditions of Rogers, Brown and Sahal 

are highly compatible and overlap. By relating these theories, we can explain the whole 

complex system of RET and how new technology marketing process starting with innovation 

and culminating in adoption. Such theory integration can help future research to understand 

why a technology might be succeed or fail, as indicated by Rogers (2003).  

Another key finding of this research is that certain drivers in the system may evolve to act as 

either enablers and barriers, depending on the time in a particular feedback loop. In other words, 

given the potential ambiguity of a specific driver, it is prudent to assess the system behaviour 

over time and be quite specific regarding the conditions that lead a driver to act positively (i.e. 

as an enabler) or negatively (i.e. as a barrier). RET incentive policy, whilst catalysing RET 

adoption, could hinder a large-scale RET project and may also lead to increasing fossil-fuel 

dominated electricity grid prices. In sum, the hotels that cannot afford RET adoption are 

negatively impacted twice. Once by an increasing grid tariff, and the latter by the lack of capital 

investment in RET due to shift in tourist demands, which further compromising the 

competitiveness of these hotels.  

However, the combination of Rogers’s, Brown’s and Sahal’s theories does not fully explain 

the innovation adoption in the hotel context where the innovation users and adopters are not 

the same entity. Unlike other contexts where RET adopters and users are the same entity, in 

the hotel context, the RET adopting decision lies on the hotel management team; while the 

tourists are the RET end users and can influence hotel’s decision through their appreciation of 

the technology and word-of-mouth or future purchase behaviour. The entity separation between 

those responsible for RET investment and users is similar to the split incentives, which 

barricades RET investment among rental properties (Department of the Environment and 

Energy, 2013). However, the split incentives are in reverse in the hotel context that the benefits 

associated with the resulting energy savings accrue to the hotel, while the risks associated with 

RET lies upon the tourists. Our CLD highlights the need for theoretical development by adding 

variables such as tourists and their behaviour. Further work on RET adoption in the hotel sector 

could address the theoretical limitation by adding other theories concerning customer-business 

relationships.  

Future research is recommended to host multiple stakeholder engagement workshops to allow 

more attendance and hence improve the model validity. We also acknowledged despite 
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including a multidisciplinary stakeholder team, a group can make a collective mistake. 

However, a stakeholder engagement workshop was applied to limit the risk of incoherence and 

build a common knowledge of RET adoption in the hotel sector. The analysis scope should be 

extended both geographically and in terms of covering policies regarding climate change. The 

CLD presented in this research is subject to the subsequent systems approach steps including: 

developing a quantitative system dynamics model based on the CLD, testing model and policy 

design and evaluation (Sterman, 2000). The quantitative system dynamics model could become 

a platform for policy makers who seek to investigate the impacts of RET policy over time. It 

could also be useful for the hotel owners to predict tourist behaviour and electricity bill 

behaviours. 
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CHAPTER 6 

Adoption Strategies to Help a Hotel Business to Balance Environmental, Social and 

Economic Risks and Benefits 

The previous results chapter examined the drivers and barriers of RET adoption in the hotel 

sector, in Queensland, Australia. It reported that the leverage points to stimulate the transition 

to RET adoption involve government policies and tourists. However, these same leverage 

points can also (unintentionally) form barriers. Despite the problematic role of these actors 

coming to the forefront, the findings were based on the qualitative data. Chapter 6 follows on 

to present the quantitative model of RET adoption in the hotel sector based on the conceptual 

framework developed in Dhirasasna et al. (2020) using system dynamics modelling. The results 

of this chapter address the fourth research question, “What RET adoption strategies help a 

hotel business to balance environmental, social, and economic risks and benefits?”  

This chapter has been published in the International Journal of Renewable Energy, and has 

been formatted to that Journal’s style. The citation is as follows: 
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A System Dynamics Model for Renewable Energy Technology Adoption in 

the Hotel Sector  

Abstract 

Promoting renewable energy technology (RET) adoption among the hotel sector would 

reduce its emissions given that the hotel sector consumes high amounts of electricity. 

Previous research suggests that the adoption of RET in the hotel sector includes an 

interplay between incentive policies, technology advancement, tourist behaviour and 

hotelier perception of RET. However, a quantitative model is needed to triangulate the 

results. System dynamics simulation, in conjunction with the Generalized Bass model, 

was used to model RET adoption for the hotel sector in Queensland, Australia. The 

sensitivity analysis was used to determine the leverage point(s) of RET adoption. The 

results demonstrated that the adoption rate follows the S-curve growth only when the 

market condition is favourable; technology performance leverages RET adoption more 

than the government incentives; and hotelier and tourist perceptions act as market 

accelerators, triggering more adopters to follow suit.  

Keywords: System dynamics; Technology diffusion; Generalised Bass Diffusion model; 

Hotel; Renewable energy technology 

6.1 Introduction 

Promoting renewable energy technology (RET) uptake among the hotel sector could reduce 

the Queensland State of Australia’s reliance on coal and natural gas to generate electricity and, 

subsequently, greenhouse gas (GHG) emissions (Queensland Government, 2020). Hotels rank 

among the largest energy consumers for commercial buildings, on average, because of the 24-

hour load pattern (Lu et al., 2013) subject to location, building design, age, size and type, 

among others (Becken et al., 2001). Hotel electricity consumption in Queensland is likely to 

rise due to an increasing number of hotels and total visitor nights (Dransfield Hotels&Resorts, 

2016; TEQ, 2019) and Queensland’s projected increasing average temperature (Ásványi, 

Juhász-Dóra, Jászberényi, & Michalkó, 2017; Queensland Government, 2018a). Some stand-

alone hotels in Queensland are located outside the interconnected grid and rely on diesel or 

other liquid-fuelled generators (Queensland Government, 2018b) which further emit GHG 

through combustion. Other hotels in Queensland are located in environmentally sensitive areas 
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such as on the World Heritage listed Great Barrier Reef islands and national parks, which have 

high energy cost and low security of energy supply (Dascalaki & Balaras, 2004). Thus, 

promoting RET adoption in the hotel sector may assist Queensland to reduce its GHG 

emissions and provide sustainable electricity. Note that the hotel sector in this research refers 

to commercial tourist accommodation providers, excluding private home rentals or other small-

scale hosted accommodation. RET adoption in this research refers to the use of on-site RET 

such as solar photovoltaic (PV) or wind energy for complete autonomy.  

An earlier work by Dalton et al. (2007) indicates limited available data regarding the number 

of hotels in Queensland that are currently adopting RET. Dalton et al. (2007) comments 

confirm an earlier work of Karagiorgas et al. (2006), indicating that adoption is quite low with 

the exception of solar thermal in the hotel sector globally. This is despite RET being found 

feasible in Queensland hotels (Dalton et al., 2008a, 2009a); and that Queensland government 

provides several incentive policies for businesses. These policies are: (1) a grant of up to 

AU$3,000 for small business towards a battery system, or a combined solar and battery system 

(Queensland Government, 2018d); (2) the small-scale renewable energy scheme (SRES) which 

allows households and businesses to create and sell small-scale technology certificates for 

every megawatt hour they generate to liable entities who must meet their annual renewable 

energy obligations (Australian Government, 2018); and (3) the GreenPower scheme where 

electricity consumers can purchase electricity from an accredited RET electricity provider. 

Three hotels in Queensland purchase GreenPower currently (Greenpower, 2011b). In addition, 

adopting RET could benefit a hotel by maintaining its competitive position, improving and 

adding value to the hotel’s image (Perramon et al., 2014).  

Hotels are often slow to move towards new technology adoption because many key decision 

makers in hotels (often the owner) are cost-oriented with short time horizons (E. S. W. Chan 

et al., 2018). In particular, some of Queensland hotels, and other Australian businesses, lack 

knowledge and perceive that the RET system requires high capital cost, has limited power 

supply, is unreliable, and is not economically viable (ARENA, 2017a; Dalton et al., 2007). The 

disruption of electricity such as blackouts may negatively impact tourists’ experiences and, in 

turn, their decision to return to the property and consequent poor word-of-mouth. Thus, the 

decision to change the source of electricity at the hotel to RET may pose a risk to day-to-day 
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business operation. This research provides insights into the drivers of RET adoption in the hotel 

sector to support the government decision to promote better uptake in Queensland. 

This research builds on a previous publication by Dhirasasna et al. (2020), which has identified 

factors influencing RET adoption in the hotel sector in Queensland, Australia, as the interplay 

between technology, government policy, hotelier perception of RET, and tourist behaviours. 

Their research was based on interviews with representatives from the hotel sector, the 

government, tourists and electricity providers, and suggests further quantitative research is 

needed to understand the dynamics of RET adoption in the hotel sector (Dhirasasna et al., 

2020). This present research aims to bridge this gap and contributes to the literature concerning 

RET adoption by presenting the quantitative model of RET adoption in the hotel sector based 

on the conceptual framework developed by Dhirasasna et al. (2020). The objectives of this 

research are: (1) to assess GHG emissions, tourist willingness to choose a hotel with RET, 

hotelier perception that RET has marketing benefits, and net present value (NPV) of RET; and 

(2) to identify the leverage points of the adoption of RET. The next section contextualises the 

diffusion problem from the perspective of REF adoption. Section 3 presents the methodology 

applied in order to quantify RET adoption in the hotel sector in Queensland. Section 4 presents 

the scenario analysis and Section 5 concludes this research.  

6.2 Diffusion of Renewable Energy Technology 

The adoption of RET in the hotel sector can be considered as a diffusion of innovation because 

it describes the process by which individuals adopt a new technology (RET) to replace the old 

one (fossil-fuelled source) (Dhirasasna et al., 2020; Rogers, 2003). The Rogers (2003) theory 

of diffusion suggests that societal members adopt an innovation in a sequence of time, starting 

from the innovators and early adopters to drive the sales growth, whereas early majority, late 

majority and laggards do so until a level of saturation is achieved. The growth of technology 

purchases is assumed to peak and exponentially decay and is referred to as the S-curve in 

system dynamics literature. The mathematical expression of Rogers (2003) S-curve over time 

was conceived as a Generalized Bass Model (GBM) (Bass, Krishnan, & Jain, 1994), see eq.1. 

𝑓(𝑡)

1 − 𝐹(𝑡)
= [𝑝 +

𝑞

𝑚
𝑁(𝑡)] 𝑋(𝑇) 

(Eq.1) 

where, f(t) is the probability of adoption at time, t; F(t) is the cumulative distribution; p is the 

innovation coefficient representing the external influence to the diffusion process; q is the 
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coefficient of imitation representing the internal influence to the diffusion process, m is the 

number of individuals who will adopt the technology over time; N(t) is the cumulative number 

of adopters; and X(T) represents the current market effort (Bass et al., 1994). 

This research utilizes system dynamics modelling (Forrester, 1961) to simulate the complex 

interrelationship between X(T) aspects influencing RET adoption in the hotel sector as 

described in Dhirasasna et al. (2020). System dynamics incorporates feedback loops, flows, 

accumulation of flows (stocks) and delays, while mathematical equations are used to describe 

the nonlinear relationships (Sterman, 2000). System dynamics allows changing in the model 

structures by adding feedback loops and variables or changing the parameters. By 

understanding the complex systems, decision makers can analyse problems, identify agents 

that influence other agents’ decisions, and select policies to achieve a long-term goal (Donella 

H. Meadows & Wright, 2008). Thus, system dynamics and the objectives of this research are 

congruent on a meta-level and deemed a suitable approach.  

The system dynamics model of GBM has been used in the literature to connect various aspects 

that influence RET adoption decisions (Negro et al., 2012). The literature indicates that 

although the adoption of RET replicates the S-curve growth, as indicated by Rogers (2003), 

the adoption rate can be accelerated when the market condition is favourable. For example, dos 

Santos et al. (2018) found that the adoption of solar PV systems in residential consumers in 

Brazil replicates Rogers’ S-curve growth in a 20-year horizon when the economic, 

management, social, political and technical aspects were favourable. Similarly, Jimenez, 

Franco, and Dyner (2016) found the typical S-curve adoption behaviour of the solar PV system 

among residential consumers in Columbia peaked at 2027 regardless of high or low system 

price. Baur and Uriona M (2018) also observed an S-curve growth of solar PV system adoption 

among house owners in Germany if the financial incentives are in place. Toka, Iakovou, 

Vlachos, Tsolakis, and Grigoriadou (2014) found the low adoption of biomass technology 

among residential users in Greece follows the S-curve growth spanning over 47 years, but the 

adoption rate can be accelerated by using policy intervention including initial investment cost, 

consumer’s environmental awareness, access to pallets, and imposing oil taxes. No study, to 



119 

 

date, has used the system dynamics model form of GBM to understand RET adoption in the 

hotel sector. Next, we describe the model construction. 

6.3 Methodology 

6.3.1 Research design  

This research follows Sterman (2000)’s step for system dynamics modelling. First, we 

formulate the model based on the Dhirasasna et al. (2020) conceptual model using VENSIM 

version 6.3E (x32) (Ventana Systems, 2007). The model covers a time horizon from 2020-2040 

and consists of five aspects, the first of which focuses on the RET adoption model based on 

GBM as its core model; the other four consider the technology, policy, hotelier and tourist 

aspects.  

Given that historical data on the number of hotels that adopt RET in Queensland are not 

available, the stakeholders previously participated in conceptualising a model in Dhirasasna et 

al. (2020), except electricity provider due to their unavailability, were consulted during a 

system dynamic modelling process presented in this research. The individual stakeholders were 

asked to review partial or all aspects of the model related to their fields of expertise and time 

availability (Table 15). During the interviews, stakeholders were shown the running model with 

different variable values and asked if the model behaved as expected. Each model aspect is 

constituted with influential variables to positively influence adoption rate. A list of possible 

system dynamics behaviour according to Sterman (2000) were explained. Stakeholders can 

suggest changes to the model behaviour, values of variables, or add/edit/delete variables. Note 

that Dhirasasna et al. (2020) and Dhirasasna and Sahin (2019) details how stakeholders have 

conceptualised variables and their relationships; and ranks and weights the importance of each 

variable out of 1 to the five certain aspects. The final model was presented to the tourism and 

engineer experts twice.  

Next, we formulated three scenarios as per stakeholder interest encompassing assumptions 

ranging from slight interest in RET to the ambitious pursuit of renewable resources; and 
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evaluated these scenarios based on GHG emissions, tourist willingness to choose a hotel with 

RET, hotelier perception that RET has marketing benefits, and NPV of RET.   

Finally, we conducted the sensitivity analysis to assess variables impacting the dynamic 

behaviour of the model in order to leverage the policy intervention (Maani & Cavana, 2007). 

Maani and Cavana (2007) recommends selecting only parameters most likely to influence 

model behaviour. Dhirasasna and Sahin (2019) identifies six influential parameters to RET 

adoption in the hotel sector in Queensland as: (1) technology performance; (2) technology 

price; (3) government subsidy; (4) SRES scheme; (5) tourist willingness to choose hotels with 

RET; and, (6) tourist in-room electricity consumption. However, their research was conducted 

using a qualitative approach. To confirm their findings, we conducted univariate sensitivity 

analyses in the VENSIM software on all parameters related to technology, government, tourist 

and hotelier aspects on adopters (see Appendix H). 

Table 15. Stakeholder involvement in each model aspect. 

Stakeholder category Stakeholder group Aspect 

Hotel sector Hotel managers All model 

 Hotel owners All model 

 Hotel engineers All model 

 Hotel accountants Policy 

 Hotel sustainable 

accreditation companies 

Hotelier, Tourists 

Tourists Academic experts in tourist 

behaviours 

All model 

Government Local government  

 Tourism organization  

6.3.2 Model formulation 

6.3.2.1 Diffusion model 

The first aspect of the model (highlighted in black in Figure 21) presents the indirect impact of 

hotel growth and, subsequently, the number of potential adopters. In 2016, there were 1,235 

hotels in Queensland (Queensland Government, 2018e) with net hotel growth rate at 1.6% 

(COAG, 2012). Stakeholders assumed that Queensland could have a maximum of 20,000 

hotels before hotels being oversupplied and that, on average, it takes five years to complete 

construction of a hotel. This research assumes that 85% of the total hotels are interested in RET 

and/or located in an area that is technologically available and feasible. GHG emission is 
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calculated based on electricity consumption from hotels that remain on the grid with an 

emission factor of 0.82 kgCO2eq per kWh for Queensland (CoolAustralia, 2013). 

Potential adopters converted into adopters depend on the adoption rate (eq.2).  

Eq. 2 is composed of: (1) the innovator adoption rate, p*PA, where p is the coefficient of 

innovation, to represent the constant fraction of potential adopter (PA) converts into adopters 

in each time period (Sterman, 2000); (2) imitator adoption rate, q*PA*ARET/Total hotel, where 

q is the coefficient of imitation and ARET are the adopters of RET, to represent adoption from 

imitation or word-of-mouth; and (3) influential aspects including technology, policy, hotelier 

and tourists; and their contributions in the decision to adopt RET.  

The contribution of each aspect out of 100% was identified by the hotel manager, hotel 

accountant, and hotel engineering, reporting in fractions. This research also considered the 

reverse case that, after the average period of use (assumed 30 years for technology lifetime), 

previous adopters drop out of the adopter stock and become potential adopters again. This 

research assumes that the unit sales of the product coincide with the number of initial purchases 

(Bass, 1969). 

Bass (1969) examination of 13 studies found that p values range from 0.0025 - 0.0347, and p 

from 0.1711 - 0.5541. This research is unable to estimate the value of p and q for RET adoption 

in the hotel sector, Queensland, Australia, due to lack of data. Given that the RET adoption in 

the hotel sector is low, we opted for the lowest value of p at 0.0025; and the highest value of q 

to represent a high financial attractiveness and daily exposure of Australians to RET.  

6.3.2.2 Technology aspect 

As per the stakeholders, the technology aspect depends on the technology price and 

performance (highlighted in green in Figure 21). The cost of electricity produced from RET is 

approximately 0.219 $/kWh (ARENA, 2018). The technology price falls over time as the RET 

sector gains more experience through increasing RET adoption and production (Neij, 2008). 

The negative relationship between cost and experience is expressed as the progress ratio, which 

assumes that the technology cost remains after a doubling experience (Yu, Li, Che, & Zheng, 

𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒

= 𝑝 ∗ 𝑃𝐴 + 𝑞 ∗ 𝑃𝐴 ∗
𝐴𝑅𝐸𝑇

𝑇𝑜𝑡𝑎𝑙 𝐻𝑜𝑡𝑒𝑙
∗ (0.3

∗ 𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 + 0.2 ∗ 𝑃𝑜𝑙𝑖𝑐𝑦 + 0.25 ∗ 𝐻𝑜𝑡𝑒𝑙𝑖𝑒𝑟

+ 0.25 ∗ 𝑇𝑜𝑢𝑟𝑖𝑠𝑡) 

(Eq.2) 
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2017). This research applies the 20% progress ratio of RET global standard (Elshurafa, Albardi, 

Bigerna, & Bollino, 2018). To maintain the competitiveness, RET firms continually adjust their 

price to the target price (Mak, 2017), represented in this model as ratio of target price-to-cost 

price. The ratio can be set as a percentage above or below the cost price. This research also 

accounts for adjustment time or time taken by the firm to adjust their price to the target level 

as a result of administrative hurdles and decision-making lags in the firm.  

The RET company has an option to reinvest a share of its profit in research and development 

(R&D), which could then improve the technology performance via accumulating knowledge 

(Louis, Lakonishok, & Sougiannis, 2001). Ahmadian (2008) suggests that for every dollar 

spend on R&D, knowledge increases by 0.01%. Eq.3 presents the adoption rate in relation to 

the technology aspect.  

𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 = 𝑇𝑃 ∗ 0.6 + 𝑃𝐼 ∗ 0.4 (Eq.3) 

where TP is the technology price and PI is performance improvement.  

6.3.2.3 Policy aspect 

According to the stakeholders, the policy aspect depends on government subsidy for purchasing 

the RET system and the selling price of SRES credits, both of which hoteliers perceive as a 

possible income generator. The policy aspect is highlighted in purple in Figure 21.  

The subsidy from the government is AU$3,000 (Queensland Government, 2018d), and is 

considered in this model as either available ($3,000) or not available ($0). Regarding the SRES, 

the certificate price depends on the supply-demand for credits. Credit demand is set by the 

government annually as yearly required small-scale technology percentage. When the supply 

is greater than demand, the certificate price is reduced, and vice versa. The change of price is 

delayed by how responsive the market is to the ratio of supply and demand, and the lag from 

when the credit is being registered to traded. In 2019, the small-scale technology percentage 

which liable entities are required to surrender is 21.73% or approximately 37.5 million 

certificates (Clean Energy Regulator, 2019). However, the registered certificate was in surplus, 

with 348,000 certificates pending for sale in that period (Clean Energy Regulator, 2019). Eq.4 

shows the adoption rate by policy aspects.  

𝑃𝑜𝑙𝑖𝑐𝑦 =  (0.5 ∗ 𝑆𝑅𝐸𝑆) + (0.5 ∗  𝐺𝑆) (Eq.4) 

where SRES is income from SRES credits and GS is government subsidy.  
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6.3.2.4 Hotelier aspect 

The results of stakeholder workshops indicated that a hotelier perception to adopt an RET 

depends on four variables (highlighted in pink in Figure 21). First, hoteliers perceive positively 

in-house engineers’ recommendations to adopt an RET. This research assumes that in-house 

engineers recommend hoteliers to adopt RET given that the cost of adoption is lower than that 

of the grid in Queensland (Green Energy Markets, 2018). However, there is a time lag in 

rapport-building based on meetings, work experience and the length of employment of an 

engineer, as per our interviews with engineers of a small privately-owned and large 

international chained hotel in Queensland.  

Second, the financial benefits of other energy-saving practices already in place in the hotel can 

arouse hoteliers to adopt RET. However, there is a delay for the hotel to recognize the benefits 

due to lack of monitoring or reporting of energy-saving practices. This research assumes that 

other energy-saving practices such as lighting retrofit, smart key cards, and shading devices (E. 

S. W. Chan et al., 2017; Theocharis  Tsoutsos, Tournaki, Frangou, & Tsitoura, 2019) are 

currently in place at the hotel and yield financial benefits.  

Third, hoteliers in Queensland are likely to perceive that RET has marketing benefits over time 

when more tourists are willing to choose hotels with RET (Dalton et al., 2007; Dhirasasna et 

al., 2020). However, there is a time lag for tourists to desire renewable energy-sourced hotels 

due to the time tourists take to become aware of environmental issues and gain confidence in 

technology performance. These three perceptions in this model range from 0-100%, with 0 

being weak perception and 100 being strong perception. This research uses perception to 

encapsulate perceived usefulness and intention to adopt technology found in the hospitality 

literature (Meng, Kim, & Hwang, 2015; Mun Lim, 2009; Smerecnik & Andersen, 2011).  

Finally, hoteliers are likely to adopt RET if its NPV is positive and higher than those of the 

grid. In this research, The GRID RET comparator compares the NPV RET and NPV grid, with 

the discount rate of 12% while accounting for financing to buy the RET system, and political 

aspects that make the installation of RET economically competitive. If the net cash flow of 

RET is higher than those of the grid, the comparator is equal to one, otherwise zero.  

For NPV grid, cash outflow calculation uses hotel electricity bill value, single rate electricity 

supply charge, and 12% opportunity cost for staying on the grid, loss of the possibility of 

generating income from SRES and receiving RET subsidy. The retail electricity supply charge 
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for Queensland fluctuates around 0.45 $/kWh and is projected to increase to 1.25$/kWh over 

the period of 2016-2037 (Parisot & Nidras, 2016). No cash inflow can be generated from the 

grid.  

Note that choosing an appropriate discount and opportunity rates is currently a debating topic 

in the literature, for example, Scarborough, Sahin, Porter, and Stewart (2015) and Christian 

(2014). This research acknowledges that the Australian government recommends a discount 

rate at 3% and 10% (Australian Government, 2016). However, a higher discount rate is more 

appropriate for private projects given higher risk and diversity of risk profile associated with 

private sector investment (Grout, 2003). In line with this argument, the 12% discount rate and 

opportunity cost were selected as a base rate. The further results of sensitivity analysis of the 

interest rate, discount rate, and opportunity cost varying between 1-15% indicated that the 

model is insensitive to changes of these rates (see Appendix A). This is possibly because the 

behaviour of the model is influenced by other factors such as technology, policy, and tourist 

aspects.  

For NPV RET, cash inflow can be generated from: (1) savings from generating own electricity 

calculated from electricity supply charge by retail; (2) bank loan, assuming 60% of the total 

required investment in the RET system, inserted as debt financing fraction; (3) certificate 

selling value subject to the size of installed system; and, (4) $3,000 government subsidy for 

RET system instalment (Queensland Government, 2018d). Cash outflow from RET is 

calculated from: (1) 12% interest payment; (2) principal repayment with three years’ debt 

retirement time; (3) operation and maintenance cost at 2% of the required RET system 

investment value and 1.8% inflation rate; (4) 12% opportunity cost for using own capital for 

investment; and, (5) RET electricity supply charge at $1.276 per day when selling credit back 

to the grid is calculated (EnergyAustralia, 2020). Figure 21 shows that there is a decrease in 

price of RET with the increase of adopters, which will increase the NPV of RET and, 

consequently, increase the adoption rate. Eq. 5 presents the adoption rate related to the hotelier 

aspect.  

𝐻𝑜𝑡𝑒𝑙 =  (0.2 ∗ 𝐻𝐺) + (0.31 ∗ 𝐶𝐺𝑅) + (0.31 ∗ 𝐻𝐹) + (0.13 ∗ 𝐻𝑀) (Eq.5) 

where HG is hotelier perception of in-house engineer’s recommendation to adopt RET, CGR 

is hotelier perception of economic benefit when considering the NPV value of RET and the 

energy grid, HF is hotelier perception of other energy-saving practices having financial 

benefits, and HM is hotelier perception that RET has a marketing benefit.  
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6.3.2.5 Tourist aspect 

The wording highlighted in brown in Figure 21 indicates how the tourist aspects can influence 

hotels to become adopters. First, as tourists become aware of environmental issues and 

improving technology performance over time, they become willing to choose hotels with RET, 

thus promoting RET adoption among the hotel sector. 

 Second, as the Queensland temperature is projected to increase by up to 4 degrees 

Celsius (CSIRO, 2016), most tourists (98% as per stakeholders) will increase their electricity 

consumption via a cooling method, thus pressuring hotels to source cheaper energy sources 

other than the grid. This research assumes that tourists cannot increase their electricity 

consumption higher than the maximum in-room electricity consumption of 190 kWh/m2 

(International Tourism Partnership, 2014). This model also accounts that some tourists (2% as 

per stakeholders), who are concerned about the environmental issues will engage in 

environmental practices by reducing their in-room electricity consumption. However, tourists 

cannot lower their electricity consumption below 80 kWh/m2 due to unavoidable activities such 

as turning on the electricity at night time (International Tourism Partnership, 2014). Eq. 6 

shows the adoption rate by tourist aspect. 

𝑇𝑜𝑢𝑟𝑖𝑠𝑡 =  (0.31 ∗ 𝑇𝐵) + (0.69 ∗ 𝑇𝑊) (Eq.6) 

where TB is tourist in-room electricity consumption behaviour and TW is tourist willingness to 

choose an RET hotel. This research acknowledges that the proportion of green tourists staying 

could be different for different accommodation types, particularly those that advertise as 

sustainable accommodation (Diab, Lan, Zhang, & Ali, 2015). However, the proportion of green 

tourists used in this research is based on stakeholder assumption of the whole sector rather than 

individual accommodation.  
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Figure 21. Simplified causal loop diagram of RET adoption in the hotel sector, Queensland, Australia (single fitting image) 
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6.4 Results analysis and discussion 

6.4.1 Scenario development 

The accomplished scenario analysis aimed at predicting the number of adopters and its 

outflows (GHG emissions, tourist willingness to choose hotels with RET, hotelier 

perception that RET has marketing benefits, and NPV of RET) by 2040. Evaluating a 

combination of meaningful and plausible scenarios provides a rational comprehension of 

adopters based on the best and worst-case combination of scenario parameters. A set of 

management strategies in the RET sector and government policy, coupled with different 

hotelier and tourist levels of perceptions, were considered. The scenarios are expected to 

provide decision makers and stakeholders with a holistic view and insight into the 

conditions that harbour adopters in Queensland, Australia, up to 2040. Three scenarios 

were used in the modelling procedure:  

Innovator scenario: Under this scenario, the government awards a subsidy of 

AUD$3,000 to businesses that take up an RET system. Regarding the technology aspect, 

RET performance improves rapidly and the RET companies adjust their prices to the 

target price swiftly in order to remain competitive. Hoteliers perceive positively in-house 

engineers’ recommendations to adopt RET and that other sustainable practices have 

financial benefits. The hoteliers observe whether RET has marketing benefits. Under the 

innovator scenario, increasing numbers of tourists become aware of the environmental 

issues. Tourists act on their concerns by preferring to choose hotels with RET and 

consuming less electricity when staying at the hotel, even when Queensland is warmer. 

However, some tourists still consume more electricity due to the increasing temperature, 

adding pressure on hotels in terms of energy expense. 

Reluctant scenario: Under this scenario, government subsidy is unavailable. The 

technology performance improves moderately. However, technology companies 

gradually respond to the RET market price. Hoteliers are somewhat sluggish to recognise 

that other sustainable practices are financially beneficial, and to adjust their perception of 

in-house engineers’ recommendations to adopt RET. Hoteliers are also slow to recognise 

that their hotel could benefit financially from using RET to differentiate its products. This 

is because tourists are reluctant to be concerned about the environmental issues. 

Subsequently, there is a delay for tourists to respond positively to a hotel’s efforts to adopt 
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RET and to reduce their electricity consumption out of environmental awareness. On a 

positive note, some tourists tolerate an increasing temperature and delay their increasing 

electricity consumption. Thus, hotels are not under pressure with high energy expenses. 

Laggard scenario: The government subsidy is unavailable under this scenario. The 

technology performance is stagnated and has not improved. Moreover, the technology 

companies are very passive concerning adjusting their current technology price to the 

target price. Hoteliers are disinclined to recognize benefits from sustainable practices and 

marketing product differentiation from adopting RET. Hoteliers are indifferent to in-

house engineers’ recommendations for RET. Similarly, tourists are almost inactive 

concerning environmental issues. Tourists are slow-moving to prefer hotels with RET or 

to reduce their electricity consumption while staying at the hotel. Tourists are also 

unresponsive to the changing temperature in Queensland, thus putting minimal pressure 

on hotels’ energy expenses. 

6.4.2 Scenario analysis 

The model was run under three scenarios for a life span of 20 years. The results optioned 

were discussed to ascertain and compare the impact of various scenarios on adopters 

(Figure 22) and the impact on GHG emissions (Figure 23), tourist willingness to choose 

hotels with RET (Figure 24), hoteliers’ perceptions that RET offers marketing benefits 

(Figure 25), and NPV of RET (Figure 26).  

6.4.2.1 Innovator scenario 

The innovator scenario generated the highest adopters at 1,273 hotels at 2040 when 

comparing with other scenarios. As a result of high adopters and less in-room electricity 

consumption by tourists out of concern for the environment, the innovator scenario 

emitted the least GHG at 25,283,500 khCO2eq in 2040. As a result of decreasing 

electricity consumption by tourists, hotels can select smaller RET systems, reducing their 

required capital. By approximately 2025, most tourists expect the hotels to be powered 

by RET. Subsequently, nearly 80% of hoteliers perceive that installing RET has 

marketing benefits by approximately 2027. Under the innovator scenario, NPV of RET 

is the highest when compared with other scenarios at AUD$329,462 with a 12% discount 

rate. This is because part of the RET investment is offset by the government subsidy, thus 

lessening the loan amount, interest payment and opportunity cost.  
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6.4.2.2 Reluctant scenario 

The reluctant scenario generated 1,166 hotels adopting RET at 2040, ranked second 

highest when comparing with other scenarios. The GHG emissions rate was reduced 

gradually throughout the 20-year period and was emitted at 38,317,600 khCO2eq in 2040. 

The hotels have higher RET investment-related expenses because the government 

subsidy is unavailable. However, NPV is positive and ranked second at AUD$328,995 at 

2040. Cash flow in the reluctant scenario NPV is higher than the laggard scenario because 

more tourists are concerned about the environment and consume less electricity. By 

approximately by 2027, more than half of the tourists would be willing to choose hotels 

with RET. Subsequently, by 2030, approximately half the hotels would recognize this 

marketing effect.  

6.4.2.3 Laggard scenario 

The laggard scenario generated the least adopters at 445 hotels at 2040. As a result, the 

GHG emissions rate produced by electricity consumption in the hotel sector in 

Queensland continues to increase. It is not until approximately 2035 that the GHG 

emission rate reduces slightly as a result of the higher adopter. The GHG emission rate 

at 2040 is approximately 104,062,000 khCO2eq/year, the highest in all scenarios. The 

NPV RET for the laggard scenario is positive yet ranked the lowest due to lack of 

government subsidy and, subsequently, increased investment-related expenses. 

Moreover, tourists are not concerned about the environmental issues and consume high 

amounts of in-room electricity, further increasing the hotel energy expenses. As a result, 

hotels that wish to adopt RET are required to install a larger system to support high 

electricity demand, which further increases the investment-related cost. In response to 

tourist indifference towards RET, a minimal number of hoteliers believe that RET offers 

marketing benefits. It is not until approximately 2035 that there are some minor changes 

in the hotel sector’s perception about RET and their product differentiation.   
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6.4.3 Sensitivity analysis 

The value of 29 variables were individually modified between minimum and maximum, 

with a fixed 10% increment (Maani & Cavana, 2007) and a simulation was run for each. 

Appendix A illustrates the confidence bound graphs of 50%, 75%, 95% and 100% for all 

the output values for adopters of the 29 parameters. The red line in the graphs represents 

the mean value at each point in time. Note that confidence-bound graphs provide an 

estimation for the adopters. For more accuracy, optimization methods must be applied to 

find the best contribution percentage in different periods. Sensitivity analysis is carried 

out to achieve an overview of how adopters will respond to the changes in the selected 

variables. 

6.4.3.1 Sensitivity results 

By applying a simple optical comparison between all confidence-bound graphs, adopters 

is sensitive to changes of 12 parameters including: (1) technology life span; (2) share of 

profit on investment (on technology); (3) adjustment time (for RET companies to meet 

target price); (4) government subsidy; (5) time for hotelier to believe in engineer 

recommendation; (6) time for hotelier to adjust perception that other sustainable practice 

has financial benefits; (7) time for hotelier to adjust belief that RET has marketing 

benefits from the hotelier sub-model; (8) Queensland temperature change; (9) time it 

takes for tourists to adjust to temperature change; (10) time it takes for tourists to change 

behaviour from the tourist sub-models; (11) net hotel growth rate; and, (12) time to build 

hotel (Table 2).  

The model shows a strong reaction to the changed net hotel growth rate and time to build 

hotel. However, because the shares of adopters were doubled, the reaction must be 

regarded as infinitesimal. Thus, these two variables were excluded and only 10 variables 

are further considered in the definition of scenarios.  

Our two research results contradict the qualitative findings of Dhirasasna et al. (2020). 

First, our research indicates that adopters are insensitive to changing SRES schemes due 

to the fluctuating credit price with demand-supply dynamics. This implies that the policy 

that stakeholders in Dhirasasna et al. (2020) perceived to influence adopters may not 

entirely be feasible when being measured quantitatively. Second, unlike the results from 

Dhirasasna et al. (2020) that dismiss hotelier perceptions, our research finds that 



131 

 

shortening the time hoteliers take to perceive financial benefits of RET marketing and 

other sustainable practice, and the engineer’s recommendation to adopt RET, can promote 

more adopters. We acknowledge the importance of qualitative data; however, our 

quantitative results indicate that people’s expectations about the system behaviour, 

particularly a complicated dynamic system, could be enhanced by also using the 

quantitative data. We agree with Sterman (2018) that using both quantitative and 

qualitative data in system dynamics modelling could triangulate and provide an important 

check on reliability.



132 

 

Table 16. Sensitivity analysis result of 12 variables on number of hotels adopting RET in Queensland, Australia 

  Univariate test values Results on number of adopters (hotel) 

 Parameters Min Max Interval Unit Min Max Mean Median StDev 

1 Net hotel growth rate 0 1 0.01 Fraction (%) 1001 58,040 35,010 42,960 20,290 

2 Time to build hotel 1 10 1 Year 1,117 2,848 1,403 1,201 487.7 

3 Technology life span 1 30 1 Year 4.241 1,252 1,058 1,244 360.7 

4 Share of profit on investment 0 1 0.1 Fraction (%) 1,305 3,333 1,310 1,306 8.883 

5  Adjustment time 1 5 0.5 Year 1,181 1,247 1,237 1,245 19.06 

6 Government subsidy 0 3000 0 AUD$ 1,157 1,245 1,205 1,209 29.36 

7 Time for hotelier to believe in engineer 

recommendation 

1 10 1 Year 1,235 1,245 1,240 1,241 3.165 

8 Time for hotelier to adjust perception 

that other sustainable practice has 

financial benefits 

 

1 10 1 Year 1,234 1,246 1,238 1,238 4.943 

9 Time for hotelier to adjust belief that 

RET has marketing benefits 

1 10 1 Year 1,240 1,249 1,244 1,243 2.774 

10 Temperature change 1 4 0.1 Celsius 1,245 1,250 1,249 1,250 1.612 

11 Time take tourist to adjust to 

temperature change 

1 10 1 Year 1,239 1,251 1,245 1,245 4.101 

12 Time take tourist to change behaviour 1 10 1 Year 1,230 2,252 1,243 1,245 7.442 
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Figure 22. Sensitivity analysis of adopters on selected leverage points (2-column fitting image) 

 

Figure 23. GHG emission rate of the hotel sector, Queensland, Australia from electricity 

consumption, year 2020-2040 (2-column fitting image) 
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Figure 24. Tourist willingness to choose hotel in Queensland, Australia with RET over 2020-

2040 (2-column fitting image) 

 

Figure 25. Hoteliers in Queensland, Australia believe that RET has marketing benefits, year 

2020-2040 (2-column fitting image) 
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Figure 26. Comparison of NPV of RET at 2040 between Innovator, Reluctant and Laggard 

scenarios 

6.5 Conclusions and future work 

The system dynamics model of RET adoption in the hotel sector, Queensland, Australia, was 

presented. The model was built using VENSIM based on the Dhirasasna et al. (2020) 

conceptual framework and in conjunction with the Generalised Bass Model. Scenario and 
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the adoption of RET in other service sectors.  
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examination of innovation diffusion to examine the problem of RET adoption from multiple 

perspectives (Deshpande, 1983; Dhirasasna et al., 2020; Kelly & Kranzberg, 1978; Rao & 

Kishore, 2010). 

Another key finding of this research is that, in the hotel sector where customer satisfaction 

during their stay is vital to business survival, hotels may dismiss taking up RET despite it being 

proven economically viable because it poses the risk of electricity disruptions and may 

compromise tourist experience. In the Queensland case, where the cost of RET is already lower 

than that of the grid, it is suggested that government funds can be rechannelled to improve 

technology (i.e., investment on R&D) so that its performance could give confidence to tourists 

choosing to stay at renewable-sourced properties.  

Our research also contributes to the literature of RET adoption in the business context by 

addressing a paradox where businesses are unlikely to adopt RET unless their customers are 

supportive, yet customers are less likely to support without the business leadership. By 

embarking on sustainability through RET adoption, our results show that hotel businesses could 

gain twice the benefits through energy savings and creating greener customers, thereby 

fostering business longevity. Hotels are recommended to incorporate RET adoption in business 

strategies, engage the organization broadly and quantify the return on investment on 

sustainability.  

The results of this research are limited to the broad examination of the system of RET adoption 

in the hotel sector and may not reflect individual hotels’ operation. In particular, different hotel 

star rate and brand affiliation may impact the available capital for RET investment; and 

different types of tourist (i.e. eco-conscious) may influence their in-room electricity 

consumption (Dhirasasna et al., 2020). To accommodate this limitation, a number of 

stakeholder consultations were used to developed this model (see Dhirasasna et al. (2020) and 

Dhirasasna and Sahin (2019) for details). However, given that the literature of RET adoption 

in the business context remains in its infancy (Andrews & Johnson, 2016), we argue that such 

non-specific examination is deemed crucial and that future research could adopt this model to 

a specific hotel case.  

Future research is recommended to disseminate this research and narrowly focus on a certain 

aspect that influences RET adoption in the hotel sector. In particular, this research assumes that 

word-of-mouth value (imitator, q) is constant. However, we acknowledge that there is a 
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possibility that the hotels adopting RET the earliest may affect potential adopters differently 

than those who simply purchase the product. Future research is recommended to divide the 

total adopter population into two categories: active adopters and former adopters, and that 

word-of-mouth value is generated by the population of active adopter only. This research did 

not receive any specific grant from funding agencies in the public, commercial, or not-for-

profit sectors. 
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CHAPTER 7 

Conclusion 

Promoting RET in the hotel sector could help reduce greenhouse gas emissions because this 

sector is one of the largest electricity consumers among commercial buildings. Electricity, 

especially in Australia where this study took place, is often generated by burning fossil fuels 

(dominantly coal) which results in a high carbon intensity. Benefits of adopting RET are 

potentially enormous, the literature has indicated that RET could be disruptive and has 

unintended consequences. As RET adoption among the hotel sector is relatively new, this thesis 

aims to make a fundamental research contribution by analysing RET adoption strategies and 

identifying those that: (a) create the least negative impacts to the hotel stakeholders; and (b) 

promote sustainable growth of RET adoption. The purpose of this concluding chapter is to 

present the key findings and insights generated that help to address this aim by synthesising 

the results generated from the four stages of research described in this thesis. This chapter also 

discusses the research contribution, limitations, and the implications of this research and its 

broader contribution. It concludes by outlining opportunities for future study.  

7.1 Key findings in response to Research Questions  

The first stage of this research clarified the scope of work, its significance and the specific 

nature of the problem to be addressed using a systematic quantitative review of literature 

concerning hotels and renewable energy. The stage addressed the first research question: “What 

are the variables influencing RET deployment decisions in the hotel sector?” The key finding 

was that there were multiple aspects influencing RET adoption in the hotel sector including 

technology feasibility and economic viability, the government, hoteliers and tourists. This 

finding indicated the complex system of RET adoption in the sector. However, there was a 

disconnect between these aspects.  

The implication of this first stage laid the groundwork for the rest of this thesis to examine the 

connectivity of technology, government, hotelier and tourists and their influence on RET 

adoption in the hotel sector. A systems thinking approach was deemed suitable to explore the 

interconnectedness of the phenomenon because it views the phenomenon holistically and 
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recognizes that the relationships between system elements are more important in determining 

system behaviour than the element itself (Mingers & White, 2010).  

The second stage of this research conceptualized the systems surrounding RET adoption in the 

hotel sector using the systematic quantitative literature review, stakeholder interviews and a 

structural-analysis MICMAC (Impact Matrix Cross-Reference Multiplication Applied to a 

Classification). This stage addressed the second research question: “What are the implications 

of RET adoption decisions in the hotel sector?” The second stage illustrated two key findings. 

First, stakeholders indicated that not all 81 variables identified from the literature review were 

relevant to RET adoption in the Queensland hotel context. Following the interviews, 42 key 

variables were identified. This finding showed that although RET adoption is a shared research 

phenomenon globally, decisions to adopt RET varies according to the researched context. 

Spatial dimension or context was found influencing other sustainable development such as food 

growing, cycling, carsharing, and urban gardening (Baker & Mehmood, 2015). The literature 

suggests that characteristics of a place including its social, economic and cultural components 

act as an enabler promoting innovation diffusion (Gieryn, 2000). The interactions between 

organisation, institutions, social norms and values can strengthen the social relations at a 

particular context, which in turn bring positive (or negative) social transformation (Putnam, 

2004). Examples of context-specific sustainable development strategies include Local Agenda 

21 action program, the WEHAP (water, energy, health, agriculture and biodiversity) Agenda, 

and Transition Towns’ movement (Scott-Cato & Hillier, 2010). Second, based on stakeholder 

responses, the MICMAC analysis found that each relevant variable has different degrees of 

influence to RET adoption in the hotel sector. This finding indicated that not all variables can 

be the leverage point to RET adoption.  

The results from this second stage informed a conceptual model of RET and the hotel sector 

system, developed using a causal loop diagram method. This method is a systems thinking tool 

for visualizing relationships between elements. The model showed how government incentives 

can generate RET invention and how RET improvement can influence or deter RET adoption 

in the hotel sector over time. These links confirmed the benefit of integrating three innovation 

theories, namely (1) L. A. Brown (1981) marketing system; (2) Sahal (1981) potential demand 
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and technological feasibility of the product; and, (3) Rogers (2003) process for consumer 

adoption or resistance.  

The third stage of this research identified the leverage point for RET adoption in the hotel 

sector by reviewing the system behaviour of the developed causal loop diagram and identifying 

the coherent system archetype. The stage addressed Research Question 3: “What are the key 

opportunities and barriers related to RET adoption in the hotel sector?” Three system 

archetypes were found. First, as tourists become environmentally sensitized and demand more 

renewable-energy sourced hotels, some hotels that are unable to adopt RET will be 

disadvantaged (because of relatively lower demand) resembling a success to the successful 

archetype. The leverage point of this archetype is to promote renewable-sourced grid electricity 

to guarantee equal access to clean energy via the grid. Hotels outside of grid proximity should 

receive extra incentives to adopt RET.   

Second, the Australian government can lead more RET adoption via R&D and investment 

funds and adoption subsidies. However, given that there is a time delay for a technology to be 

developed and for a hotel to invest in RET, the government is likely to withdraw the policies 

before they are fruitful, causing a balancing process with delay archetype. The leverage point 

is for the government to maintain the incentive until RET is adopted widely or tighten the 

incentive deadline to accelerate the process. Removing barriers to RET projects approval is 

another leverage point of the balancing process with delay. Third, government policies 

incentivizing RET adoption could unintentionally reduce grid electricity demand and increase 

grid electricity price. Reducing demand for distribution networks could impede large-scale 

RET investment, resembling a tragedy of the commons archetype. The leverage points are: (1) 

promoting large-scale RET to distribute renewable-sourced electricity to those having access 

to already-existing grid distribution network; (2) imposing mandatory grid-maintenance; and, 

(3) making the businesses aware of the effect of abandoning the grid.  

The implication of the third stage is that certain drivers can act as either enablers or barriers to 

RET adoption at certain times of the system. By using a systems thinking approach, the system 

behaviour and conditions that lead to particular behaviours to act positively or negatively can 
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be revealed. The identified leverage points were limited to qualitative findings and laid a 

foundation for the next exploration.   

The fourth stage of research quantified the nature of the dynamics inherent in the system using 

a stock-and-flow simulation. The stage addressed Research Question 4: “What RET 

deployment strategies help hotel businesses to balance environment, social and economic risks 

and benefits?” The simulation comprises nearly 200 variables identified from stakeholders and 

literature (expanded from the previous 42 variables). The simulation structure was based on 

the developed causal loop diagram and on the Generalized Bass Diffusion model (GBM). The 

GBM assumes the exponential growth in product purchases induced by buyers and marketing 

efforts (Bass et al., 1994). The simulation included five aspects of RET adoption: (1) the GBM 

diffusion model; (2) the technology aspect (price and performance); (3) the government aspect 

(subsidy and the selling price of a small-scale renewable energy scheme); (4) the hotelier aspect 

(perception of in-house engineer’s recommendation to adopt RET, perception of other energy-

saving practices having financial benefits, perception of RET having a marketing benefit, and 

perception of economic benefit when considering the net present value of RET and the energy 

grid); (5) the tourist aspect (tourists’ willingness to choose hotels with RET and tourist average 

electricity consumption per room). The model was used to empirically simulate adoption 

dynamics over a 20-year period. 

The fourth stage produced two key findings. First, although government incentives can increase 

the net present value with a 12% discount rate of RET, its absence has a negligible impact on 

RET adoption. This is because the cost of electricity produced from RET is already lower than 

that from the grid in the Queensland context. In addition, technology price and performance 

were found to be a better leverage to encourage hoteliers to adopt RET. As the number of hotels 

with RET rises, a positive feedback loop might emerge in which hotels proactively use their 

environmental features in marketing to more environmentally - conscious visitors, who then 

might choose low-carbon hotels over those who have not installed RET. This first key finding 

indicates that in the hotel sector context, where customer satisfaction during their stay is vital 

to business longevity, hotels may dismiss taking up RET despite it being proven economically 

viable because it poses a risk of electricity disruptions and may compromise tourist experience.  

The above result indicates the discrepancies between a qualitative causal loop diagram and a 

quantitative simulation, particularly an overconfidence in government policies and an 

underestimation of the hotel’s power to influence RET adoption. This research asserts the 
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usefulness of triangulating research methods, both qualitative and quantitative, to understand 

system interactions. Whilst the qualitative method can be useful, this research confirms 

Sterman (2018) conclusion that people are unable to anticipate system behaviour. For the non-

linear and high-order systems of RET adoption in the hotel sector, using the intuition solution 

may lead to bias and overconfidence.    

The second key finding reveals that the RET adoption rate in the hotel sector in Queensland 

follows Rogers (2003) S-curve growth only when the market is favourable such as having a 

continuously improving technology, market responsive hoteliers, and environmentally-

conscious tourists. The result indicates the complex system of RET adoption, and that simply 

knowing about RET does not necessarily lead to adoption. The implication of this key finding 

echoed the usefulness of integrating three theories (L. A. Brown (1981); Sahal (1981); Rogers 

(2003)). Table 16 summarizes the key findings against the research questions.  
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Table 17. Summary of research questions, methods and findings. 
Research question   Modelling 

process 

Method Data collected Key findings 

1 What are the variables influencing 

RET deployment decisions in the 

hotel sector? 
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54 peered-review 

journal articles 

Enablers of RET adoption in the hotel sector are: technology, 

economic viability, hotelier, tourists and the government.  

2 What are the implications of RET 

adoption decisions in the hotel 

sector? 
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6 completed matrices 

from stakeholders 

36 endogenous variables related to technology, government, 

hotelier and tourist perceptions were classified into nine roles 

based on the different levels of influence and dependence to RET 

adoption in the hotel sector.  

   

 M
IC

M
A

C
 

 Strong relationships between 36 variables along with relationships 

as indicated by the literature review were merged, providing the 

map of system structure  
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Diagram developed 

during 14 face-to-face 

interviews and a 

stakeholder 

engagement workshop 

The final CLD contains 42 variables related to technology, 

government, hotelier and tourists.  

3 What are the key opportunities 

and barriers related to RET 

adoption in the hotel sector? 
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Comparing the causal 

loop diagramming 

against system 

archetypes in 

Appendix C. 

(1) ‘Balancing process with delay’ archetype where government 

withdraws the incentive policies before new technology develops 

or hotels adopt RET creating uncertain investment environment;  

(2) ‘Tragedy of the common’ archetype where reducing grid-based 

electricity demand causes an increase in electricity price;  

(3) ‘Success to the successful’ archetype where tourists choose 

hotels with RET leaving businesses that could not adopt RET 

financially disadvantaged. 

4 What RET deployment strategies 

help hotel businesses to balance 

environment, social and economic 

risks and benefits? 
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 Based on CLD built in 

previous stage; data as 

per literature or 

(1) Cheaper and improving technology performance can promote 

RET adoption in the hotel sector by reducing net present value and 

reassure tourists and thus improve their willingness to support the 

hotel with RET. 
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interview with 

stakeholders.  

(2) Hotel’s ability to recognize and respond to this green demand 

swiftly can also promote RET adoption in the hotel sector. 

(3) Government incentive has negligible influence on RET 

adoption in the hotel sector. The fund could be directed towards 

technology investment and R&D.  
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7.2 Contributions of this research 

The novelty of this research lies in the application of systems thinking as an underlying 

philosophy to investigate RET adoption in the hotel sector. This approach cascades into both 

theory and research method selection. This research is the first to examine RET adoption in the 

hotel sector using a systems approach. Applying a systems thinking approach to navigating the 

complex system of RET adoption in tourism addresses recommendations by Negro et al. (2012) 

and Sedarati et al. (2018).  

The contributions of integrating theories (1) L. A. Brown (1981) marketing system; (2) Sahal 

(1981) technological feasibility; and (3) Rogers (2003) process for consumer adoption or 

resistance) are two-fold. First, the conceptual integration expands the literature of innovation 

diffusion by investigating the mechanics of diffusion as a whole. Although the diffusion 

research traditions underlying each theory are substantially different, this research has 

demonstrated that the three theories are compatible and overlap. The theoretical framework of 

this research indicates how the information from the potential adopter or resistor (Rogers, 

2003) is provided to the originator of the innovation (Sahal, 1981) for necessary correction to 

be made to the innovation; and how propagating organization can learn from adopters/resistors 

to modify the market and infrastructural enabling factors (L. A. Brown, 1981). To our 

knowledge, this is the first research to link the three different research traditions and shows that 

the premise of each theory is not a substitute for another. This research contributes to Kelly 

and Kranzberg (1978) and Rao and Kishore (2010) call for the integration of innovation 

theories.  

This research acknowledges that the mathematical model of Rogers (2003) theory was 

conceived as the Bass model (Bass, 1969). The Bass model generates an S-curve growth 

showing an accumulating number of initial product purchases induced by advertisement and 

word-of-mouth. However, the Bass model was not selected for this research because the 

conceptual framework, as discussed previously, extends beyond Rogers (2003) theory and 

includes Sahal (1981) technology and L. A. Brown (1981) market enablers. As a result, the 

enhanced version of the Bass model, called the Generalized Bass Model (GBM) was selected. 

The GBM allows the inclusion of X to represent the market and other lagged effort (Bass, 

2004). In this research, X represents L. A. Brown (1981) marketing system and Sahal (1981) 
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technological feasibility. This is the first empirical research to explore the linkage between 

GBM and these three theories.  

Second, the notion of embracing multiple theories in this research contributes empirically to 

the systems thinking literature (Flood & Jackson, 1991; Midgley, 2011). By drawing more than 

one theoretical lens, systemic research can expand the investigation boundary, enhance 

critiques and offer greater insight into the phenomenon of concern. This research does not claim 

that it has a bird’s eye view of the interconnectedness of innovation diffusion. Rather, by 

exploring different theories based on the assumption that everything is connected to everything 

else, this research has opened the door to different theoretical understandings. This research 

contributes to the limited research applying multiple theoretical perspectives in systems 

thinking literature. 

This research used the same rationale of embracing theoretical pluralism to justify 

methodological pluralism, arguing the validity of range of methods. The research design of this 

thesis makes the methodological contribution to the school of thought calling for 

methodological pluralism for a systems modelling approach (Flood, 2013; Gregory, 1996; 

Jackson, 1987a; Midgley, 2001; Mingers & Gill, 1997). Given that the topic of innovation 

diffusion in the hotel context concerns different aspects including technology, government, 

hotelier and tourist, applying both quantitative and qualitative methodologies broadens this 

research’s critical adherence to multiple methodological associated tools. To our knowledge, 

this is the first empirical research to apply a suite of methods to complete the three steps of 

system dynamics modelling (problem articulation, formulating dynamic hypothesis, and 

formulating a simulation model) to examine RET adoption in the hotel sector. Table 17 

summarizes the contributions of this research against the research questions.
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Table 18. Contributions of this research. 

Research question   Modelling 

process 

Method Contribution to existing knowledge 

1 What are the variables influencing 

RET deployment decisions in the hotel 

sector? 
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examine how they interact with each other as a system. 

2 What are the implications of RET 

adoption decisions in the hotel sector? 
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Methodologically contributes to the schools of thought 

calling for methodological pluralism for system modelling 

approach (Flood, 2013; Gregory, 1996; Jackson, 1987a; 

Midgley, 2001; Mingers & Gill, 1997). 

This thesis has applied a multi-methodology approach from 

different paradigms to develop a causal loop diagram by 

using quantitative methods including stakeholder 

identification, systematic quantitative literature review, and 

structural-analysis, MICMAC, and qualitative methods 

including modeller’s judgement or revalidation with 

stakeholders.  
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3 What are the key opportunities and 

barriers related to RET adoption in the 

hotel sector? 
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Theoretical contributions to Kelly and Kranzberg (1978), 

Deshpande (1983) and Rao and Kishore (2010) call for 

broader examination of innovation diffusion.  

Following the notion of theoretical pluralism (Midgley, 

2011), this research’s framework integrated three innovation 

theories: (1) L. A. Brown (1981) marketing system; (2) Sahal 

(1981) potential demand and technological feasibility of the 

product; and, (3) Rogers (2003) process for consumer 

adoption or resistance. 

4 What RET deployment strategies help 

hotel businesses to balance 

environment, social and economic 

risks and benefits? 
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Empirical contributes to the diffusion literature and the 

application of Generalized Bass model (Bass et al., 1994) by 

illustrating that RET adoption in the hotel context requires 

favourable market conditions such as available government 

subsidy, continuously improving technology, positive 

response from tourists, and fast recognition of RET benefits 

by hoteliers. 
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7.3 Implications of this research  

The theoretical and methodological frameworks developed in this research provide evidence 

for rational decision-making to promote RET adoption in the hotel sector. Although the context 

of this research was limited to Queensland, Australia, the low RET adoption in the hotel sector 

globally indicates that this research may be applicable to promote RET in this service sector in 

other geographical areas.  

Figure 27 illustrates the simplified results of this research and the two recommendations made, 

specifically to the government and hotel sector. The governing bodies of the hotel sector such 

as the Queensland Hotels Associations, Tourism Accommodation Australia, and 

Accommodation Association Australia might find this recommendation useful. Hotel groups 

and chains, and individual hotels could also use this recommendation to develop their action 

plan.  

 

Figure 27. Simplified results of this research and areas of recommendations 



 

150 

Recommendation 1: Government to foster renewable energy technology innovation and 

investment 

Fostering technology innovation is a fundamental principle to be adhered to, enabling 

investment in research and development (R&D) to deliver maximum benefit at the lowest 

overall technology cost. Australia is a fast adopter of renewable energy technology developed 

in other countries where research budgets are, by comparison, immense. For example, in 2018 

the US government spent US$7555 million and the Japanese government spent US$483 

million, while the Australian government spent US$46 million on renewable energy R&D 

(IEA, 2020). The model results suggest that Australia should improve its R&D budget with the 

aim to make renewable energy cheaper and perform better. Initiatives to promote R&D may 

include: 

• Rechannelling government funds from programs that aim to spur individuals 

(businesses, households, individuals or otherwise) into technology adoption, to 

programs that invest in innovation on renewable energy technology.  

• Providing a long-term committed R&D policy that supports renewable energy 

technology development from basic manufacturing research until the project reaches 

commercialization. The government is recommended to tolerate research risk and 

failure, and to remember that retracting and discontinuous policy support further delay 

new technology options.  

• Involving R&D funding review in the private sector, including technology developers 

and users (i.e., the hotel sector) to review R&D research funding so that government 

R&D funds are spent carefully. Bringing private sectors to help set research priorities 

can provide expertise regarding technologies, markets, and scalability of the proposed 

technology.  

• Ensuring hotels (or other businesses) wishing to adopt RET have access to technology 

talent. An educated and/or trained labour force in RET adoption is crucial to promote 

RET adoption. Policymakers can establish a large pool of expertise to draw on with a 

strong background in RET adoption in the hotel context.  

Recommendation 2: The hotel sector to reform its renewable energy policy adoption process 

The hotel sector is energy-intensive. As the price of electricity and its energy demand increases 

(to support business operation and from tourists), this research considers that RET adoption in 
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the hotel sector is overdue. Reform of the technology adoption process requires leadership. 

This research believes that the hotels’ governing bodies could create a roadmap to renewable 

energy adoption by considering the four essential respects: 

• Assessing risk to hotel operations and profitability in the context of RET adoption. The 

core risks of not adopting RET to the hotel businesses are:  

o higher electricity expenses as a result of increased grid electricity price and 

higher in-room electricity consumption by tourists;  

o financial risk from exposure to carbon mitigation policies, as well as 

reputational risk as key emitters; 

o market and competitive risks as a result of loss of new and existing consumer 

base by not being renewable energy-sourced; loss of market share to 

competitors offering renewable energy; appearance of being less innovative and 

not proactive compared to competitors; and loss of revenue resulting from 

decreased patronage.  

• Assessing the historical and current electricity usage from electrical suppliers, 

including assessing how current sustainable practices, already in place (if any), have an 

impact on the electrical expenses.  

• Calculating the net present value of renewable energy versus the grid. Hoteliers can 

access the formulas using this research’s simulation. 

• Engaging in-house chief engineers or maintenance personnel for their contributions to 

adopt RET. Hotels can assign an RET advocate to help monitor and implement an RET 

system, or educate designated staff through training with national/international 

renewable energy events such as Australian Clean Energy Summit or Australia Energy 

week provided by the Clean Energy Regulator.  

7.4 Limitations and suggestions for future research 

There exist several limitations in the findings of this research. First, the results are restricted to 

the imposed boundaries based on the aims and objectives of this research. This aim was 

formulated to understand the system of RET adoption in the hotel sector. The broad aim of this 

research was deemed needed given the lack of previous research in this area. This research 

recognizes that individual hotels operate in a unique context, which shapes its exclusive 

opportunity to adopt RET. Therefore, the generalized mechanisms and dynamics of RET 
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adoption found in this research may not be entirely applicable for a particular hotel. However, 

as a whole, and for the hotel sector in Queensland, this research illuminates the key enablers 

and feedback of RET adoption. Future research is recommended to apply this research 

framework to inspect RET adoption in hotels which share specific characteristics, i.e., coastal 

hotels, rural/urban hotels, or small/large hotels.  

Second, the results of this research are limited to the model boundary, which was informed by 

the three integrated theories and expert input. This research has applied multiple methods 

drawn from quantitative and qualitative approaches to triangulate what to include and exclude 

in the analysis. Despite such explicit model boundary judgement, the results of this research 

indicate the theoretical framework does not fully explain the split entities of RET adoption in 

the hotel context. In particular, Rogers (2003) theory does not explain how the decision to adopt 

innovation is impacted when adopters and users are not the same entity. In the hotel context, 

the adopting decision lies with the hotelier, while end users are the tourists who can influence 

the hotel’s decision through word-of-mouth or repurchase.  

This research acknowledges that social psychological theories explaining why tourists behave 

in a certain way (i.e., choose renewable-resourced hotels) is vast. Some theories, such as the 

theory of planned behaviour (Ajzen, 1991), postulate that attitudes, among other factors, affect 

behaviour. Yet, a gap between attitude-sustainable behaviour exists in environmentally-

sustainable tourism (Becken, 2004; Bergin-Seers & Mair, 2009). Reviewing theories 

concerning tourist behaviour is beyond the scope of this research, but can be found in Juvan 

and Dolnicar (2014) and Bamberg and Möser (2007). Future research is recommended to 

expand the theoretical framework of this research to cover feedback between a hotel’s actual 

adoption of RET and its influence on tourist environmental attitude, and tourist choice of hotels 
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with RET. This feedback between RET decision makers and users is shown with the dashed 

arrows in Figure 28.  

 

Figure 28. Suggested conceptual framework for future research 

These research results are time bound to the period of this PhD candidature. Although this 

research has applied the systems approach, which enables examination of system behaviour 

over time, it is not fully impossible for this research to capture the rapid changes in technology 

or markets. Future research which extends this examination is recommended to add variables 

or adjust equations or assumptions suitable to the current situation. These research results are 

also geographically bound to the Queensland, Australia, context. Nevertheless, this research 
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sheds some light on why RET adoption in the hotel sector is low despite the electricity produced 

by RET being cheaper than the grid.  

7.5 Concluding remarks 

With the challenge to mitigate the impact of climate change by reducing greenhouse gas 

emissions, adoption of RET has become the crucial option. Despite the hotel being one of the 

energy-intensive commercial buildings, there is low RET adoption in the industry and limited 

empirical research. A failure by government and industries to understand the dynamics that 

underpin technology adoption and its associated impact not only hinders effective integration 

but also drives suboptimal outcomes that promote future RET adoption in the hotel sector. The 

emergence of RET and its potential to enter the hotel sector at scale inspired the examination 

of dynamics that could underpin adoption in this sector.  

This thesis has been drafted specifically in response to this imperative to conceptualize both 

risks and opportunities associated with impending transition. The constructed system dynamics 

model was informed and developed based on the literature and stakeholder interview process 

in order to demonstrate the underlying dynamics. The model offers a practical tool that can be 

used by policy makers and the hotel sector to simulate and test the outcomes of various 

scenarios to help understand how the hotel sector could sustainably transition to RET. The 

model’s structure and assumptions are visible and can be modified, expanded or adapted to 

meet the needs of anyone wishing to better understand and plan for the rise of RET in the hotel 

sector (Appendix I).  

There is opportunity in the Queensland hotel sector to adopt RET. The imperative, now, is for 

the government and industry to recognize and respond to the pervasive dynamics that are 

driving the transition. A key finding from this thesis demonstrates that these dynamics stem, in 

part, from the technological advancement of lowering the cost of RET and improving 

performance, whose R&D funds could be driven by the government. In addition, the hotel 

sector should be proactive and lead the transition to RET, rather than respond to a potential 

(often delay) shift in tourist perception.   
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Appendix C. Summary of system archetypes and leverage point as identified by Senge (2006) and Braun (2002). 

Archetype name Definition Illustration Leverage point  Examples  

Limits to growth 

(or limits to 

success 

An injected effort is 

rewarded with an 

exponential growth, but 

later faces a secondary 

effect from a balancing 

process which slows down 

success.  

 

Mapping out possible 

future problems or 

variables that limit 

growth and eliminate it.  

Growth of food 

production is 

increasing, but later 

is limited by the 

supply resources 

and availability of 

water and energy 

(Sharif & Irani, 

2016). 

Shifting the 

burden 

A tension to solve a 

problem between an 

attractive short-term 

solution to the problem 

symptom and an 

unattractive long-term one 

that solve the underlying 

problem.  

 

Understand the side-

effect of the short-term 

solution, and focus on the 

long-term one even if it 

takes a while to see the 

result.  

Drinking to relieve 

stress about heavy 

workload only 

leads to poor 

health. Poor health 

will in turn increase 

the workload. The 

solution is to 

reduce workload 

(Senge, 2006).  

Balancing 

process with 

delay 

Our action towards our goal 

is in response to a delayed 

result of our action. 

However, some action 

response could be delayed, 

and if we are not conscious 

of it, we could be taking 

more action than needed or 

 

Aggressive action can 

lead to an unstable 

system. Manager needs 

to be patient or make the 

system more responsive.  

Property 

developers keep 

building new 

properties until the 

market has gone 

soft (Senge, 2006).  

Efforts
Results Slowing action

Limiting
condition

S

S

S
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R B
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solution

Problem
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Fundamental
solution

Side effect

O S
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conditions

Corrective
action
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give up because we thought 

there is no progress.  

Eroding goals As our performance fails to 

meet the set goal, we 

rationale to change our goal 

to the one that is easier to 

obtain, rather than 

examining why we were 

unable to meet the goal. 

Hence, our fundamental 

goal declines. 

 

Hold the long-term 

vision. 

When a family 

chooses to be 

constantly on their 

smartphones, it 

becomes more easy 

to ignore human 

presence and 

lowers expectations 

for family 

interactions 

(Nguyen et al., 

2016) 

Escalation Two organizations see their 

welfare relative to other 

organization’s advantage. 

As organization A is ahead, 

organization B is 

threatened and becomes 

more aggressive. The 

competition escalates to the 

point where their 

organizations, customers or 

stakeholders are harmed.   

 

Look for a way for both A 

and B to win or achieve 

their objectives. Take 

peaceful action so that 

another organization 

would feel less 

threatened.  

In agricultural 

industry, what 

competitors are 

doing is held as an 

appropriate 

response to the 

actions to 

competitors. This 

eventually results 

in one competitor’s 

collapse as a result 

of overextending its 

finance (Banson, 

Nguyen, & Bosch, 

2016).  

Goal
Pressures to

adjust goal

Gap

Actions to improve

condition

Actual

O

S

S

S

S

O

B

B

Results of A
relative to B

A's results

Activity by A

B's results

Activity by B

S
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S

OS

S

Threat to B

Threat to A

S

S

B
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Success to the 

successful 

When two activities 

compete against limited 

resources. The more 

successful activity A 

becomes, the more support 

A gains, starving B.  

 

Look for the overarching 

goals that balance the 

achievement between 

both parties. Break or 

weaken the competition 

between the two 

organizations. 

Two products from 

the same firm 

competing over 

financial and 

managerial 

resources. The one 

that hits the target 

receives more 

investment.  

Tragedy of the 

common 

Individuals use a 

commonly available but 

limited resource for 

personal use. At first, 

individual is rewarded 

causing them to intensify 

the effort. As a result, the 

resources deplete and are 

used up, causing decline in 

return. 

 

Educating everyone 

about the common 

resource, creating self or 

official regulations and 

peer pressure.  

Hydro-electricity 

generation 

competing with 

agricultural 

industry for water 

resources is a 

tragedy to all 

citizens (Newell et 

al., 2011).  

Fixes that fail A fix to the problem that 

has unforeseen 

consequences and further 

leads to more problems.  

 

Maintaining the focus on 

the long-term solution 

and discarding the short-

term one. One uses the 

short-term solution to 

buy time to work on a 

long-term one.  

Transferring water 

from elsewhere to 

ease the water 

shortage (Gohari et 

al., 2013). 

Success of A

Allocation to A
instead of B

Resources to A

Success of B Resources to B
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Growth and 

underinvestment 

As a firm is growing, the 

firm must invest in its 

capacity. Capacity must be 

invested in a timely manner 

to keep up with growth. If 

capacity investment is 

delayed and underinvested, 

key goals and performance 

are lowered.  
 

If there is a genuine 

potential growth, build 

capacity in advance of 

demand. Hold to the 

vision, and evaluate 

whether capacity can 

meet demand.  

Explosion of 

demand leads an 

airline to 

underinvest in 

training. Demand 

for the airline 

declines as service 

deteriorates and 

more competition.  

Growing
action

Demand

S

S

Performance

Perceived need
to invest

Investment in
capacity

Capacity

Performance
standard
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S

O

S
S

S
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Appendix D. List of variables related to the RET adoption in the hotel sector, Queensland. 

Stage 

Used 

Variable Name Description References Role (As Per 

MICMAC) 

Action 

M * Public Engagement in 

RET policy 

Public perception is considered when 

designing renewable energy policy. 

Aitken (2010); 

Sheikh, Kocaoglu, 

and Lutzenhiser 

(2016) 

Disconnected Delete by researchers. 

M * RET incentive policy Feed-in-tariff and investment funding 

through the Australia Renewable Energy 

Agency (ARENA). 

Aagreh and Al-

Ghzawi (2013); 

Güler, Akdağ, and 

Dinçsoy (2013) 

Determinant Keep. Name change to 

‘Incentive policy’ as per 

stakeholders. 

M * The Renewable 

Energy Target scheme 

The RET scheme operates in two parts: 

Large Renewable Energy Target (LRET) 

and Small-Scale Renewable Energy 

Scheme (SRES) 

The LRET creates a financial incentive 

for the expansion of renewable energy 

power stations. The new target for LRET 

is 33,000 GWh in 2020 or equivalent to 

23.5% of Australia’s electricity 

generation. 

The SRES creates financial incentives 

for households, small businesses and 

community groups to install small-scale 

renewable energy system. 

Department of the 

Environment and 

Energy (n.d.) 

Determinant Dissolve into ‘Incentive 

policy’, ‘Large-scale 

RET investment’, and 

‘Demand for small-

medium scale RET’ as 

per stakeholders. 
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M * Australia’s 2030 

climate change target 

Australia will reduce emissions to 26–

28% on 2005 levels by 2030. 

This target represents a 50–52% 

reduction in emissions per capita and a 

64–65% reduction in the emissions 

intensity of the economy between 2005 

and 2030. 

Energy (2015) Secondary 

lever 

Evolve to ‘Gap between 

the target and actual 

emission’ as per 

modelling experts. 

M * Australia’s annual 

emissions rate 

The amount of Australia’s annual 

emissions. For example, in 2014–2015 

Australia emitted 549.3 Mt CO2-e. This 

figure is the second lowest emissions 

level since, and 1.9 per cent below, 2000 

levels (560.2 Mt CO2-e) and 10.2 per 

cent below 2005 levels (611.4 Mt CO2-

e). 

The level of atmospheric gases including 

carbon dioxide (CO2), methane (CH4), 

and nitrous oxide (N2O) which are 

responsible for the greenhouse effect and 

climate change. 

Department of the 

Environment and 

Energy (2017b) 

Secondary 

lever 

Keep. Name change to 

‘Australia’s emission 

amount’ as per 

stakeholders. 

M * Travel season Certain seasons (i.e., winter, summer) are 

perceived by tourists to be favourable to 

visit a certain destination. 

For example, a favourable season for a 

coastal hotel is summer, and winter for a 

ski resort. 

Basir Khan, Jidin, 

Pasupuleti, and 

Shaaya (2015) 

Secondary 

lever 

Evolve to ‘Extreme 

weather’ as per 

stakeholder. 
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Electrical load of a hotel varies according 

to a variable tourist presence during 

travel season. 

M * Tourists’ electricity 

consumption in the 

room 

The amount of electricity consumed by 

tourists during their stay at the hotel. 

Tourists consume higher rate of energy 

during their stay in the hotel when 

compared with when they are at home. 

This irrational behaviour results from 

tourists paying a flat rate for their room 

irrespective of amount of energy 

consumed. Tourists also wish to enjoy 

the hotel’s available service to the 

maximum during their stay. 

Borkovic et al. 

(2008) 

Autonomous Keep 

M * Hotel energy demand 

profile 

The amount of electricity used by the 

hotel on heating, cooling and food 

processing. 

Types of hotel and star rate determine the 

availability of guest facilities such as a 

swimming pool, spa, air conditioner, 

heater, etc. In addition, the hotel operates 

24 h per day. 

Bohdanowicz and 

Martinac (2007); 

Knezevic and Vicic 

(2008) 

Depending Keep 

M * Tourist’s perception of 

RET as a reliable 

energy source 

Tourist’s perception of RET as a reliable 

source of energy for the hotel. 

Dalton et al. 

(2008b) 

Secondary 

lever 

Evolve to ‘Tourists’ 

perceived levels of 

comfort and value for 

price’ as per stakeholders. 

M * Tourist willing to stay 

in RET hotel 

Tourists willing to stay in hotels that 

invest in RET. 

Dalton et al. 

(2008b); Kostakis 

Autonomous Keep. Name change to 

‘Tourists’ willingness to 
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and Sardianou 

(2012); and 

Tsagarakis et al. 

(2011) 

stay in RET hotel 

(demand)’ as per 

stakeholders. 

M * Tourist willing to pay 

for RET 

Tourists willing to pay extra for hotels 

that invest in RET. 

Dalton et al. 

(2008b); Kostakis 

and Sardianou 

(2012); and 

Tsagarakis et al. 

(2011) 

Determinant Delete as per stakeholders 

as it is covered in ‘Tourist 

willing to stay in RET 

hotel’. 

M * Tourist types Tourists are classified as either eco-

conscious or others. 

Eco-conscious tourists are more 

concerned about the environment and 

demand more environmentally friendly 

services during their vacation than other 

types of tourists. 

Targeting these eco-conscious tourists 

can differentiate a hotel from its 

competitors. The hotel can imbue this 

message through marketing materials, 

stay packages, and advertising. 

Eco-conscious tourists, however, are 

highly suspicious of a hotel’s 

commitment to the environment and can 

accuse such hotel of ‘greenwashing’. 

Becken, Simmons, 

and Frampton 

(2003); and Shah 

(2011) 

Determinant Change to ‘Tourists’ 

awareness and attitude 

about the environment’ 

and ‘Green tourists’ 

environmentally friendly 

behaviour’ as per 

stakeholders. 
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M * Tourist’s perceived 

quality of service 

Tourists’ cognitive perception of the 

hotel’s ambience including lighting, 

heating and cooling. 

This perception is influenced by the 

value of time travelling to and spending 

at the hotel, and money spent at the hotel 

to determine a hotel’s quality of service. 

Quality of service influences the tourists’ 

level of pleasure and perceived image of 

the hotel. 

Borkovic et al. 

(2008); Hooper, 

Coughlan, and R. 

Mullen (2013); and 

Reimer and Kuehn 

(2005) 

Depending Evolve to ‘Tourists’ 

perceived levels of 

comfort and value for 

price’ as per stakeholders. 

M * Hotel accessibility to 

RET technology 

RET is available and accessible to a hotel 

that wishes to adopt it. 

Mahachi et al. 

(2015) 

Determinant Evolve to ‘Number of 

hotels adopting RET’ by 

researchers. 

M * Eco-friendly hotel 

design 

Hotel designs can conserve energy and 

reduce GHG emission. 

Examples of these hotel designs are 

installing thermal insulation on the 

external wall; improving fabric, lighting, 

appliances; changing heat, ventilation 

and air-conditioning systems. 

Gaglia et al. (2007) Stake Delete by stakeholders. 

M * Hotel chain affiliation Whether a hotel is a part of a group 

operated by the same company or owner 

or not. 

Being part of a hotel chain influences 

hotel’s environmental practices, 

availability of financial and technical 

resources that influence successful 

Álvarez Gil, 

Burgos Jiménez, 

and Céspedes 

Lorente (2001) 

Environment Keep. Name change to 

‘Hotel participation of 

brand affiliation’ as per 

stakeholders. 
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environmental management such as RET 

adoption. 

Being part of hotel chain can also prevent 

RET adoption due to bureaucracy 

problems associated with chain hotels. 

M * Hotel size Size of a hotel influences its 

environmental practices, availability of 

financial and technical resources which 

further determine the success of 

environmental management. 

A smaller hotel usually has unclear green 

policies such as RET adaptation and has 

less borrowing ability than a larger hotel. 

Álvarez Gil et al. 

(2001); Mensah 

and Blankson 

(2013) 

Determinant Delete by stakeholders. 

M * Hotel traditional 

architecture 

The traditional architecture of a hotel, 

particularly on the island, plays a 

dominant role in its beauty. 

This design becomes a challenge when 

integrating RET such as solar collectors. 

Dascalaki and 

Balaras (2004) 

Secondary 

lever 

Delete by stakeholders. 

M * Hotel rating Hotel-star rating influences its business’s 

environmental concern and willingness 

to use energy-efficient appliances. 

A hotel with a higher star rating has 

greater environmental concern and 

willingness to use energy-efficient 

appliances than a hotel with a lower star 

rating. 

Petrevska et al. 

(2016) 

Determinant Keep 
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M * Hotel location Where the hotel is situated influences the 

type of RET it adopts. 

For example, wind energy is 

technologically feasible and 

economically viable for coastal hotels, 

while solar energy suits a desert safari 

camp. 

Hotel location also influences 

accessibility to the grid. 

Bechrakis, 

McKeogh, and 

Gallagher (2006); 

Shezan et al. 

(2015) 

Determinant Evolve to ‘Proximity of 

hotel location to urban 

area’ as per stakeholders. 

M * Hotel land/building 

ownership 

Hotels that do not operate on their own 

land or in their own building are 

restricted in physical development such 

as RET adoption. 

Mahachi et al. 

(2015) 

Secondary 

lever 

Delete by stakeholders. 

M * Hotel technical 

capacity 

The hotel has engineers who support and 

promote energy projects. 

Kostakis and 

Sardianou (2012) 

Depending Evolve to ‘Efficiency of 

engineers at a hotel’ as 

per stakeholders. 

M * Hotel availability of 

space 

Available area for RET installation in a 

hotel. 

Mahachi et al. 

(2015); W. Chan, 

Li, Mak, and Liu 

(2013)  

Autonomous Keep 

M * Hotel availability of 

finance 

Whether or not a hotel has a fund 

available for RET investment in the 

hotel. 

Mahachi et al. 

(2015); Dascalaki 

and Balaras (2004)  

Relay Keep. Name change to 

‘Hotel sets aside money 

for RET investment’ as 

per stakeholders. 

M * Existence of a Green 

program at the hotel. 

Whether or not a hotel has a social and 

environmental responsibility program. 

This green program can act as an 

environment advertising campaign and 

Mahachi et al. 

(2015); Zografakis 

et al. (2011)  

Target Evolve to ‘Hotel’s 

adoption of other energy 

conservation methods’ as 

per stakeholders. 
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create an environmental image among 

tourists. This campaign is effective to 

target eco-conscious tourists. 

M * Hotel accessibility to 

the electrical grid 

The electrical grid such as a transmission 

line is within reach of a hotel. 

Hotel’s location that is in a remote area 

or island may limit access to the grid, 

causing them to generate their own 

electricity through diesel generator or 

RET. 

Basir Khan et al. 

(2015) 

Secondary 

lever 

Evolve to ‘Gap between 

the cost of electricity 

from the grid and from 

RET’ as per modelling 

experts. 

M * Hotelier perception of 

RET as a selling point 

Hotelier perceives that adopting RET 

may improve their hotel image as being 

green and has a marketing effect. 

Dalton et al. (2007) Depending Keep. Name change to 

‘Hotel owner/manager 

perception of RET as a 

competitive advantage 

(selling point)’ as per 

stakeholders. 

M * Hotelier perception of 

RET financial benefits 

Hotelier perceives that adopting RET 

may save hotel energy expenditure. 

Mahachi et al. 

(2015) 

Depending Keep. Name change to 

‘Owner/manager 

perception of RET 

financial benefit’ as per 

stakeholders. 

M * Hotelier awareness of 

energy conservation 

methods 

The hotelier is aware of methods that can 

be adopted in a hotel to reduce energy 

consumption. 

RET is rarely considered to reduce 

energy consumption. Other practices 

including recycling and not changing 

Knezevic and Vicic 

(2008); Schendler 

(2003) 

Depending Evolve to 

‘Owner/manager 

awareness of financial 

benefits of energy 

conservation as per 

stakeholders. 
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guest towels daily are perceived to 

reduce energy consumption. 

M * RET cost viability The cost of making electricity from RET 

is less than its net present costs including 

capital, replacement and maintenance 

costs. 

This can be measured by, for example, 

money saved from using RET, revenue 

from selling electricity back to the grid, 

and simple payback period. 

Interest rates and inflation rates also 

moderate the cost of RET. 

Anastasiadis, 

Vokas, 

Papageorgas, 

Kondylis, and 

Kasmas (2014); 

Zobaa and Bansal 

(2011)  

Determinant Keep. Name change to 

‘RET benefits’ as per 

stakeholders. 

M * Technical feasibility RET adoption in a hotel is possible when 

measured against: 

(a) Environmental inputs, i.e., solar 

radiation, wind speed and air 

temperature; 

(b) The length of working life of 

RET; 

(c) Payback period; 

(d) Size of RET measured by kW it 

produces and a physical area size 

required; 

(e) Options of the electrical delivery 

system to a hotel including on grid, off-

grid, or hybrid systems; 

(f) The availability of mature and 

reliable core RET technology; 

Bechrakis et al. 

(2006); Hossain, 

Mekhilef, and 

Olatomiwa (2017) 

Secondary 

lever 

Dissolve into ‘Innovation 

investment’, ‘RET 

technology maturity and 

storage’, and ‘RET 

benefits’ as per 

stakeholders and 

modelling experts. 
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(g) The availability of mature and 

reliable RET; 

(h) The adoption of SmartGrid. 

M * Reliability of 

electricity produced by 

RET 

The ability of RET to produce power 

consistently. 

Bakos and Soursos 

(2002) 

Determinant Keep 

M * Energy storage Storage such as battery increases the 

energy flow between the grid and 

intermittent renewable power in a hotel. 

Nanaeda, Mueller, 

Brouwer, and 

Samuelsen (2010) 

Stake Evolve to ‘RET 

technology maturity and 

storage’ as per 

stakeholders. 

M * Tourist levels of 

comfort 

Tourist levels of comfort and perceived 

value that are influenced by the hotel’s 

physical environment in the form of 

ambience particularly lighting, heating 

and cooling. 

Tourists’ perceived levels of pleasure 

influence their revisit intention. 

Han and Ryu 

(2009); Rapoport 

(1982) 

Determinant Evolve to ‘Tourists’ 

perceived levels of 

comfort and value for 

price’ as per stakeholders. 

M * Green job creation Employment in an industry that is 

considered to produce environmental 

benefits such as renewable energy. 

Examples are jobs in RET 

manufacturing, installation and 

maintenance. 

Jobs in renewable energy can be found in 

the annual publication of the renewable 

energy status report such as REN21. 

Acey and Culhane 

(2013) 

Autonomous Delete by stakeholders. 
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M * Availability of 

workforce 

Appropriate trained workforce for the 

generation and distribution of the 

targeted RET. 

Amer and Daim 

(2010); Coggeshall 

and Margolis 

(2010) 

Disconnected Delete by researchers. 

M * Non-renewable energy 

cost 

Price of non-renewable energy sources 

such as diesel and gas, and price of 

electricity purchased from centralised 

grid influences the feasibility of RET in 

a hotel and an RET adoption decision. 

If the price of diesel is low, hotels found 

that a diesel generator is more 

economical than RET, and the opposite 

when the price of diesel is high. 

Changes in non-renewable energy costs 

also determine the pace of RET 

development. 

The comparison between non-renewable 

and renewable energy costs determines 

when price subsidy and tax incentives for 

renewable energy electricity will be put 

in place. 

Ashourian et al. 

(2013) 

Secondary 

lever 

Keep. Name change to 

‘Cost of non-renewable 

supply’ as per 

stakeholder. 

M * Reliability/availability 

of non-renewable 

supply 

Whether a hotel has access to a reliable 

and continuous supply of non-renewable 

energy or not influences a hotel’s 

decision to adopt RET. 

As per expert 

revision 

Determinant Delete by stakeholders. 

CLDfinal 

** 

Number of hotels 

adopting RET 

The number of hotels that acquire 

renewable energy technology to produce 

electricity for its own use. 

Adjusted by 

researchers 

 Evolve from ‘Hotel 

accessibility to RET 

technology.’ 
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CLDfinal 

** 

Demand for small-

medium scale RET 

The quantity of a small to medium scale 

RET (that is not solar or wind farm) that 

the public and industries, including the 

hotel sector, are willing and able to buy. 

Adjusted by 

stakeholders 

during I/WS 

 Dissolve from ‘The 

Renewable Energy Target 

scheme.’ 

CLDfinal 

** 

Distribution network 

usage 

The consumption of grid-based 

electricity between the public and 

industries including the hotel sector. 

Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

Gross electricity retail 

profit margin 

The financial gain for electricity retailers 

after deducting expenses such as 

operating costs. 

Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

Lobby government to 

remove RET incentive 

Industries that lose their profit to RET 

influence the legislator to withdraw RET 

incentives. 

Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

Electricity retailer 

perception of RET 

financial benefits 

Electricity retailer perceives that 

switching to RET-sourced electricity will 

generate them an income through 

government incentive policy. 

Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

Large-scale RET 

investment 

The amount of money used to establish 

or expand renewable energy power 

stations, such as wind and solar farms. 

Adjusted by 

stakeholders 

during I/WS 

 Dissolve from ‘The 

Renewable Energy Target 

scheme.’ 

CLDfinal 

** 

The gap between the 

target and actual 

emission 

The difference between the amount of 

Australia’s target and actual emissions. 

Calculate by Australia’s target minus 

actual emissions. 

Adjusted by 

modelling experts 

during I/WS 

 Evolve from ‘Australia’s 

2030 climate change 

target’. 

CLDfinal 

** 

Competency of 

engineers at hotel 

A skillful and knowledgeable engineer 

who works at the hotel. 

Adjusted by 

stakeholders 

during I/WS 

Depending Evolve from ‘Hotel 

technical capacity.’ 



 

206 

CLDfinal 

** 

Owner/manager 

awareness of financial 

benefits through 

energy conservation 

methods 

Hotelier perceives that adopting energy 

conservation methods (other than using 

RET) will save the hotel energy 

expenditure. These methods are, for 

example, recycling and not changing 

guest towels daily. 

Adjusted by 

stakeholders 

during I/WS 

 Evolve from ‘Hotelier 

awareness of energy 

conservation methods.’ 

CLDfinal 

** 

Hotel’s adoption of 

other energy 

conservation methods 

Hotel adopts energy conservation 

methods (other than using RET) to save 

the hotel’s energy expenditure. These 

methods are, for example, recycling and 

not changing guest towels daily. 

Adjusted by 

stakeholders 

during I/WS 

 Evolve from ‘Existence 

of Green program in 

hotel.’ 

CLDfinal 

** 

Value of the hotel’s 

electricity bill 

Actual dollar value of the hotel’s 

electricity bill. 

Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

Hotel’s profit The differences between hotel’s earnings 

and expenses (including energy bills). 

Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

Amount of energy 

charged by the 

electricity retailer 

The amount electricity retailers charge in 

an energy plan for a hotel business. 

Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

Domestic and other 

industries’ electricity 

bills 

Actual dollar value of electricity bill for 

domestic and industries other than the 

hotel sector. 

Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

Innovation investment The monetary assistance from the public 

and private sectors for RET-related and 

development processes up until the 

product is commercially available. 

Adjusted by 

stakeholders and 

modelling experts 

during I/WS 

 Dissolve from ‘Technical 

feasibility’. 
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CLDfinal 

** 

RET technology 

maturity and storage 

The availability of matured RET core 

technology and energy storage (i.e., 

battery). 

Adjusted by 

stakeholders and 

modelling experts 

during I/WS 

 Evolve from ‘Technical 

feasibility’ and ‘Energy 

storage’. 

CLDfinal 

** 

Price of RET The initial cost in dollar values of RET. Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

The gap between the 

cost of electricity from 

the grid and from RET 

The difference between the cost of 

electricity purchased from the grid and 

produced by hotel-owned RET. 

Calculate by grid price minus the hotel’s 

own. 

Adjusted by 

modelling experts 

during I/WS 

 Evolve from ‘Hotel 

accessibility to the 

electrical grid.’ 

CLDfinal 

** 

The gap between RET 

investment and 

purchasing electricity 

with GreenPower 

The difference between the cost of 

electricity produced by the hotel-owned 

RET and purchased from the 

GreenPower providers. Calculate by 

RET investment minus purchasing 

electricity with GreenPower. 

Added by 

modelling experts 

during I/WS 

  

CLDfinal 

** 

Hotel purchases 

electricity with 

GreenPower 

Hotel purchases electricity from 

GreenPower providers. 

Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

Tourist awareness and 

attitude about the 

environment 

Tourists being conscious of the 

environmental issues. 

Adjusted by 

stakeholders 

during I/WS 

 Dissolve from ‘Tourist 

types’. 

CLDfinal 

** 

Tourists’ perceived 

levels of comfort and 

value for the price 

Tourist perceives value pricing. The 

value indicates what tourists think they 

derive from consuming a service. 

Adjusted by 

stakeholders 

during I/WS 

 Evolve from ‘Tourist 

levels of comfort’ and 

‘Tourists’ perceived 

quality of service’. 
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CLDfinal 

** 

Green tourists’ 

environmentally 

friendly behaviour 

Environmentally-conscious tourists 

engage in environmentally friendly 

behaviours such as demanding eco-

friendly accommodation and reducing 

their energy consumption during their 

stay. 

Adjusted by 

stakeholders 

during I/WS 

 Dissolve from ‘Tourist 

types’. 

CLDfinal 

** 

Extreme weather Unusual weather conditions such as heat 

wave or blizzard. 

Added by 

stakeholders 

during I/WS 

 Evolve from ‘Travel 

season’. 

CLDfinal 

** 

Hotels in the same 

brand bargain together 

A company or owner that operates 

multiple hotels negotiates with electricity 

providers for a cheap electricity plan. 

Added by 

stakeholders 

during I/WS 

  

CLDfinal 

** 

The proximity of hotel 

location to urban area 

The distance between a hotel location 

and the urban area. The shorter the 

distance, the closer the hotel to the urban 

area. 

Adjusted by 

stakeholders 

during I/WS 

 Evolve from ‘Hotel 

location.’ 

CLDfinal 

** 

Electricity retailer 

options 

A number of electricity retailer options 

available for a hotel to choose. 

Added by 

stakeholders 

during I/WS 
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Appendix E. MICMAC list of 38 variables related to RET adoption in the hotel sector in Queensland, Australia, their roles and 

transition after CLD process. 

 
Variable name Description References Role (as per 

MICMAC) 

Transition after 

CLD process 

1 Public Engagement in 

RET policy 

Public perception is considered when 

designing renewable energy policy.  

Aitken (2010); Sheikh 

et al. (2016) 

Disconnected Delete by researchers  

2 RET incentive policy Feed-in-tariff and investment funding 

through the Australia Renewable Energy 

Agency (ARENA). 

Aagreh and Al-Ghzawi 

(2013); Güler et al. 

(2013) 

Determinant Keep. Name change 

to ‘Incentive policy’ 

as per stakeholders 

3 The Renewable Energy 

Target scheme 

The RET scheme operates in two parts: 

Large Renewable Energy Target (LRET) 

and Small-Scale Renewable Energy 

Scheme (SRES) 

The LRET creates a financial incentive for 

the expansion of renewable energy power 

stations. The new target for LRET is 

33,000GWh in 2020 or equivalent to 

23.5% of Australia’s electricity 

generation.  

The SRES creates financial incentives for 

households, small businesses and 

community groups to install small-scale 

renewable energy system.  

Department of the 

Environment and 

Energy (n.d.) 

Determinant Dissolve into 

‘Incentive policy’, 

‘Large-scale RET 

investment’, and 

‘Demand for small-

medium scale RET’ 

as per stakeholders.  



 

210 

4 Australia’s 2030 climate 

change target 

Australia will reduce emissions to 26-28% 

on 2005 levels by 2030.  

This target represents a 50-52% reduction 

in emissions per capita and a 64-65% 

reduction in the emissions intensity of the 

economy between 2005 and 2030.  

Australian Government 

(2015) 

Secondary 

lever 

Evolve to ‘Gap 

between the target 

and actual emission’ 

as per modelling 

experts.  

5 Australia’s annual 

emissions rate 

The amount of Australia’s annual 

emissions. For example, in 2014-15 

Australia emitted 549.3 Mt CO2-e. This 

figure is the second lowest emissions level 

since, and 1.9 per cent below, 2000 levels 

(560.2 Mt CO2-e) and 10.2 per cent below 

2005 levels (611.4 Mt CO2-e). 

The level of atmospheric gases including 

carbon dioxide (CO2), methane (CH4), and 

nitrous oxide (N2O) which responsible for 

the greenhouse effect and climate change.  

Department of the 

Environment and 

Energy (2017b); World 

Resources Institute 

(2016) 

Secondary 

lever 

Keep. Name change 

to ‘Australia’s 

emission amount’ as 

per stakeholders.  

6 Travel season Certain seasons (i.e. winter, summer) are 

perceived by tourists to be favourable to 

visit a certain destination.  

For example, a favourable season for a 

coastal hotel is summer, and winter for a 

ski resort.  

Electrical load of a hotel varies according 

to a variable of tourist presence during 

travel season.  

Basir Khan et al. (2015) Secondary 

lever 

Evolve to ‘Extreme 

weather’ as per 

stakeholder.  
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7 Tourists' electricity 

consumption in the room 

The amount of electricity consumption by 

tourist during their stay at the hotel.  

Tourists consume energy during their stay 

in the hotel higher when compared with 

when they are at home. This irrational 

behaviour results from tourists paying a 

flat rate for their room and not subject to 

increase amount of energy bills. Tourists 

also wish to enjoy the hotel’s available 

service to the maximum during their stay.  

Borkovic et al. (2008) 

 

Autonomous Keep 

8 Hotel energy demand 

profile 

The amount of electricity spent by the 

hotel on heating, cooling, and food 

processing. 

Types of hotel and star rate determine the 

availability of guest facilities such as a 

swimming pool, spa, air conditioner, 

heater, etc. Also, the hotel operates 24 

hours. 

Bohdanowicz and 

Martinac (2007); 

Knezevic and Vicic 

(2008) 

 

Depending Keep 

9 Tourist perception of 

RET as a reliable energy 

source  

Tourist perception of RET as a reliable 

source of energy provider for the hotel 

Dalton et al. (2008b) Secondary 

lever 

Evolve to ‘Tourist 

perceived levels of 

comfort and value for 

price’ as per 

stakeholders.  

10 Tourist willing to stay in 

RET hotel 

Tourist’s willing to stay in hotels that 

invest in RET 

Dalton et al. (2008b); 

Kostakis and Sardianou 

(2012); Tsagarakis et al. 

(2011) 

Autonomous Keep. Name change 

to ‘Tourists’ 

willingness to stay in 
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RET hotel (demand)’ 

as per stakeholders.  

12 Tourist willing to pay for 

RET  

Tourist’s willing to pay extra for hotels 

that invest in RET 

Dalton et al. (2008b); 

Kostakis and Sardianou 

(2012); Tsagarakis et al. 

(2011) 

Determinant Delete as per 

stakeholders as it is 

built in ‘Tourist 

willing to stay in 

RET hotel’. 

12 Tourist types Tourists are classified to either eco-

conscious or others. 

Eco-conscious tourists are more 

concerned about the environment and 

demand environmentally services during 

their vacation than other types of tourists.  

Targeting these eco-conscious tourists can 

differentiate a hotel from its competitors. 

The hotel can imbue this message through 

marketing materials, stay packages, and 

advertising. 

Eco-conscious tourists, however, is highly 

suspicious of hotel commitment to the 

environment and can accuse such hotel of 

green washing. 

Becken et al. (2003); 

Shah (2011) 

Determinant Dissolve to ‘Tourist 

awareness and 

attitude about the 

environment’ and 

‘Green tourists’ 

environmentally 

friendly behaviour’ 

as per stakeholders.  

13 Tourist perceived quality 

of service  

Tourist cognitive perception of hotel’s 

ambience including lighting, heating, and 

cooling. 

Borkovic et al. (2008); 

Hooper et al. (2013); 

Reimer and Kuehn 

(2005); Sureshchandar, 

Rajendran, and 

Depending Evolve to ‘Tourist 

perceived levels of 

comfort and value for 
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This perception is influenced by the value 

of time travelling to and spending at the 

hotel, and money spent at the hotel to 

determine a hotel’s quality of service.   

Quality of service influence tourists’ level 

of pleasure and perceived image of the 

hotel. 

Anantharaman (2002); 

Sureshchandar, 

Rajendran, and 

Kamalanabhan (2001) 

price’ as per 

stakeholders.  

14 Hotel accessibility to 

RET technology 

RET is available and accessible to a hotel 

that wishes to adopt it.  

Mahachi et al. (2015) Determinant Evolve to ‘Number 

of hotels adopting 

RET’ by researchers. 

15 Eco-friendly hotel design Hotel designs can conserve energy and 

reduce GHG emission  

Examples of these hotel designs are 

installing thermal insulation on the 

external wall; improving fabric, lighting, 

appliance; changing heat, ventilation and 

air-conditioning system.  

Gaglia et al. (2007); 

Schendler (2003); S. 

Taylor, Peacock, 

Banfill, and Shao 

(2010) 

 

Stake Delete by 

stakeholders. 

16 Hotel chain affiliation Whether a hotel is a part of a group 

operated by the same company or owner 

or not. 

Being part of a hotel chain influences 

hotel’s environmental practices, 

availability of financial and technical 

resources that influence the successful 

environmental management such as RET 

adoption.  

Álvarez Gil et al. 

(2001); Mahachi et al. 

(2015); Mensah and 

Blankson (2013) 

 

Environment Keep. Name change 

to ‘Hotel 

participation of brand 

affiliation’ as per 

stakeholders.  
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Being part of hotel chain can also prevent 

RET adoption due to bureaucracy problem 

associated with chain hotels.  

17 Hotel size Size of a hotel influences its 

environmental practices, availability of 

financial and technical resources which 

further determine the success of 

environmental management.  

A smaller hotel usually has unclear green 

policies such as RET adaptation and has 

less borrowing ability than a larger hotel. 

Álvarez Gil et al. 

(2001); Mahachi et al. 

(2015); Mensah and 

Blankson (2013) 

 

Determinant Delete by 

stakeholders. 

18 Hotel traditional 

architecture 

The traditional architecture of a hotel, 

particularly on the island, plays a 

dominant role in its beauty.   

This design becomes a challenge when 

integrating RET such as solar collectors 

Dascalaki and Balaras 

(2004); Karagiorgas et 

al. (2006) 

 

Secondary 

lever 

Delete by 

stakeholders. 

19 Hotel rating Hotel-star rating influences its business’s 

environmental concern and willing to use 

energy efficient appliance. 

A hotel with higher star rating has more 

positive environmental concern and 

willing to use energy-efficient appliances 

than a hotel with a lower star rating  

Petrevska et al. (2016) Determinant Keep 
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20 Hotel location Where the hotel is situated influences the 

type of RET it adopts. 

For example, wind energy is technology 

feasible and economic viable for coastal 

hotels, while solar energy for desert safari 

camp. 

Hotel location also influences 

accessibility to the grid.  

Bechrakis et al. (2006); 

(Dalton et al., 2008a, 

2009a); Hossain et al. 

(2017); Shezan et al. 

(2015) 

Determinant Evolve to ‘Proximity 

of hotel location to 

urban area’ as per 

stakeholders.  

21 Hotel land/building 

ownership 

Hotel that do not operate on its own land 

or building will limit a physical 

development such as RET adoption. 

 

Mahachi et al. (2015) Secondary 

lever 

Delete by 

stakeholders. 

22 Hotel technical capacity The hotel has engineers who support and 

promote energy project in its business.  

Dascalaki and Balaras 

(2004); Karagiorgas et 

al. (2006) 

Depending Evolve to ‘Efficiency 

of engineers at a 

hotel’ as per 

stakeholders.  

23 Hotel availability of 

space 

Available area for RET installation in a 

hotel. 

W. Chan et al. (2013); 

Mahachi et al. (2015) 

Autonomous Keep 

24 Hotel availability of 

finance 

Whether a hotel has a fund available for 

RET investment in the hotel or not. 

Dascalaki and Balaras 

(2004); Karagiorgas et 

al. (2006); Mahachi et 

al. (2015) 

Relay Keep. Name change 

to ‘Hotel sets aside 

money for RET 

investment’ as per 

stakeholders.  
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25 Hotel existence of Green 

program 

Whether a hotel has a social and 

environmental responsibility program or 

not. 

This green program can act as an 

environment advertising campaign and 

create an environmental image among 

tourists. This campaign is effective to 

target eco-conscious tourists.  

Mahachi et al. (2015); 

Zografakis et al. (2011) 

Target Evolve to ‘Hotel’s 

adoption of other 

energy conservation 

methods’ as per 

stakeholders. 

26 Hotel accessibility to the 

electrical grid 

The electrical grid such as transmission 

line is within reach of a hotel.  

Hotel’s location that is often in the remote 

area or island may limit access to the grid, 

causing them to generate their own 

electricity through diesel generator or 

RET.  

Basir Khan et al. (2015) Secondary 

lever 

Evolve to ‘Gap 

between the cost of 

electricity from the 

grid and from RET’ 

as per modelling 

experts.  

27 Hotelier perception of 

RET as a selling point 

Hotelier perceives that adopting RET may 

improve their hotel image as being green 

and has a marketing effect.  

Dalton et al. (2007) Depending Keep. Name change 

to ‘Hotel 

owner/manager 

perception of RET as 

a competitive 

advantage (selling 

point)’ as per 

stakeholders.  

28 Hotelier perception of 

RET financial benefits 

Hotelier perceives that adopting RET may 

save hotel energy expenditure. 

Mahachi et al. (2015) Depending Keep. Name change 

to ‘Owner/manager 

perception of RET 
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financial benefit’ as 

per stakeholders. 

29 Hotelier awareness of 

energy conservation 

method 

The hotelier is aware of methods that can 

be adopted in a hotel to reduce energy 

consumption. 

RET is rarely considered to reduce energy 

consumption. Other practices including 

recycling and not changing guest towels 

daily are perceived to reduce energy 

consumption.  

Knezevic and Vicic 

(2008); Petrevska et al. 

(2016); Schendler 

(2003) 

Depending Evolve to 

‘Owner/manager 

awareness of energy 

conservation method 

financial benefits’ as 

per stakeholders. 

30 RET cost viability The cost of making electricity from RET 

is less than its net present costs including 

capital, replacement, and maintenance 

costs.  

This can be measured by, for example, 

money saved from using RET, revenue 

from selling electricity back to the grid, 

and simple payback period.  

Interest rate and inflation rate also 

moderate the cost of RET.  

Anastasiadis et al. 

(2014); Zobaa and 

Bansal (2011); 

Buonomano, Calise, 

Palombo, and 

Vicidomini (2015); 

Palmero-Marrero and 

Oliveira (2011); Rubio-

Maya, Uche-Marcuello, 

Martínez-Gracia, and 

Bayod-Rújula (2011) 

Determinant Keep. Name change 

to ‘RET benefits’ as 

per stakeholders.  
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31 Technical feasibility  RET adoption in a hotel is possible when 

measured against: 

(a)     Environmental inputs, i.e.  solar 

radiation, wind speed, and air 

temperature; 

(b)     The length of working life of RET; 

(c)     Payback period; 

(d)     Size of RET measured by kW it 

produces and a physical area size required; 

(e)     Options of the electrical delivery 

system to a hotel including on grid, off-

grid, or hybrid systems; 

(f)      The availability of mature and 

reliable core RET technology; 

(g)     The availability of mature and 

reliable RET; 

(h)     The adoption of SmartGrid. 

Haidar, Muttaqi, and 

Sutanto (2015); 

Hossain et al. (2017); 

Kaldellis and Zafirakis 

(2011); 

SolarCalculation 

(2017); Bechrakis et al. 

(2006); X. Liu and Zeng 

(2017); Stoppato, 

Benato, Destro, and 

Mirandola (2016); H. L. 

Zhang, Baeyens, 

Degrève, and Cacères 

(2013) 

Secondary 

lever 

Dissolve into 

‘Innovation 

investment’, ‘RET 

technology maturity 

and storage’, and 

‘RET benefits’ as per 

stakeholders and 

modelling experts.  

32 Reliability of electricity 

produced by RET 

The ability of RET to produce power 

consistently. 

Bakos and Soursos 

(2002); Lofthouse, 

Simmons, and Yonk 

(2015) 

Determinant Keep 

33 Energy storage Storage such as battery increases the 

energy flow between the grid and 

intermittent renewable power in a hotel. 

Nanaeda et al. (2010) Stake Evolve to ‘RET 

technology maturity 

and storage’ as per 

stakeholders. 
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34 Tourist levels of comfort Tourist levels of comfort and perceived 

value that are influenced by the hotel’s 

physical environment in the form of 

ambience particularly lighting, heating, 

and cooling.  

Tourists’ perceived levels of pleasure 

influence their revisit intention. 

Borkovic et al. (2008); 

Han and Ryu (2009); 

Rapoport (1982) 

 

Determinant Evolve to ‘Tourist 

perceived levels of 

comfort and value for 

price’ as per 

stakeholders. 

35 Green job creation Employment in an industry that is 

considered to produce environmental 

benefits such as renewable energy. 

Examples are jobs in RET manufacturing, 

installing, and maintaining. 

Jobs in renewable energy can be found in 

the annual publication of the renewable 

energy status report such as REN21.  

Acey and Culhane 

(2013); Sheikh et al. 

(2016); Theocharis 

Tsoutsos, Frantzeskaki, 

and Gekas (2005) 

Autonomous Delete by 

stakeholders 

36 Availability of workforce Appropriate trained workforce for the 

generation and distribution of the targeted 

RET 

Amer and Daim (2010); 

Clancy, Oparaocha, and 

Roehr (2004); 

Coggeshall and 

Margolis (2010); 

Sheikh et al. (2016) 

Disconnected Delete by researchers  

37 Non-renewable energy 

cost 

Price of non-renewable energy sources 

such as diesel and gas, and price of 

electricity purchased from centralised grid 

intervenes the feasibility of RET in a hotel 

and influence RET adoption decision.  

Aagreh and Al-Ghzawi 

(2013); Anastasiadis et 

al. (2014); Ashourian et 

al. (2013); Dalton et al. 

(2009b); Fazelpour, 

Soltani, and Rosen 

Secondary 

lever 

Keep. Name change 

to ‘Cost of non-

renewable supply’ as 

per stakeholder.  
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If the price of diesel is low, hotels found 

that diesel generator is more economical 

than RET, and opposite when the price of 

diesel is high.  

Changes in non-renewable energy cost 

also determine the pace of RET 

development. 

The comparison between non-renewable 

and renewable energy costs determine 

when price subsidy and tax incentives for 

renewable energy electricity will be put in 

place.  

(2014); M. M. Zhang, 

Zhou, and Zhou (2016);  

 

38 Reliability/availability of 

non-renewable supply 

Whether a hotel has access to a reliable 

and continuous supply of non-renewable 

energy or not influence hotel’s decision to 

adopt RET.  

As per expert revision Determinant Delete by 

stakeholders 
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Appendix F. A geometric mean of the structural analysis matrix completed by participants. 
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Public 

Engagement in 

RET policy 

0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

RET Policy 

incentives 

2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

The Renewable 

Energy Target 

scheme 

0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Australia’s 2030 

climate change 

target 

0 2 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Australia’s 

annual emissions 

rate 

0 2 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Travel season  0 0 0 0 0 0 0 2 0 0 0 2 2 0 0 0 0 0 0 

Tourists' 

electricity 

0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
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consumption in 

room 

Hotel energy 

demand profile 

0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tourists' 

perception of 

RET as a reliable 

energy source  

2 0 0 0 0 0 2 3 0 3 3 0 2 0 0 0 0 0 0 

Tourists willing 

to stay in RET 

hotel 

0 0 0 0 0 0 2 2 2 0 2 0 2 0 0 0 0 0 0 

Tourists willing 

to pay for RET 

0 0 0 0 0 0 2 2 3 3 0 0 2 0 0 0 0 0 0 

Tourist types 0 0 0 0 0 0 2 3 2 2 3 0 2 0 0 0 0 0 0 

Tourists' 

perceived quality 

of service  

0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 2 

Hotel access to 

RET technology 

0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 

Eco - friendly 

hotel design 

0 0 0 0 0 0 2 2 0 2 2 0 2 0 0 0 0 3 2 

Hotel chain 

affiliation 

0 0 0 0 0 0 2 2 0 0 0 2 2 2 3 0 3 2 3 

Hotel size 0 0 0 0 0 0 2 2 2 0 2 2 2 1 2 0 0 2 2 

Hotel traditional 

architecture 

0 0 0 0 0 0 1 2 0 0 0 2 0 0 3 0 0 0 2 

Hotel rating 0 0 0 0 0 0 1 2 0 2 0 3 2 2 2 2 2 1 0 
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Appendix F. A geometric mean of the structural analysis matrix completed by participants (cont.). 
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Hotel location 0 2 2 2 0 2 2 1 0 2 0 0 0 0 2 0 0 0 2 

Hotel land/building 

ownership 

2 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hotel technical 

capacity 

0 0 0 0 0 0 0 2 2 2 0 0 2 3 0 0 0 0 0 

Hotel availability of 

space 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hotel availability of 

finance 

2 2 3 3 0 2 0 2 3 3 0 0 2 3 0 3 0 0 2 

Hotel existence of 

Green program 

0 0 0 0 0 0 0 2 2 3 0 0 0 0 0 0 0 0 0 

Hotel accessibility to 

the electrical grid 

0 0 0 0 0 0 0 2 3 2 0 0 2 3 0 0 0 2 2 

Hotelier perception of 

RET as selling point  

0 0 0 0 0 2 0 0 3 2 0 0 0 0 0 0 0 0 0 

Hotelier perception of 

RET financial benefits 

0 0 0 0 0 2 0 0 0 0 0 0 0 2 0 0 0 0 0 

Hotelier awareness of 

energy conservation 

methods 

0 0 3 0 0 2 0 3 0 0 0 0 0 3 0 0 0 0 0 

RET cost viability 0 0 0 0 3 3 0 2 2 0 0 2 0 3 0 2 0 3 0 
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Technical feasibility   0 0 0 0 0 2 0 2 0 0 0 0 3 3 0 2 0 3 0 

Reliability of 

electricity produced 

by RET 

0 0 3 0 2 2 0 0 3 2 0 2 0 3 3 0 0 3 0 

Energy storage 0 0 0 0 2 2 0 2 2 2 3 3 3 0 2 0 0 2 0 

Tourists' levels of 

comfort 

0 0 3 0 2 3 0 0 2 0 0 0 0 2 0 0 0 0 0 

Green job creation*  0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 

Availability of 

workforce* 

0 0 0 0 2 0 0 0 2 0 0 2 0 0 0 0 0 0 0 

Non-renewable 

energy cost 

0 0 0 0 2 2 0 2 3 2 0 2 0 3 0 0 0 0 2 

Reliability/availability 

of non-renewable 

supply 

0 0 2 0 2 2 0 2 2 0 0 2 0 0 0 0 0 2 0 
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Appendix G. Causal loop diagram’s list of 42 variables related to RET adoption in the hotel sector in Queensland, Australia. 

 Variable name Description References Transition after 

MICMAC process 

1 Number of hotels adopting RET The number of hotels that acquire renewable 

energy technology to produce electricity for 

its own use. 

Adjusted by researchers Evolve from ‘Hotel 

accessibility to RET 

technology.’ 

2 Demand for small-medium scale 

RET 

The quantity of a small to medium scale RET 

(that is not solar or wind farm) that the public 

and industries including the hotel sector are 

willing and able to buy. 

Adjusted by stakeholders 

during I/WS 

Dissolve from ‘The 

Renewable Energy 

Target scheme.’ 

3 Distribution network usage The consumption of grid-based electricity 

among the public and industries including 

the hotel sector.   

Added by stakeholders 

during I/WS 

 

4  Gross electricity retail profit 

margin 

The financial gain of electricity retailers 

after deducting expenses such as operating 

costs.  

Added by stakeholders 

during I/WS 

 

5 Lobby government to remove RET 

incentive 

Industries, that lose their profit to RET, 

influence the legislator to withdraw RET 

incentives. 

Added by stakeholders 

during I/WS 

 

6 RET incentive policy   Feed-in-tariff and investment funding 

through the Australia Renewable Energy 

Agency (ARENA). 

Aagreh and Al-Ghzawi 

(2013); Güler et al. (2013) 

 

7 Owner/manager perception of RET 

financial benefit  

Hotelier perceives that adopting RET may 

save hotel energy expenditure. 

Mahachi et al. (2015)  
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8 Hotel sets aside money for RET 

investment  

A hotel has a fund available for RET 

investment.   

Dascalaki and Balaras 

(2004); Karagiorgas et al. 

(2006); Mahachi et al. 

(2015)  

 

9 Efficiency of engineers at a hotel

   

The hotel has engineers who have 

knowledge about RET, and support and 

promote energy project in the hotel.  

Dascalaki and Balaras 

(2004); Karagiorgas et al. 

(2006) 

 

10 Electricity retailer perception of 

RET financial benefits 

Electricity retailer perceives that switching 

to RET-sourced electricity will generate 

them an income through government 

incentive policy.  

Added by stakeholders 

during I/WS 

 

11 Large-scale RET investment The amount of money used to establish or 

expand renewable energy power stations, 

such as wind and solar farms.  

Adjusted by stakeholders 

during I/WS 

Dissolve from ‘The 

Renewable Energy 

Target scheme.’ 

12 Australia’s emission amount The amount of Australia’s annual emissions. 

For example, in 2014-15 Australia emitted 

549.3 Mt CO2-e. This figure is the second 

lowest emissions level since, and 1.9 per 

cent below, 2000 levels (560.2 Mt CO2-e) 

and 10.2 per cent below 2005 levels (611.4 

Mt CO2-e). 

The level of atmospheric gases including 

carbon dioxide (CO2), methane (CH4), and 

nitrous oxide (N2O) which responsible for 

the greenhouse effect and climate change. 

Department of the 

Environment and Energy 

(2017); World Resources 

Institute (n.d.) 

 

13 Gap between the target and actual 

emission 

The difference between the amount of 

Australia’s target and actual emission. 

Calculate by Australian’s target minus actual 

emission.  

Adjusted by modelling 

experts during I/WS 

Evolve from 

‘Australia’s 2030 

climate change target’.  
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14 Owner/manager awareness of 

energy conservation method 

financial benefits 

Hotelier perceives that adopting energy 

conservation method (other than using RET) 

will save the hotel energy expenditure. 

These methods are for example recycling 

and not changing guest towels daily. 

Adjusted by stakeholders 

during I/WS 

Evolve from ‘Hotelier 

awareness of energy 

conservation method.’ 

15 Hotel’s adoption of other energy 

conservation methods 

Hotel acquits energy conservation methods 

(other than using RET) to save the hotel 

energy expenditure. These methods are for 

example recycling and not changing guest 

towels daily. 

Adjusted by stakeholders 

during I/WS 

Evolve from ‘Hotel 

existence of Green 

program.’ 

16  Hotel energy demand profile The amount of electricity spent by the hotel 

on heating, cooling, and food processing. 

Types of hotel and star rate determine the 

availability of guest facilities such as a 

swimming pool, spa, air conditioner, heater, 

etc. Also, the hotel operates 24 hours.

  

Bohdanowicz and Martinac 

(2007); Knezevic and Vicic 

(2008) 

 

17 Value of the hotel’s electricity bill Actual dollar value of the hotel’s electricity 

bill.  

Added by stakeholders 

during I/WS 

 

18 Hotel’s profit The differences between hotel’s earnings 

and expenses (including energy bills).  

Added by stakeholders 

during I/WS 

 

19 Amount of energy charged by the 

electricity retailer 

The amount of rate electricity retailers 

charge in an electricity plan for a hotel 

business.  

Added by stakeholders 

during I/WS 
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20 Domestic and other industries’ 

electricity bills 

Actual dollar value of domestic and 

industries (other than the hotel sector)’s 

electricity bill. 

Added by stakeholders 

during I/WS 

 

21 Innovation investment The monetary assistance from the public and 

private sectors for RET-related and 

development process up until the product is 

commercially available.  

Adjusted by stakeholders 

and modelling experts 

during I/WS 

Dissolve from 

‘Technical feasibility.’ 

22 RET technology maturity and 

storage 

The availability of matured RET core 

technology and energy storage (i.e. battery).  

Adjusted by stakeholders 

and modelling experts 

during I/WS 

Evolve from ‘Technical 

feasibility’ and ‘Energy 

storage.’ 

23 Reliability of electricity produced 

by RET 

The ability of RET to produce power 

consistently.  

Bakos and Soursos (2002); 

Lofthouse, Simmons, and 

Yonk (2015) 

 

24  RET benefits The cost of making electricity from RET is 

less than its net present costs including 

capital, replacement, and maintenance costs.  

This can be measured by, for example, 

money saved from using RET, revenue from 

selling electricity back to the grid, and 

simple payback period.  

Interest rate and inflation rate also moderate 

the cost of RET.   

Anastasiadis, Vokas, 

Papageorgas, Kondylis, 

and Kasmas (2014); 

Buonomano, Calise, 

Palombo, and Vicidomini 

(2015); Palmero-Marrero 

and Oliveira (2011); 

Rubio-Maya, Uche-

Marcuello, Martínez-

Gracia, and Bayod-Rújula 

(2011) ; Zobaa and Bansal 

(2011) 

 

25 Price of RET The initial cost in dollar values of RET.  Added by stakeholders 

during I/WS 
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26  Tourist willingness to stay in RET 

hotel (demand) 

Tourist’s willing to stay in hotels that invest 

in RET  

Dalton et al. (2008b); 

Kostakis and Sardianou 

(2012); Tsagarakis et al. 

(2011) 

 

27 Hotel owner/manager perception of 

RET as a competitive advantage 

(selling point) 

Hotelier perception of RET as a selling point

 Hotelier perceives that adopting RET 

may improve their hotel image as being 

green and has a marketing effect.  

  

Dalton et al. (2007)  

28 Gap between the cost of electricity 

from the grid and from RET 

The difference between the cost of electricity 

purchased from the grid and produced by 

hotel-owned RET. Calculate by grid price 

minus hotel own. 

Adjusted by modelling 

experts during I/WS 

Evolve from ‘Hotel 

accessibility to the 

electrical grid.’ 

29 Gap between RET investment and 

purchasing electricity with 

GreenPower 

The difference between the cost of electricity 

produced by hotel-owned RET and 

purchased from the GreenPower providers. 

Calculate by RET investment minus 

purchasing electricity with GreenPower.  

Added by modelling 

experts during I/WS 

 

30 Hotel purchase electricity with 

GreenPower 

Hotel purchases electricity from 

GreenPower providers.  

Added by stakeholders 

during I/WS 

 

31 Tourist awareness and attitude 

about the environment 

Tourist being conscious of the 

environmental issues. 

Adjusted by stakeholders 

during I/WS 

Dissolve from ‘Tourist 

types’ 

32 Green tourists’ environmentally 

friendly behaviour 

Environmental-conscious tourists engage in 

environmentally friendly behaviours such as 

demanding for eco-friendly 

accommodations and reducing their energy 

consumption during their stay.   

Adjusted by stakeholders 

during I/WS 

Dissolve from ‘Tourist 

types’ 
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33 Tourists' electricity consumption in 

room 

The amount of electricity consumption by 

tourist during their stay at the hotel.  

Tourists consume energy during their stay in 

the hotel higher when compared with when 

they are at home. This irrational behaviour 

results from tourists paying a flat rate for 

their room and not subject to increase 

amount of energy bills. Tourists also wish to 

enjoy the hotel’s available service to the 

maximum during their stay.   

Borkovic, Kulisic, and 

Zidar (2008) 

 

34 Extreme weather Unusual weather conditions such as heat 

wave or blizzard. 

Added by stakeholders 

during I/WS 

Evolve from ‘Travel 

season.’ 

35 Hotels in the same brand bargain 

together 

A company or owner that operates multiple 

hotels negotiates with electricity providers 

for a cheap electricity plan.   

Added by stakeholders 

during I/WS 

 

36 Hotel rating Hotel-star rating influences its business’s 

environmental concern and willing to use 

energy efficient appliance. 

A hotel with higher star rating has more 

positive environmental concern and willing 

to use energy-efficient appliances than a 

hotel with a lower star rating.  

Petrevska, Cingoski, and 

Serafimova (2016) 

 

37 Hotel participant of brand 

affiliation 

Whether a hotel is a part of a group operated 

by the same company or owner or not. 

Being part of a hotel chain influences hotel’s 

environmental practices, availability of 

Álvarez Gil, Burgos 

Jiménez, and Céspedes 

Lorente (2001); Mahachi et 

al. (2015); Mensah and 

Blankson (2013) 
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financial and technical resources that 

influence the successful environmental 

management such as RET adoption.  

Being part of hotel chain can also prevent 

RET adoption due to bureaucracy problem 

associated with chain hotels.   

38 The proximity of hotel location to 

urban area 

The distance between a hotel location and 

the urban area. The shorter the distance, the 

closer the hotel to the urban area. 

Adjusted by stakeholders 

during I/WS 

Evolve from ‘Hotel 

location.’  

39 Hotel availability of space Available area for RET installation in a 

hotel.  

Chan, Li, Mak, and Liu 

(2013); Mahachi et al. 

(2015) 

 

40  Electricity retailer options A number of electricity retailer options 

available for a hotel to choose. 

Added by stakeholders 

during I/WS 

 

41 Tourist perceived levels of comfort 

and value for the price 

Tourist perceives value pricing. The value 

indicates what tourists think they derive 

from consuming a service.  

Adjusted by stakeholders 

during I/WS 

Evolve from ‘Tourist 

levels of comfort’ and 

‘Tourist perceived 

quality of service.’ 

42 Cost of non-renewable supply Price of non-renewable energy sources such 

as diesel and gas, and price of electricity 

purchased from centralised grid intervenes 

the feasibility of RET in a hotel and 

influence RET adoption decision.  

If the price of diesel is low, hotels found that 

diesel generator is more economical than 

RET, and opposite when the price of diesel 

is high.  

Aagreh and Al-Ghzawi 

(2013); Anastasiadis et al. 

(2014); Ashourian et al. 

(2013); Dalton, 

Lockington, and Baldock 

(2009b); Fazelpour, 

Soltani, and Rosen (2014); 
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Changes in non-renewable energy cost also 

determine the pace of RET development. 

The comparison between non-renewable and 

renewable energy costs determine when 

price subsidy and tax incentives for 

renewable energy electricity will be put in 

place. 

M. M. Zhang, Zhou, and 

Zhou (2016);  

 

*M = MICMAC, I = one-on-one interview, WS = Stakeholder engagement workshop, CLDfinal = Final draft of CLD. 
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Appendix H. Sensitivity analysis result of 30 parameters on Adopters. 

 Group Constant names Min Max Interval Unit Confidence bound of Adopters 

1 Diffusion 

model 

Net hotel growth rate 0 1 0.01 Fraction (%) 
 

2 
 

Time to build hotel 1 10 1 Year 
 

3 
 

Carrying capacity 5000 20,0

00 

5000 Hotels 
 

SA_30

50.0% 75.0% 95.0% 100.0%

Adopters

60,000

45,000

30,000

15,000

0
0 5 10 15 20

Time (Year)

SA_31

50.0% 75.0% 95.0% 100.0%

Adopters

3000

2250

1500

750

0
0 5 10 15 20

Time (Year)

SA_32

50.0% 75.0% 95.0% 100.0%

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)
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4 Technology 

sub model 

Technology lifespan 1 30 1 Year 
 

5 
 

Share of profit on 

investment 

0 1 0.1 Fraction 
 

6 
 

Ratio of target price to 

cost price 

1 5 0.5 DMNL 
 

7 
 

Capacity utilization at 

RET production 

1 10 1 DMNL 
 

SA_23

50.0% 75.0% 95.0% 100.0%

Adopters

1277

959.8

642.6

325.3

8.032
0 5 10 15 20

Time (Year)

SA_35

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)

SA_34

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)

SA_64

50.0% 75.0% 95.0% 100.0%

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)
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8 
 

Adjustment time 1 5 0.5 Year 

9   Knowledge increment 

per investment 

0.00

01 

1 0.01 1/$  

  

 

10 Policy sub 

model 

Required small-scale 

technology percentage 

0 100 10 Credit/Year   

SA_37

50.0% 75.0% 95.0% 100.0%

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)

SA_24

50.0% 75.0% 95.0% 100.0%

Adopters

1301

975.9

650.6

325.3

0
0 5 10 15 20

Time (Year)

SA_36

50.0% 75.0% 95.0% 100.0%

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)
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11 
 

Gov subsidy 0 3000 0 $  
 

 

12 
 

Price change delay 0.1 1 0.1 Year 
 

13   Desired certificate 

inventory coverage 

0.00

2 

1 0.002 Year   

14 GRID_RET Average room size 3500 8500 850 m2 
 

SA_38

50.0% 75.0% 95.0% 100.0%

Adopters

1285

963.9

642.6

321.3

0
0 5 10 15 20

Time (Year)

SA_39

50.0% 75.0% 95.0% 100.0%

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)

SA_40

50.0% 75.0% 95.0% 100.0%

Adopters

1317

988

658.6

329.3

0
0 5 10 15 20

Time (Year)

SA_25

50.0% 75.0% 95.0% 100.0%

Adopters

1285

963.9

642.6

321.3

0
0 5 10 15 20

Time (Year)
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15 
 

kWh per certificate 500 10,0

00 

500 kWh/credit 
 

16 
 

Electricity usage 

charge by retail 

0.45 20.3

7 

0.045 c/kWh 
 

17 
 

Interest rates 0.01 0.04

15 

0.001 Fraction (%) 

per year 

 

18 
 

Debt retirement time 1 10 1 Year 
 

SA_41

50.0% 75.0% 95.0% 100.0%

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)

SA_42

50.0% 75.0% 95.0% 100.0%

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)

SA_43

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)

SA_44

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)
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19 
 

Inflation rate 0.01

3 

0.02

1 

0.0013 Year 
 

20 
 

Operation and 

Maintenance rate 

0.1 0.5 0.01 DMNL 

 

21 
 

Electricity supply 

charge rate 

0 30 0.1 $/day 

 

22 
 

Debt financing 

fraction 

0 1 0.1 Fraction 

 

 

SA_46

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)

SA_47

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)

SA_55

50.0% 75.0% 95.0% 100.0%

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)

SA_55

50.0% 75.0% 95.0% 100.0%

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)
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23 Hotelier sub 

model 

Time for hotelier to 

believe in engineer 

recommendation 

1 10 1 Year 
 

24 
 

Time for hotelier to 

adjust perception other 

green finance benefit 

1 10 1 Year 

 

25   Time for hotelier to 

adjust belief RET 

marketing benefit 

11 10 11 Year 

 

SA_49

50.0% 75.0% 95.0% 100.0%

Adopters

1325

996

666.7

337.3

8.032
0 5 10 15 20

Time (Year)

SA_50

50.0% 75.0% 95.0% 100.0%

Adopters

1325

994

662.7

331.3

0
0 5 10 15 20

Time (Year)

SA_48

50.0% 75.0% 95.0% 100.0%

Adopters

1293

969.9

646.6

323.3

0
0 5 10 15 20

Time (Year)
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26 Tourist sub 

model 

Temperature change 1 4 0.1 Celsius 

 

27 
 

Time take to adjust to 

temperature change 

1 10 1 Year 

 

28 
 

Time take tourist to 

change behaviour 

1 10 1 Year  
 

 

SA_51

50.0% 75.0% 95.0% 100.0%

Adopters

1285

963.9

642.6

321.3

0
0 5 10 15 20

Time (Year)

SA_52

50.0% 75.0% 95.0% 100.0%

Adopters

1309

981.9

654.6

327.3

0
0 5 10 15 20

Time (Year)

SA_53

50.0% 75.0% 95.0% 100.0%

Adopters

1333

1000

666.7

333.3

0
0 5 10 15 20

Time (Year)
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29   Min in-room 

electricity 

consumption 

5 20 0.5 kWh/m2/Year   
SA_54

50.0% 75.0% 95.0% 100.0%

Adopters

2000

1500

1000

500

0
0 5 10 15 20

Time (Year)
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Appendix I. System dynamics model of RET adoption in the hotel sector, Queensland. Equations and assumptions. 

1. Diffusion model 
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actual potential market=Total hotel population in Queensland*share of hotels with physical ability to adopt RET 

 Units: hotel 

 Note: Not every hotel can adopt RET. Some hotels have physical restraint such as located in the area where there is not enough sun hour. 

 

Adopters= INTEG (adoption rate-end of use rate,0) 

Units: hotel 

 

adoption rate= SIMULTANEOUS (innovation factor p*potential adopters+imitation factor q*potential adopters*Adopters/actual potential 

market*(0.3*Technology Aspect+0.25*Hotelier aspect+0.2*Policy Aspect+0.25*Tourist Aspect),1) 

Units: hotel/Year 

Note: Weighting for each aspect are per group discussion with hotel manager, hotel engineer, and hotel accountant. The total weight is 100%. 

 

carrying capacity=20000 

Units: hotel [20000,20000] 

 

effect of hotel crowding on growth= WITH LOOKUP (Total hotel population in Queensland/carrying capacity, 

  ([(0,0)-(4,5)],(0.0122324,4.01754),(1.00306,2.47807),(2,2),(3.02141,1.20614),(3.9633,0) )) 

Units: Dmnl 

 

end of use rate= DELAY FIXED (adoption rate, technology life time , adoption rate) 

Units: hotel/Year 

 

GreenPower adopter=Total hotel population in Queensland*share of hotels interest in GreenPower 

Units: hotel 
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Note: Number of hotel use GreenPower 

 

Hotelier aspect=(0.2*bass hotelier believes in engineer)+(0.31*bass comparator grid RET)+(0.31*bass hotelier perceive other green finance)+(0.13*bass hotelier 

perceive marketing benefits) 

Units: Dmnl 

Note: Hotelier perception about RET (according to the CLD) is influenced by 1.Engineer's recommendation; 2.RET is cheaper than grid; 3.Flow on 

perception when seeing savings from other green practice; 4.RET has marketing benefits. Green power is not included in this "Hotel Aspect"' because this 

research has already deducted the proportion of total hotel out to purchase GreenPower. Weights were calculated based on MICMAC results, method as 

found in Suprun et al. (2018), An Integrated Participatory Systems Modelling Approach: Application to Construction Innovation, Systems, 6(3), 33, 

https://doi.org/10.3390/systems6030033 

 

imitation factor q=0.5442 

Units: 1/Year 

Note: This variable is "contact rate (c)" in Bass model, representing the adoption from word of mouth. 

 

initial potential adopter=10 

Units: hotel 

 

innovation factor p=0.002454 

Units: 1/Year 

Note: This variable is equal to "advertising effectiveness (a)" in Bass model. Potential Adopter*innovation factor p = adoption from advertising. 

 

net hotel growth=((Total hotel population in Queensland*net hotel growth rate)*effect of hotel crowding on growth)/time to build hotel 

Units: hotel/Year 
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net hotel growth rate=0.016 

Units: fraction/Year 

Note: Historically, the hotel stock grew at an average rate of 1.1% per year between 1999 and 2011, and it is projected to continue to grow to 2020 at 

around 1.6% per year. (COAG. (2012). Baseline Energy Consumption and Greenhouse Gas Emissions in Commercial Buildings in Australia: Part 1 

Report. Council of Australian Government) 

 

performance improvement=(Stock of knowledge^sensitivity of performance per cummulative knowledge)* 

contribution share of knowledge accumulation in performance improvement 

Units: Dmnl 

 

Policy Aspect=(0.5*bass income from STP credits)+(0.5*bass gov subsidy) 

Units: Dmnl 

 

potential adopters= ACTIVE INITIAL ((actual potential market-Adopters)+end of use rate,initial potential adopter) 

Units: hotel 

 

share of hotels interest in GreenPower=0.0024 

Units: Dmnl 

Note: The reasons hotel interest in GreenPower are Price of GreenPower is lower than Grid, and Lower than RET. Up until now as per GreenPower 

webpage, only 3 hotels out of 1235 hotels use GreenPower =(100/1235)*3= 0.24/100 = 0.0024 

 

share of hotels with physical ability to adopt RET=0.85 

Units: Dmnl 
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Note: Assume 85% of hotel has physical ability to adopt RET i.e. enough sunlight, wind, space. 

 

Technology Aspect=(bass techno price normalize*weight1 technology price)+(bass techno performance improve normalize*(1-weight1 technology price)) 

Units: Dmnl 

Note: Based on MICMAC and CLD results, RET endusers care about technology's price and performance. 

 

technology life time=30*performance improvement 

Units: Year [1,30] 

 

time to build hotel=5 

Units: Year 

Note: Assume hotel takes 5 years to plan and build. 

 

Total hotel population in Queensland= INTEG (net hotel growth,1235) 

Units: hotel 

Note: In 2016, there are 1235 hotels in Queensland (Queensland Government (2018) Tourist accommodation: licensed hotels, motels, guest houses and 

serviced apartments (a)(b), Queensland, 2005–06 to 2015–16 (archived). Retrieved Date Accessed, 2018 from 

http://www.qgso.qld.gov.au/products/tables/tourism-accom-qld/index.php. 

 

Tourist Aspect=(0.31*"bass tourist in-room electricity consumption behaviour")+(0.69*bass tourist willingness to choose RET hotel) 

Units: Dmnl 

Note: Wights are calculated as per MICMAC results. This method has been implemented in Suprun et al. (2018), An Integrated Participatory Systems 

Modelling Approach: Application to Construction Innovation, Systems, 6(3), 33, https://doi.org/10.3390/systems6030033. 
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2. Technology model 
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adjustment time=2 

 Units: Year [0,?] 

Note: The time adjust the price to the target price. This can due to the administrative and decision-making lags in the firm. 0.25 equals to 1 quarter of a 

year (3 months) 

  

bass techno performance improve normalize= WITH LOOKUP (performance improvement/performance improvement per doubling of knowledge,([(1,0)-

(1715,1)],(1,0),(1715,1) )) 

Units: Dmnl 

Note: Converting "Performance improvement" variable to parameter between 0 to 1, in order to be merged to Bass model formula. Method as found in 

dos Santos, L. L. C., Canha, L. N., & Bernardon, D. P. (2018). Projection of the diffusion of photovoltaic systems in residential low voltage consumers. 

Renewable Energy, 116, pp. 384-401. doi:10.1016/j.renene.2017.09.088 Retrieved from 

http://www.sciencedirect.com/science/article/pii/S0960148117309588 

 

bass techno price normalize= WITH LOOKUP (Technology Price/initial RET price,([(0,0)-(1.5,1)],(0,1),(1.5,0) )) 

Units: Dmnl 

Note: Converting "technology price" variable to parameter between 0 to 1, in order to be merged to Bass model formula. 

 

capacity utilization at RET production=1 

Units: Dmnl 

Note: Eventually the unit cost of the product adjusted by firm’s capacity utilization that is the ratio, determines the degree up to which the firm uses its 

installed productive capacity, so it refers to the level of actual output and potential output of the firm. Potential output is the maximum performance of the 

firm while using its full capacity (Corrado and Mattey 1997). As the capacity utilization of a firm increases, the cost of the product declines since capacity 

utilization influences unit fixed cost (Nelson 1989; Puty 2005).  
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References: Corrado, C. and J. Mattey (1997). Capacity Utilization, American Economic Association. 11: 151-167.; Norton, J. A. and F. M. Bass (1987). 

"A Diffusion Theory Model of Adoption and Substitution for Successive Generations of High-Technology Products." Management Science 33(9): 1069- 

1086.; Puty, C. (2005). Cost Curves and Capacity Utilization in the US Manufacturing: 1958-1996. Seminar programs. São Paulo Department of 

Economics-Universidade Federal do Pará.  

 

change in technology price=(target price-Technology Price)/adjustment time 

Units: $/kWh/Year 

 

contribution share of knowledge accumulation in performance improvement=IF THEN ELSE(performance improvement per doubling of knowledge>0, 0.5, 0) 

Units: Dmnl [0,1] 

 

cost price=(1+desired RET profit margin)*RET unit cost 

Units: $/kWh 

Note: Cost price refers to the price which is determined by the amount of the technology unit cost regulated by desired profit margin. 

 

Cumulative electricity generation= INTEG (RET production,initial RET production experience) 

Units: kWh 

Note: this research expresses experience as ‘cumulative electricity generation’ measured in kW as recommended by Neij, L. (2008). Cost development of 

future technologies for power generation—A study based on experience curves and complementary bottom-up assessments. Energy Policy, 36(6), pp. 

2200-2211. doi:10.1016/j.enpol.2008.02.029 Retrieved from http://www.sciencedirect.com/science/article/pii/S0301421508001237 

 

desired RET profit margin=0.2 

Units: Dmnl 

Note: The initial cost of the product is further adjusted by desired profit margin, which is the amount of markup a company considers on its price. 
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initial RET price=0.22 

Units: $/kWh [0.058,0.22,0.05] 

Note: According to IRENA 2018, The cost of electricity produced from renewable energy ranged between 0.058-0.219 USD/kwh. 

Reference.https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Renewable-Power-Generations-Costs-in-2018.pdf 

  

initial RET production experience=10000 

Units: kWh 

Note: Use the average hotel electricity consumption per year per establishment.  

 

initial RET unit fixed cost=(initial RET price/(1+desired RET profit margin))*RET fixed to variable cost ratio*(1/(1+RET fixed to variable cost ratio)) 

Units: $/kWh 

Note: Initial fixed cost per unit determined by company specified ratio of fixed to variable cost adjusted by normal profit margin 

 

initial RET unit variable cost=(initial RET price/(1+desired RET profit margin))*(1/(1+RET fixed to variable cost ratio)) 

Units: $/kWh 

Note: Initial variable cost per unit determined by a RET company specified ratio of fixed to variable cost adjusted by Normal capacity utilization and 

normal profit margin. 

 

investment on marketing=total investment*share of investment on marketing 

Units: $/Year [0,?] 

Note: Additional investment on marketing via advertisement, mass media, etc, have a large influence on the current market performance of the firm and 

positively influences the success of new products (Ofek and Sarvary 2003). Ofek, E. and M. Sarvary (2003). R&D, Marketing, and the Success of Next-

Generation Products, INFORMS. 22: 355-370. 
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"investment on R&D"=total investment*"share of investment on R&D" 

Units: $/Year [0,?] 

Note: As RET company invest on R&D, they expand their capability to enhance their performance in the future. Moreover, current expenditure on R&D 

will increase the firm’s profit, earnings, and operating performance in the future (Lev and Sougiannis 1996; Eberhart, Maxwell et al. 2004). Also empirical 

research has been done addressing that firm’s increase in R&D expenditure is associated with its excess profit (Chan, Lakonishok et al. 2001; Chambers, 

Jennings et al. 2002). 

References: Lev, B. and T. Sougiannis (1996). "The capitalization, amortization, and value-relevance of R&D."Journal of Accounting and Economics 

21(1): 107-138.; Eberhart, A. C., W. F. Maxwell, et al. (2004). An Examination of Long-Term Abnormal Stock Returns and Operating Performance 

Following R&amp;D Increases. 59: 623-650.; Chan, L. K. C., J. Lakonishok, et al. (2001). The Stock Market Valuation of Research and Development 

Expenditures. 56: 2431-2456.; Chambers, D., R. Jennings, et al. (2002). "Excess Returns to R&D-Intensive Firms." Review of Accounting Studies 7(2): 

133-158. 

 

knowledge increment per investment=0.0001 

Units: 1/$ 

 

learning=(Cumulative electricity generation/initial RET production experience)^learning curve exponent 

Units: Dmnl 

Note: Technology learning curve formulat is = (cumulative production/initial production experience)^learning exponent. (Junginer et al 2005, Kahouli-

rahmi 2008).  

References: Junginger, M., A. Faaij, et al. (2005). "Global experience curves for wind farms." Energy Policy 33(2):133-150.; Kahouli-Brahmi, S. (2008). 

"Technological learning in energy-environment-economy modelling: A survey." Energy Policy 36(1): 138-162. 

 

learning curve exponent=LN(progress ratio)/LN(2) 

Units: Dmnl 
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Note: Leaning curve expodent is calculated as = Ln(progress ratio)/Ln(2) (Junginer et al 2005, Kahouli-brahmi 2008). The exponent learning curve eq 

determines how strong the learning curve is in reduction of cost per each doubling of production, which should be negative. This is because costs fall as 

cumulative production grows. 

 

Marketing performance= INTEG (marketing performance improvement rate,0) 

Units: Dmnl 

 

marketing performance improvement per investment=0.0001 

Units: 1/$ 

Note: The effect of investment per each unit of investment on marketing 

 

marketing performance improvement rate=investment on marketing*marketing performance improvement per investment 

Units: 1/Year 

 

number of production per adopter=1 

Units: 1 

 

overall adoption from advertising=overall p*Overall potential RET consumption 

Units: kWh/Year [0.03,0.03] 

 

overall adoption from WOM=overall q*Overall potential RET consumption*RET consumption overall/overall total QLD electricity consumption 

Units: kWh/Year [0.38,0.38] 

 

overall discard rate=RET consumption overall/technology life time 
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Units: kWh/Year 

 

overall p=0.03 

Units: 1/Year [0.03,0.03] 

Note: The average parameter of the Bass model is 0.03. Reference: F. Sultan, J.U. Farley, D.R. Lehmann, A meta-analysis of diffusion models, J. Mark. 

Res. 27 (February) (1990) 70e77. 

 

Overall potential RET consumption= INTEG (overall discard rate-overall RET consumption rate,overall total QLD electricity consumption) 

Units: kWh 

Note: This research assumes that energy consumption equals to energy production, due to data availability. Reference: 

https://www.energy.gov.au/publications/australian-energy-update-2018 Table F: Australian energy consumption, by state, by industry and fuel type, 

energy units (XLSX 3MB) 

 

overall q=0.38 

Units: 1/Year 

Note: The average q parameter for Bass model is 0.38. Reference: F. Sultan, J.U. Farley, D.R. Lehmann, A meta-analysis of diffusion models, J. Mark. 

Res. 27 (February) (1990) 70e77. 

 

overall RET consumption rate=overall adoption from advertising+overall adoption from WOM 

Units: kWh/Year 

 

overall total QLD electricity consumption=4.26051e+011 

Units: kWh 
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Note: This research assumes that energy consumption equals energy production, due to data availability. According to reference, electricity consumption 

in Queensland (including household and industries listed on ANZSIC), in 2016-17 there was 1,533.8PJ energy consumption, and only 2.8PJ was produced 

from RET. This consumption is only from the household sector. No RET consumption from the industries. Reference: 

https://www.energy.gov.au/publications/australian-energy-update-2018 Table F: Australian energy consumption, by state, by industry and fuel type, 

energy units (XLSX 3MB) This research converts 1 PJ to 277,777,778 kWh as per http://www.kylesconverter.com/energy,-work,-and-heat/petajoules-to-

kilowatt--hours Thus, the total QLD electricity consumption is 1533.8*277777778. Based on ANZSIC industry classification, this research assumes that 

the hotel sector is already included in this data set. Therefore, the (possible) hotel consumption of RET is not included into the RET production rate for 

the technology sector. 

 

performance improvement=(Stock of knowledge^sensitivity of performance per cummulative knowledge)*contribution share of knowledge accumulation in 

performance improvement 

Units: Dmnl 

performance improvement per doubling of knowledge=0.5 

Units: Dmnl 

 

profit= revenue-total cost 

Units: $/Year 

 

profit margin=(Technology Price/RET unit cost)-1 

Units: Dmnl 

 

progress ratio=0.8 

Units: Dmnl 

Note: Reduction in unit cost per each doubling of cumulative production, which basically designates the strength of learning in reducing the cost. 
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rate of increasing in knowledge="investment on R&D"*knowledge increment per investment 

Units: 1/Year 

Note: The model suggested in this section is a simple formal model, assuming the investment on R&D would directly influence the technology performance 

via knowledge accumulation. Hence, other factors influencing the knowledge accumulation, i.e.training and knowledge spill over from other firms are set 

aside from the model. 

 

ratio of target price to cost price=1.1 

Units: Dmnl [0,5] 

Note: In this model, an exogenous variable 'ratio of target price-to-cost price' is introduced which consist of the aggregation of all factors discussed in 

'target price' that influence the target price of the product. This ratio can be set as a percentage above or below the cost price. 

 

RET consumption overall= INTEG (overall RET consumption rate-overall discard rate,30000) 

Units: kWh 

Note: This research assumes that energy consumption equals to energy production, due to data availability. Reference: 

https://www.energy.gov.au/publications/australian-energy-update-2018 Table F: Australian energy consumption, by state, by industry and fuel type, 

energy units (XLSX 3MB) 

 

RET fixed to variable cost ratio=3 

Units: Dmnl [0,?] 

 

RET production=number of production per adopter*overall RET consumption rate 

Units: kWh/Year [0,?] 

 

RET unit cost=RET unit variable cost+RET unit fixed cost/capacity utilization at RET production 
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Units: $/kWh 

Note: Total unit cost is the sum of unit fixed and variable costs (fixed costs per unit of capacity are adjusted for normal capacity utilization). 

 

RET unit fixed cost=initial RET unit fixed cost*learning 

Units: $/kWh 

Note: Fixed cost is the portion of total cost of the production that does not change in the course of activity of the firm and is independent of the firm’s 

amount of production. For example, cost of production facilities and rent are irrespective of the firm’s sales or production; therefore, they are referred to 

as fixed costs. Additionally, the technology learning, determined in the last section, is applied to the cost calculation in order to determine the unit cost of 

technology. 

 

RET unit variable cost=initial RET unit variable cost*learning 

Units: $/kWh 

Note: Variable costs are costs that change proportionally to business activity and the amount of production. It can be calculated by help of manufacturing 

and engineering analysis of the production facility and administrative departments. Additionally, the technology learning, determined in the last section, 

is applied to the cost calculation in order to determine the unit cost of technology. 

 

revenue=Technology Price*RET production 

Units: $/Year 

 

sensitivity of performance per cummulative knowledge=LN(1+performance improvement per doubling of knowledge)/LN(2) 

Units: Dmnl 

 

share of investment on marketing=0.2 

Units: Dmnl [0,1] 
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"share of investment on R&D"=1-share of investment on marketing 

Units: Dmnl 

Note: It is assumed that 80% goes to research and development. 

 

share of profit on investment=0.4 

Units: Dmnl [0,1] 

Note: Percentage of income set aside for investment 

 

Stock of knowledge= INTEG (rate of increasing in knowledge,1) 

Units: Dmnl 

 

target price=cost price*ratio of target price to cost price 

Units: $/kWh 

Note: RET company has to adjust their current price to the 'target price' in order to be more competitive, since price has a rigid positive relation with the 

profitability and survival of the firm (Blattberg and Wisniewski 1989; Besanko, Dubé et al. 2003). Target price of the technology is dependent on different 

factors, i.e., market share, demand-supply curve, the cost of the technology, etc. Boulding and Staelin (1990) introduce six different factors that might 

influence a firm’s ability to put a higher price on the product or reduce the cost of the product. These six factors are: power over suppliers, power over 

buyer, lack of competitive rivalry, lack of threat of competitive entry, market position, and firms’ factors. Firm’s factors such as the production quality, 

high quality advertising or even firm’s good luck also lead to firm’s putting higher price on its products. (Blattberg and Wisniewski 1989; Boulding and 

Staelin 1990). 

References: Blattberg, R. C. and K. J. Wisniewski (1989). Price-Induced Patterns of Competition, INFORMS. 8:291-309.; Besanko, D., J.-P. Dubé, et al. 

(2003). Competitive Price Discrimination Strategies in a Vertical Channel Using Aggregate Retail Data, INFORMS. 49: 1121-1138.; Boulding, W. and 

R. Staelin (1990). Environment, Market Share, and Market Power, INFORMS. 36: 

1160-1177. 
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Technology Aspect=(bass techno price normalize*weight1 technology price)+(bass techno performance improve normalize*(1-weight1 technology price)) 

Units: Dmnl 

Note: Based on MICMAC and CLD results, RET endusers care about technology's price and performance. 

 

technology life time=30*performance improvement 

Units: Year [1,30] 

 

Technology Price= INTEG (change in technology price,initial RET price) 

Units: $/kWh 

 

total cost=RET unit cost*RET production 

Units: $/Year 

Note: Total firm Costs per year 

 

total investment=IF THEN ELSE(profit<=0, share of profit on investment=0, profit*share of profit on investment) 

Units: $/Year [0,?] 

Note: Investment on performance improvement of the company per year 

 

weight1 technology price=0.42 

Units: Dmnl [0,1] 

Note: Weight of price was calculated as per MICMAC's result. First application of MICMAC's weight to SDM weight was by Suprun et al (2018), 

https://doi.org/10.3390/systems6030033.   
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3. Policy model 
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bass gov subsidy= WITH LOOKUP (Initial gov RET subsidy/normalize government subsidy,([(0,0)-(1,1)],(0,0),(1,1) )) 

 Units: Dmnl 

  

bass income from STP credits= WITH LOOKUP (Certificate Price/normalize certificate price 0,([(0,0)-(5,1)],(0,0),(5,1) )) 

Units: Dmnl 

 

certificate demand=IF THEN ELSE(initial percentage STP>0, certificate demand price schedule*initial percentage STP+STEP(10, 10), 0) 

Units: credit/Year 

 

certificate demand price schedule= WITH LOOKUP (Certificate Price,([(0,0)-(100,100)],(0,100),(0.1,95),(0.5,85),(1,75),(2,65),(3,55),(4,35), 

(5,25),(10,20),(20,15),(30,10),(40,5),(50,1),(55,0.1),(100,0) )) 

Units: credit/Year 

Note: Demand in this model obeys one simple rule. It is the demand as dictated by the demand price schedule. The demand price schedule is a demand 

curve that indicates what quantity consumers are willing to buy at a given price. The demand directly affects two things. First, it determines the outflow 

to the inventory stock of the suppliers. This model assumes that the rate of shipments from the inventory is equal to the demand. Additionally, the demand 

sets the size of the supplier’s desired inventory. Reference: http://static.clexchange.org/ftp/documents/roadmaps/RM6/D-4388-2.pdf The fixed trading 

price at the Clearing house is $40. RET owner can choose to trade at the lower price if enter the open market. The average trading price in the open market 

on 30 Sept 2019 was $37.85 

(http://www.cleanenergyregulator.gov.au/RET/Pages/About%20the%20Renewable%20Energy%20Target/How%20the%20scheme%20works/Small-

scale%20technology%20certificate%20market%20updates%20by%20month/Small-scale-technology-certificate-market-update---October-2019.aspx). 

See also http://www.demandmanager.com.au/wp-content/uploads/2018/10/Small-Scale-Renewable-Energy-Scheme-2019-Forecast.pdf. Thus, $40 per 

credit is assumed to be the highest price buyer is willing to pay per credit. Given that there is a surplus amount of credit in the market, it is very unlikely 

that the price will be high. 
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certificate inventory ratio=ZIDZ(Technology Certificate Inventory Overall, desired certificate inventory) 

Units: Dmnl 

 

Certificate Price= INTEG (change in certificate price,IF THEN ELSE(initial percentage STP>0, certificate trading price, 0)) 

Units: $/credit 

Note: The price of small-scale certificates can be traded at the Clearing house at the fixed price $40, or trading at a cheaper price in the open market. Thus, 

this model uses the initial value of certificate at $40. Currently, there are many certificates at the Clearing house untraded for 2 quarters since 2019. 

Reference: http://www.cleanenergyregulator.gov.au/OSR/REC/STC-clearing-house 

 

certificate purchase=certificate demand 

Units: credit/Year 

Note: The certificate purchases equal the demand. The purchase depletes the certificate inventory. 

 

certificate registered=IF THEN ELSE(initial percentage STP>0, certificate supply price schedule*STP credit supply, 0) 

Units: credit/Year 

Note: The price supply schedule is based on a classical short-term supply curve. The company uses this algorithm to set a desirable supply rate for a given 

price. This curve is being used in lieu of more complicated dynamics structure. 

 

certificate supply price schedule= WITH LOOKUP (Certificate Price,([(0,0)-(50,100)],(0,0),(1,1),(2,5),(3,8),(5,20),(10,45),(15,57),(20,68), 

(25,77),(30,84),(35,89),(40,94),(45,97),(50,100) )) 

Units: Dmnl 

Note: The supply flow is determined by the supply price schedule. The supply price schedule is a supply curve which indicates how much the producers 

are willing to produce for each price they receive in the market. The source for this relation is the supply curve provided by classical economic theory. 

Below a certain price, the incentive to produce is zero because manufacturers cannot cover the costs of production. As the price rises above that cut-off, 
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supply will increase rapidly. At higher prices, the additional cost of increasing the supply begins to outweigh the benefits of selling at a higher price. As 

the supply rate continues to increase, it takes larger and larger increases in the market price to justify further increases in supply. Reference: 

http://static.clexchange.org/ftp/documents/roadmaps/RM6/D-4388-2.pdf 

 

certificate trading price=40 

Units: $/credit [0,?] 

 

change in certificate price=(desired certificate price-Certificate Price)/price change delay 

Units: $/(credit*Year) 

Note: Change in price can be either positive or negative depending on the effect on price. If the effect is greater than 1, then price will increase. If the 

effect is less than 1, the price decreases. If effect equals 1, price remains the same. Price changes slowly, so we divide the change by price change delay. 

 

desired certificate inventory=certificate demand*desired certificate inventory coverage 

Units: credit 

Note: Desired inventory is the number of credits the credit suppliers would like to have in inventory. It is calculated as the number of years’ worth of 

demand they would like to store in inventory. 

 

desired certificate inventory coverage=0.002 

Units: Year [0.002,1,0.002] 

Note: The number of years of demand the suppliers would like to keep in inventory. 0.002 = one day. (1year/365days) 

 

desired certificate price=effect on certificate price*Certificate Price 

Units: $/credit 

Note: The equilibrium price as set by the inventory ratio. The actual price will reach this value after a delay specified by the price change delay. 
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effect on certificate price= WITH LOOKUP (certificate inventory ratio,([(-1,0)-(250,3)],(-1,3),(0,0),(1,1),(1.1,0.9),(1.2,0.8),(1.3,0.7),(1.4,0.6 

),(1.5,0.5),(1.6,0.4),(1.7,0.3),(1.9,0.2),(2,0.1),(250,0.0001) )) 

Units: Dmnl 

Note: The effect regulating price change. When certificate inventory is greater than desired inventory, the inventory ratio is greater than 1 and the price 

must be reduced. When the inventory ratio is less than 1, the price must be increased. 

 

Initial gov RET subsidy=3000 

Units: $ [0,30000] 

 

initial percentage STP=17.8 

Units: credit/Year [0,100,5] 

Note: The liable entities are liable to surrender small-scale technology certificates to avoid charges. The liable entities are required to calculate how many 

certificates they need to surrender (both from large- and small-scale technologies) in each quarter. Modelling how liable entities calculating their required 

surrender certificate is beyond the scope of this model, but can be found in http://www.cleanenergyregulator.gov.au/RET/Scheme-participants-and-

industry/Renewable-Energy-Target-liable-entities/Calculating-certificate-liability#small-scale-technology-certificate-liability. This variable represents 

how much percentage the government requires the liable entities to source their electricity from renewable resources, ranging from 0-100%. The current 

17.08% is the current percentage requires in 2018. 

 

normalize certificate price =40 

Units: $/credit 

 

normalize government subsidy=3000 

Units: $ [3000,3000] 
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Policy Aspect=(0.5*bass income from STP credits)+(0.5*bass gov subsidy) 

Units: Dmnl 

 

price change delay=0.5 

Units: Year [0.02,1,0.02] 

 

STP cerdit supply=20+RAMP(1, 1, 50) 

Units: credit/Year [0,100,1] 

Note: Calculate in percentage form. The supply of STP from other small-scale RET owners is assumed to increase to reflect the increasing installation of 

small-scale RET systems in QLD. Reference:http://www.cleanenergyregulator.gov.au/RET/About-the-Renewable-Energy-Target/How-the-scheme-

works/Small-scale-Renewable-Energy-Scheme Modelling the supply side of STC is beyond the scope of this model. 

 

Technology Certificate Inventory Overall= INTEG (certificate registered-certificate purchase,desired certificate inventory) 

Units: credit 

Note: Inventory is the stock of certificates available in the overall market. I do not differentiate between primary market regulated by the Clean Energy 

Regulator, or secondary market involving financial institution, traders, agents and installers.  

Core model reference http://static.clexchange.org/ftp/documents/roadmaps/RM6/D-4388-2.pdf The inventory can go into deficit, and excess amount of 

certificate on the next can offset the deficit. 
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4. Environmental outcome 

 

 

Adopters= INTEG (adoption rate-end of use rate,0) 

 Units: hotel 

  

bass cumulative electricity emission hotel= WITH LOOKUP (Cumulative Electricity Emission Hotel/initial emission produced by the hotel sector 
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,([(1,0)-(442000,1)],(1,0),(442000,1) )) 

Units: Dmnl 

 

Cumulative Electricity Emission Hotel= INTEG (GHG increase rate,initial emission produced by the hotel sector) 

Units: hotel*kgCO2eq 

 

electricity of hotel from grid=(Total hotel population in Queensland-Adopters-GreenPower adopter)*hotel electricity consumption 

Units: kWh*hotel/Year [0,?] 

 

emission factor per kWh QLD=0.82 

Units: kgCO2eq/kWh [0.01,2] 

Note: Emission Factor (EF) for the purchased electrcity in Queensland is 0.82. Refeferece: https://coolaustralia.org/wp-

content/uploads/2013/12/Calculating-GHG-emissions.pdf 

 

GHG increase rate=emission factor per kWh QLD*electricity of hotel from grid 

Units: hotel*kgCO2eq/Year 

 

GreenPower adopter=Total hotel population in Queensland*share of hotels interest in GreenPower 

Units: hotel 

Note: Number of hotel use GreenPower 

 

hotel electricity consumption=Average electricity consumption per room*average room size 

Units: kWh/Year [0,?] 

Note: Average hotel electricity demand in kWh per year. 
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initial emission produced by the hotel sector=6602 

Units: hotel*kgCO2eq 

Note: In 2010, the tourism industry in Queensland produced 6.602Mt direct GHG emissions. This direct emissions consist of 

(1) Air travel to and from Queensland by visitors (e.g., Queensland’s share of emissions from 

Australian and non-Australian based airlines) 

(2) Queensland residents travel within Queensland prior to or following flights (e.g., for travel and 

hotel costs within Queensland preceding or following an interstate or international flight) 

(3) Queensland accommodation, tour and attraction operators 

(4) Private use of motor vehicles traveling to/from Queensland holiday destination 

Of these direct GHG emissions, 32% is from tourism industries, while the rest were related to aviation and motor. This research assumes 32% * 6.602 Mt 

as to be from hotel. We calculate that 1Mt = 1,000kg. Therefore, the initial value for cumulative electricity emission is 6.602*1000 = 6602 kgCO2eq 

 

Total hotel population in Queensland= INTEG (net hotel growth,1235) 

Units: hotel 

Note: In 2016, there are 1235 hotels in Queensland. Reference: Queensland Government (2018). Tourist accommodation: licensed hotels, motels, guest 

houses and serviced apartments (a)(b), Queensland, 2005–06 to 2015–16 (archived). Retrieved Date Accessed, 2018 from 

http://www.qgso.qld.gov.au/products/tables/tourism-accom-qld/index.php. 
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5. Grid NPV comparator 
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amount of certificate hotel sell per year=Capacity of RET system at hotel/kWh per certificate 

Units: credit/Year [0,?] 

average room size=5750 

Units: squaremetres [35,85] 

Note: Average room size is 57.50 m2. (35+40+70+85/4) This is number is calculated from COAG (2012) about the stock of hotel in Australia. – 1- to 2-

star hotel/motel rooms, 35m2 per room – 3-star hotel/motel rooms, 40m2 per room – 4-star hotel/motel rooms, 70m2 per room – 5-star hotel/motel rooms, 

85m2 per room. Reference. COAG. (2012). Baseline Energy Consumption and Greenhouse Gas Emissions in Commercial Buildings in Australia: Part 1 

Report. Council of Australian Government https://industry.gov.au/Energy/EnergyEfficiency/Non-residentialBuildings/Documents/CBBS-Part-1.pdf. 

This research assumes that on average, there is 100 rooms per hotel/motel with more than 5 rooms. 

 

bass comparator grid RET=IF THEN ELSE(npv RET cash flow>npv grid cash flow, 1, 0) 

Units: Dmnl 

 

Average electricity consumption per room= INTEG (increase electricity consumption-decrease electricity consumption, initial electricity consumption per room) 

Units: kWh/squaremetre/Year 

Note: Hotels and motels in the US use an average of 14 kilowatt-hours (kWh) of electricity and 49 cubic feet of natural gas per square foot (ft2) annually, 

according to the 2012 Commercial Building Energy Consumption Survey (CBECS). Most of the electricity these facilities consume is used for space 

cooling and lighting (figure 1); typically, space heating represents their largest use of natural gas. Hotel and motel energy use will vary depending on the 

types of amenities available. Reference: https://mge.bizenergyadvisor.com/article/hotels-and-motels. This research assumes that 1 squarefoot = 1 

squaremetres for simplicity. To be precise, 1 square foot = 0.092903 square metre. This research assumes average electricity consumption to be the 

maximum kWh consumption of electricity in 24h period in one room. In other words, if tourists turn on every electrical appliance in a room, the maximum 

electricity consumption is 14kWh. 

 

borrowing=new investment*debt financing fraction 
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Units: $/Year 

 

capacity installation value=RET capacity adjustment 

Units: kWh/Year/Year 

 

Capacity of RET system at hotel= INTEG (capacity installation value-RET degrading value-RET removal,hotel electricity consumption) 

Units: kWh/Year [0,?] 

 

Certificate Price= INTEG (change in certificate price,IF THEN ELSE(initial percentage STP>0, certificate trading price, 0)) 

Units: $/credit 

Note: The price of small-scale certificates can be traded at the Clearing house at the fixed price $40, or trading at a cheaper price in the open market. Thus, 

this model uses the initial value of certificate at $40. Currently, there are many certificates at the Clearing house untraded for 2 quarters since 2019. 

Reference: http://www.cleanenergyregulator.gov.au/OSR/REC/STC-clearing-house 

 

certificate selling value=Certificate Price*amount of certificate hotel sell per year 

Units: $/Year 

 

convert kWh to MWh=1000 

Units: 1 [0,1000] 

Note: 1 MWh = 1,000 kWh 

 

Cumulative Electricity Bill Hotel= INTEG (hotel electricity bill value,0) 

Units: $ 
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Cumulative Electricity Emission Hotel= INTEG (GHG increase rate,initial emission produced by the hotel sector) 

Units: hotel*kgCO2eq 

Note: In 2010, the tourism industry in Queensland produced 6.602Mt direct GHG emissions. These direct emissions consist of (1) Air travel to and from 

Queensland by visitors (e.g., Queensland’s share of emissions from Australian and non-Australian based airlines) (2) Queensland residents travel within 

Queensland prior to or following flights (e.g., for travel and hotel costs within Queensland preceding or following an interstate or international flight) (3) 

Queensland accommodation, tour and attraction operators (4) Private use of motor vehicles to get to/from Queensland holiday destination. Of these direct 

GHG emissions, 32% is from tourism industries, while the rest were related to aviation and motor. This research assumes 32% * 6.602 Mt as to be from 

hotel. We calculate that 1Mt = 1,000kg. Therefore, the initial value for cumulative electricity emission is 6.602*1000 = 6602 kgCO2eq. Reference: 

Tourism Queensland. (2010). The Carbon Footprint of the Queensland Tourism Industry. https://cdn-

teq.queensland.com/~/media/81bfdddcf04f409299547d46ea987aab.ashx?vs=1&d=20140512T080633 

 

Day feed into grid= INTEG (day feed into the grid,0) 

Units: day/Year 

 

day feed into the grid=IF THEN ELSE(certificate selling value>0, 1, 0) 

Units: day/Year/Year 

 

Debt= INTEG (borrowing-principal repayment,0) 

Units: $ 

 

debt financing fraction=0.6 

Units: Dmnl [0,1] 

Note: Percentage in decimal format of loan a hotel took out of the total project value, i.e., 60% of the total project value is from loan. 
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debt retirement time=3 

Units: Year [1,?] 

Note:Loan period in year. 

 

discount rate=0.12 

Units: 1/Year [0,1] 

Note: The discount rate is set at 12% to the investor (hotel). This research assumes the interest rate from the bank to be 12%, therefore, the discount rate 

is 12%. "The discount rate will be company-specific as it’s related to how the company gets its funds. It’s the rate of return that the investors expect or 

the cost of borrowing money. If shareholders expect a 12% return, that is the discount rate the company will use to calculate NPV. If the firm pays 4% 

interest on its debt, then it may use that figure as the discount rate. Typically, the CFO’s office sets the rate.". Reference: https://hbr.org/2014/11/a-

refresher-on-net-present-value 

 

electricity supply charge rate=1.276 

Units: $/day 

Note: The supply charge is a daily service charge to supply electricity to your business. This research assumes the supply charge is $1.276 per day (as per 

Energy Australia). Reference: https://www.energyaustralia.com.au/home/bills-and-accounts/understand-your-bill/bill-guides 

 

electricity usage charge by retail=from price a+RAMP(slope price a to b, start time, finish time) 

Units: $/kWh [0,?] 

Note: According to an interview with a hotel engineer (five-star hotel) and government website (see ref below), hotels normally use the single rate (one 

rate all the time). This means that the rate stays the same whatever time of day or year the hotel uses electricity.  

REF: https://www.energyaustralia.com.au/business/electricity-and-gas/small-business/small-business-tariffs This research ignores the assumption that the 

number of grid customers may influence the price of electricity. This research assumes that the price of electricity will increase over time due to increasing 

operational cost and decreasing grid customers.  
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According to reference: https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Demand-Forecasts/NEFR/2016/Retail-

electricity-price-history-and-projections.pdf), the previous and projected retail electricity price for commercial in Queensland is between 0.45-1.25 

C/kWh. 

 

finish time=50 

Units: Year [20,50] 

 

from price a=0.45 

Units: $/kWh [0,0.45] 

Note: Reference https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Demand-Forecasts/NEFR/2016/Retail-electricity-

price-history-and-projections.pdf 

 

government decision to continue policies=(0.25*bass cumulative electricity emission hotel)+(0.25*"bass investment on R&D normalize")+(0.25*bass tourist 

willingness to choose RET hotel)+(0.25*"0 = pressure from lobbyist to remove RET incentive, 1 = no pressure) 

Units: Dmnl [0,1] 

Note: This variable represents government’s decision to continue the STP program and RET subsidies. Government's decision to continue the RET 

incentive policy, based on the research interviews and STP website, depends on: (1) The lobby group = 0, or no lobby against RET incentive policy (2) 

GHG emissions from electricity is higher than the current amount of GHG produced from the QLD tourism sector 6.602Mt (3) Tourists are 50% willing 

to support hotels with RET (4) Investment in RET is increasing. This research assumes equal weights given to each aspect. 

 

grid annual electricity supply charge= INTEG (grid electricity supply charge rate,0) 

Units: $ 

 

grid day electricity usage=365 
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Units: day/Year [365,365] 

 

grid electricity supply charge rate=electricity supply charge rate*grid day electricity usage 

Units: $/Year 

 

hotel electricity bill value=electricity usage charge by retail*hotel electricity consumption 

Units: $/Year 

 

hotel electricity consumption=Average electricity consumption per room*average room size 

Units: kWh/Year [0,?] 

Note: Average hotel electricity demand in kWh per year. 

 

inflation rate=0.018 

Units: 1/Year [0,1] 

Note: Inflation rate report in decimal format. Assume 1.8% 

 

Initial gov RET subsidy=3000 

Units: $ [0,30000] 

 

interest payments=Debt*interest rate 

Units: $/Year 

Note: The dollar amount of interest of the total principal. 

 

interest rate=0.12 
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Units: 1/Year [0,?] 

Note: Percentage report in decimal of interest rate charged by the bank. 

 

kWh per certificate=1000 

Units: kWh/credit 

Note: "As a guide, one certificate is equal to one megawatt hour of eligible renewable electricity either generated or displaced by the system." Reference: 

http://www.cleanenergyregulator.gov.au/RET/Scheme-participants-and-industry/Agents-and-installers/Small-scale-technology-certificates It is 

calculated that 1 MWh is equal to 1,000 kWh. Reference: https://www.cleanenergyauthority.com/solar-energy-resources/what-is-a-megawatt-and-a-

megawatt-hour 

 

max inroom electricity consumption per room=REINITIAL( 20) 

Units: kWh/squaremetre/Year 

 

net Grid cash flow=0-hotel electricity bill value-opportunity cost value Grid-grid electricity supply charge rate 

Units: $/Year 

 

net RET cash flow=IF THEN ELSE(Time=0,(received government RET subsidy*"UC 1/year 0")+ borrowing+certificate selling value+savings value-interest 

payments-"O&M value"-opportunity cost value RET-principal repayment, borrowing+certificate selling value+savings value-interest payments-"O&M value"-

opportunity cost value RET-principal repayment-RET electricity supply charge rate) 

Units: $/Year 

 

new investment=IF THEN ELSE(Capacity of RET system at hotel>=hotel electricity consumption,ABS( (required RET investment$-received government RET 

subsidy)/RET installation time),0) 

Units: $/Year 
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Note: When Capacity of RET system at hotel=hotel electricity consumption, this means that the hotel just purchases RET system, and therefore requires 

fund. 

 

npv grid cash flow=SIMULTANEOUS(NPV(net Grid cash flow, discount rate, 0, 1),1) 

Units: $ 

 

npv RET cash flow=NPV(net RET cash flow, discount rate, 0, 1) 

Units: $ 

 

"O&M value"=(required RET investment$*"operation & maintenance rate")*inflation rate 

Units: $/Year 

Note: The inflated operation and maintenance cost of RET system, up until the end of RET lifetime. 

 

"operation & maintenance rate"=0.02 

Units: Dmnl [0,1] 

Note: Percentage in decimal of the operation & maintenance cost. 

 

"Opportunity & Maintenance Cost"= INTEG ("O&M value",0) 

Units: $ 

 

Opportunity cost Grid= INTEG (opportunity cost value Grid,0) 

Units: $ 
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Note: This research assumes that by staying on the grid, the hotel would lose the opportunity to generate income through RET including savings from 

electricity expense, benefits through government RET rebate, income from selling certificate. Opportunity cost from benefits through RET marketing is 

not included in this model because marketing benefit was not measured of dollar values. 

 

opportunity cost rate=interest rate 

Units: 1/Year [0,?] 

Note: Assume opportunity cost equals to interest rate (per $1 that use own capital investment). 

 

Opportunity Cost RET= INTEG (opportunity cost value RET,0) 

Units: $ 

 

opportunity cost value Grid=(received government RET subsidy+Possible accum income From Selling SRES Certificate+Cumulative Electricity Bill Hotel+grid 

annual electricity supply charge)*opportunity cost rate 

Units: $/Year 

 

opportunity cost value RET=((required RET investment$-received government RET subsidy)*own capital financing fraction)*opportunity cost rate 

Units: $/Year 

 

own capital financing fraction=1-debt financing fraction 

Units: Dmnl [0,1] 

Note: Percentage in decimal format of owned capital investment. 

 

Possible accum income From Selling SRES Certificate= INTEG (certificate selling value,0) 

Units: $ 
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principal repayment=Debt/debt retirement time 

Units: $/Year 

Note: Dollar amount of principal repayment per year. 

 

received government RET subsidy=IF THEN ELSE(required RET investment$>=Initial gov RET subsidy :AND:required RET investment$>0, Initial gov RET 

subsidy, required RET investment$) 

Units: $ [0,?] 

Note: Financial aid from the government to fund RET project. Government's decision to continue the program, based on the research interviews and STP 

website, depends on: (1) lobbying group; (2) party's direction; (3) overall Australia's GHG emission when comparing against the national target GHG 

emission; and, (4) positive response from tourists by selecting hotels with RET. The model assumes that if the accumulation of electricity emissions is 

higher than 6.602Mt, the government will continue its RET subsidy. 

 

required RET investment$= hotel electricity consumption*Technology Price*"UC year/1" 

Units: $ [0,?] 

Note: The total cost of RET system. 

 

RET annual electricity supply charge= INTEG (RET electricity supply charge rate,0) 

Units: $ 

 

RET capacity adjustment=IF THEN ELSE(Capacity of RET system at hotel<=hotel electricity consumption*0.2,(hotel electricity consumption*1.1)/RET 

installation time, 0) 

Units: kWh/Year/Year 

Note: Assume that hotels would install RET system that can supply the electricity 10% more than the peak electricity demand. Assume that when the 

capacity of the installed RET system at hotel can supply less than 20% of its electricity consumption, the hotel will install a new system. 
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RET degrading value=IF THEN ELSE(Capacity of RET system at hotel>hotel electricity consumption*0.2, Capacity of RET system at hotel/technology life 

time, 0) 

Units: kWh/Year/Year 

 

RET electricity supply charge rate=Day feed into grid*electricity supply charge rate 

Units: $/Year 

Note: This research assumes the hotels pay the electricity supply charge rate only on the day that hotel feed in certificate into the grid. 

 

RET installation time=1 

Units: Year [0.25,?] 

Note: Number of months required to install NPV system. 0.25 = 3 months, 1 = 1 year counting from consultation to initial installation and first working 

day. 

 

RET removal=IF THEN ELSE(Capacity of RET system at hotel<=hotel electricity consumption*0.2, Capacity of RET system at hotel*RET removal fraction, 0) 

Units: kWh/Year/Year 

 

RET removal fraction=1 

Units: 1/Year [0,1] 

Note: On average, RET degrade at 1.1-1.5% per 10kWh/m2. Reference. The National Renewable Energy Laboratory (2019), Photovoltaic Lifetime Project. 

https://www.nrel.gov/pv/lifetime.html 

 

Savings From Self Generation= INTEG (savings value,1000) 

Units: $ 
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savings value=electricity usage charge by retail*Capacity of RET system at hotel 

Units: $/Year 

 

slope price a to b=(from price a-to price b)/(start time-finish time) 

Units: $/(Year*kWh) 

 

start time=1 

Units: Year [1,1] 

 

technology life time=30*performance improvement 

Units: Year [1,30] 

 

Technology Price= INTEG (change in technology price,initial RET price) 

Units: $/kWh 

 

to price b=1.25 

Units: $/kWh [0.46,1.4] 

Note: Project max retail price for commercial. The max price is at 2037. Reference: Parisot, L., & Nidras, P. (2016). Retail electricity price history and 

projections - Public. Australian Energy Market Operator: https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Demand-

Forecasts/NEFR/2016/Retail-electricity-price-history-and-projections.pdf  
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6. Hotelier model 
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bass comparator grid RET=IF THEN ELSE(npv RET cash flow>npv grid cash flow, 1, 0) 

 Units: Dmnl 

  

bass hotelier believes in engineer= WITH LOOKUP (Hotelier beliefs in engineer recommendation, ([(0,0)-(100,10)],(0,0),(100,1) )) 

Units: Dmnl [0,1] 

Note: 1 = hoteliers perceive positively of their in-house engineers when they recommend adopting RET. This research assumes that only when the hotelier 

fully perceives their in-house engineer’s recommendation to adopt RET, this perception will somewhat influence hoteliers to consider adopting RET. 

 

bass hotelier perceive marketing benefits= WITH LOOKUP (Hotelier belief RET to have marketing benefits, ([(0,0)-(100,10)],(0,0),(100,1) )) 

Units: Dmnl 

Note: 1 = hoteliers perceive positively that RET has a marketing benefit. This research assumes that only when the hotelier perceives positively that RET 

has a marketing benefit, such perception may somewhat influence RET adoption. 

 

bass hotelier perceive other green finance= WITH LOOKUP (Hotelier perception other green finance benefit, ([(0,0)-(100,10)],(0,0),(100,1) )) 

Units: Dmnl [0,1] 

Note: 1 = hoteliers perceive positively that other green methods have financial benefits This research assumes that only when the hotelier perceives 

positively that other green methods have financial benefits, such perception will somewhat influence hotel to consider adopting RET. 

 

carrying capacity normal tourist willing to choose hotel with RET=20 

Units: percent 

Note: According to Dalton et al (2007), 50% of tourists in Australia are willing to stay at hotels with RET, and 49% are willing to pay extra for hotels 

with RET. REF: Dalton, G. J., Lockington, D. A., & Baldock, T. E. (2008). A survey of tourist attitudes to renewable energy supply in Australian hotel 

accommodation. Renewable Energy, 33(10), pp. 2174-2185. 
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effect of tourist willingness to choose RET hotel on hotelier belief in marketing benefit= WITH LOOKUP (Tourist willingness to choose RET hotel/initial tourist 

willing to choose RET hotel,([(1,0)-(4,1)],(1,0),(1.72477,0.258772),(2.63303,0.429825),(3.17431,0.807018),(4,1) )) 

Units: Dmnl 

Note: According to stakeholder interviews and workshop, hoteliers will perceive that RET has a marketing benefit as more tourists become more willing 

to choose hotels with RET. How hotels acquire knowledge about tourist willingness is beyond the scope of this model. 

 

Goal hotelier belief in engineering recommendation=100 

Units: percent 

Note: We assumes that hoteliers need to perceive their engineers positively, when they recommend investing in RET, 100% for the hotel to consider 

investing in RET. 

 

goal hotelier belief RET marketing benefit=100 

Units: percent [1,100] 

Note: We assume that hoteliers need to perceive that RET has a marketing benefits 100% for the hotel to consider investing in RET. 

 

goal hotelier perception other green finance benefit=100 

Units: percent 

 Note: We assume that hoteliers need to perceive that other green methods have financial benefits 100% for the hotel to consider investing in RET.  

 

Hotelier aspect=(0.2*bass hotelier believes in engineer)+(0.31*bass comparator grid RET)+(0.31*bass hotelier perceive other green finance)+(0.13*bass hotelier 

perceive marketing benefits) 

Units: Dmnl 

Note: Hotelier perception about RET (according to the CLD) is influenced by 1. Engineer's recommendation; 2. RET is cheaper than grid; 3. Flow on 

perception when seeing savings from other green practice; 4. RET has marketing benefits. Green power is not included in this "Hotel Aspect"' because 
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this research has already deducted the proportion of total hotels out to purchase GreenPower. Weights were calculated based on MICMAC results, method 

as found in Suprun et al (2018) An Integrated Participatory Systems Modelling Approach: Application to Construction Innovation, Systems, 6(3), 33;  

https://doi.org/10.3390/systems6030033 

 

Hotelier believes RET to have marketing benefits= INTEG (updating hotelier belief RET marketing benefit,10) 

Units: percent [0,?] 

Note: Hotelier's perception about the benefit of RET on their hotel marketing through brand image. Hotelier's perception lags the actual customer 

perception due to delays in measuring and reporting, due to the time it takes managers to update their perception about the benefits of RET on their brand 

image. This variable is measured by how many in-house guests increase after the hotel launches their marketing that they have installed RET. 

 

Hotelier believes in engineer recommendation= INTEG (updating hotelier's belief in engineer’s recommendation, initial hotelier believes in engineer’s 

recommendation) 

Units: percent 

Note: This variable measures how much the hotelier, who makes decision about RET adoption, positively perceives the engineer’s recommendation. The 

variable was added in by engineer at the hotel (as per personal communication). The variable indicates a personal relationship between the engineer and 

hotelier, engineer work experience, their success in implementing previous projects. 

 

Hotelier perception other green finance benefit= INTEG (updating hotelier perception other green finance benefit, initial hotelier perception other green finance 

benefit) 

Units: percent 

 

increase tourist willing to choose hotel with RET=(max tourist willingness to choose RET hotel-Tourist willingness to choose RET hotel)/time take tourists to 

change behaviour*effect of hotel with RET on tourist willingness to choose RET hotel 

Units: percent/Year 
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initial hotelier beliefs in engineer recommendation=10 

Units: percent [1,100,5] 

 

initial hotelier perception other green finance benefit=10 

Units: percent [1,100,5] 

Note: This research assumes that hotels have other sustainable practices in place prior to deciding about RET and that these practices are profitable. 

 

initial tourist willing to choose RET hotel=30 

Units: percent [0,100] 

 

time for hotelier to adjust belief RET marketing benefit=4 

Units: Year [0.083,10] 

 

time for hotelier to adjust perception other green finance benefit=2 

Units: Year [0.083,10] 

 

time for hotelier to believe in engineer recommendation=1 

Units: Year [1,10,1] 

Note: It is assumed that every year an engineer continues working at the hotel, the more the hotelier positively perceives the engineer because their work 

relationships grow (assume positive work relationship). 

 

Tourist willingness to choose RET hotel= INTEG (increase tourist willing to choose hotel with RET+increase tourist willing to choose RET hotel because of 

technology, initial tourist willing to choose RET hotel) 

Units: percent 
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updating hotelier belief RET marketing benefit=(goal hotelier belief RET marketing benefit-Hotelier belief RET to have marketing benefits)/time for hotelier to 

adjust belief RET marketing benefit*effect of tourist willingness to choose RET hotel on hotelier belief in marketing benefit 

Units: percentage/Year 

 

updating hotelier perception other green finance benefit=(goal hotelier perception other green finance benefit-Hotelier perception other green finance benefit)/time 

for hotelier to adjust perception other green finance benefit 

Units: percentage/Year 

 

updating hotelier's belief in engineer recommendation=(Goal hotelier belief in engineering recommendation-Hotelier beliefs in engineer recommendation)/time 

for hotelier to believe in engineer recommendation 

Units: percentage/Year
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7. Tourist model 
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Adopters= INTEG (adoption rate-end of use rate,0) 

 Units: hotel 

  

Average electricity consumption per room= INTEG (increase electricity consumption-decrease electricity consumption, initial electricity consumption per room) 

Units: kWh/squaremetre/Year 

Note: Hotels and motels in the US use an average of 14 kilowatt-hours (kWh) of electricity and 49 cubic feet of natural gas per square foot (ft2) annually, 

according to the 2012 Commercial Building Energy Consumption Survey (CBECS). Most of the electricity these facilities consume is used for space 

cooling and lighting (figure 1); typically, space heating represents their largest use of natural gas. Hotel and motel energy use will vary depending on the 

types of amenities available. Reference: https://mge.bizenergyadvisor.com/article/hotels-and-motels. This research assumes that 1 squarefoot = 1 

squaremetres for simplicity. To be precise, 1 square foot = 0.092903 square metre. This research assumes average electricity consumption to be the 

maximum kWh consumption of electricity in 24h period in one room. In other words, if tourists turn on every electrical appliance in a room, the maximum 

electricity consumption is 14kWh. 

 

average temperature change per RCP=1 

Units: celsius [1,1] 

Note: This research assumes 1C as the starting point for temperature change, according to RPC graph at 2020. 

https://www.climatechangeinaustralia.gov.au/en/climate-projections/explore-data/time-series-explorer/ 

 

"bass tourist in-room electricity consumption behaviour"= WITH LOOKUP (Average electricity consumption per room,([(0,0)-(20,10)],(0,0),(10,0.1),(20,1) )) 

Units: Dmnl 

 

bass tourist williness to choose RET hotel= WITH LOOKUP (Tourist willingness to choose RET hotel,([(0,0)-(100,1)],(0,0),(100,1) )) 

Units: Dmnl 
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carrying capacity normal hotel to generate awareness=10 

Units: hotel [0,?] 

 Note: This variable represents the normal number of hotels with RET in Queensland. This variable does NOT represent maximum carrying capacity. 

 

carrying capacity normal techno performance=0.45 

Units: Dmnl 

Note: This research assumes that the technology performance is at 0.45 (calculate using the ration of knowledge). 

 

decrease electricity consumption=(Average electricity consumption per room-min inroom electricity consumption)/time take tourists to change behaviour*"effect 

of hotel with RET on tourist in-room electricity consumption"*percentage of green tourist in hotel 

Units: kWh/(Year*Year*squaremetre) 

Note: This research assumes that only 15% of tourists will care for the environment and reduce in-room electricity consumption. 

 

"effect of hotel with RET on tourist in-room electricity consumption"= WITH LOOKUP(Adopters/carrying capacity normal hotel to generate awareness,([(-1,0)-

(200,1)],(-1,0),(0,0),(48.9297,0.184211),(76.4526,0.399123),(108.868,0.491228),(134.557,0.75),(162.08,0.929825),(200,1) )) 

Units: Dmnl 

 

effect of hotel with RET on tourist willingness to choose RET hotel= WITH LOOKUP(Adopters/carrying capacity normal hotel to generate awareness,([(0,0)-

(200,1)],(0,0),(61.7737,0.210526),(100,0.5),(140.061,0.828947),(200,1) )) 

Units: Dmnl 

Note: According to the stakeholder engagement workshop, the more hotels adopt RET, the more tourists will become aware of environmental issues. In 

turn, tourists will be more inclined to choose hotels with RET. 
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effect of improve techno on tourist willingness to choose hotel with RET= WITH LOOKUP(performance improvement/carrying capacity normal techno 

performance,([(1,0)-(2000,1)],(1,0),(593.976,0.236842),(1009.67,0.491228),(1315.33,0.77193),(2000,1) )) 

Units: Dmnl 

 

"effect of temperature change on A/C use"= WITH LOOKUP (RCP temperature change/average temperature change per RCP,([(0,0)-

(3,3)],(0,0),(1,1),(2,2),(3,3))) 

Units: Dmnl 

 

friction=(Tourist willingness to choose RET hotel/100) 

Units: Dmnl 

Note: Percentage of tourists willing to choose hotels with RET equates tourists who become willing to use less electricity in-room. 

 

friction of tourist who are willing to choose RET hotel and consume less electricity=2 

Units: Dmnl [1,5] 

 

increase electricity consumption=(max inroom electricity consumption per room-Average electricity consumption per room)/time take to adjust to temperature 

change*"effect of temperature change on A/C use"*(1-percentage of green tourist in hotel) 

Units: kWh/(Year*Year*squaremetre) 

 

increase tourist willing to choose hotel with RET=(max tourist willingness to choose RET hotel-Tourist willingness to choose RET hotel)/time take tourists to 

change behaviour*effect of hotel with RET on tourist willingness to choose RET hotel 

Units: percent/Year 
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increase tourist willing to choose RET hotel because of technology=(max tourist willingness to choose RET hotel-Tourist willingness to choose RET hotel)/time 

take tourists to change behaviour*effect of improve techno on tourist willingness to choose hotel with RET 

Units: percent/Year 

Note: According to the stakeholder engagement workshop, as technology improves, the electricity produced from RET will become more reliable, thus 

tourists will be more willing to stay at the hotel with RET over time. 

 

initial tourist willing to choose RET hotel=30 

Units: percent [0,100] 

 

intial electricity consumption per room=14 

Units: kWh/(Year*squaremetre) [10,20,1] 

Note: This research assumes max kWh all electricity appliances in a room can produce is 20 kWh. Average in-room electricity consumption is 14 kWh 

(Reference: Madison Gas and Electric 2020). Hotels and Motels. https://mge.bizenergyadvisor.com/article/hotels-and-motels. According to the research, 

when a heatwave is four days and longer, people tend to increase their electricity consumption (Reference: Australian Energy Council (2020),  Heatwaves 

and Electricity Supply, https://www.energynetworks.com.au/resources/fact-sheets/heatwaves-and-energy-supply-explained/). This research assumes that 

if a heatwave occurs longer than four days, tourists will use maximum electricity. If heatwave is less than three days, they will consume an average 

amount. This research ignores the possibility that not all tourists stay in a hotel four days and longer. 

 

max inroom electricity consumption per room=REINITIAL( 20) 

Units: kWh/squaremetre/Year 

 

max tourist willingness to choose RET hotel=100 

Units: percent [1,100] 
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Note: This research assumes willingness to select a hotel is measured in a percentage format. 100% represents tourists are fully willing to select a hotel 

with RET. 

 

min inroom electricity consumption=10 

Units: kWh/squaremetre/Year [10,14] 

Note: This research assumes that even if some tourists may reduce their energy consumption, there is still some electricity consumption due to unavoidable 

activities including switching on lights at night-time. This research assumes this minimal consumption at 10 kWh/m2/Yr. 

 

percentage of green tourist in hotel=friction/friction of tourist who are willing to choose RET hotel and consume less electricity 

Units: Dmnl 

Note: These tourists are aware about environmental issues. This research assumes that these green tourists will decrease their electricity consumption over 

time, even during a heatwave period. 

 

performance improvement=(Stock of knowledge^sensitivity of performance per cummulative knowledge)*contribution share of knowledge accumulation in 

performance improvement 

Units: Dmnl 

 

RCP temperature change=1 

Units: celsius [1,3,0.5] 

Note: According to RCP projection from 2020-2060, the annual temperature for Eastern Australia (data specific for Queensland is not available) will 

increase from +1 to +3. -This research does not include the detailed differences annually. -Max change for RCP 8.5 is 3C, max change for RCP 4.5 is 2C. 

This research allows this constant to change up to 3C. REF: https://www.climatechangeinaustralia.gov.au/en/climate-projections/explore-data/time-series-

explorer/ Region: Eastern Australia Variable: Temperature Season: Annual Emission Scenario RCP 4.5 or 8.5 Model Access1-0 
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time take to adjust to temperature change=5 

Units: Year [1,10] 

 

time take tourists to change behaviour=5 

Units: Year 

Note: This research assumes tourists will take 10 years to: 1) consume less electricity because of their increased awareness of environmental issues; 2) 

are willing to stay at hotels with RET because of their increased awareness of environmental issues. 

 

Tourist Aspect=(0.31*"bass tourist in-room electricity consumption behaviour")+(0.69*bass tourist williness to choose RET hotel) 

Units: Dmnl 

Note: Weights are calculated as per MICMAC results. This method has been implemented in Suprun et al (2018) https://doi.org/10.3390/systems6030033 

 

Tourist willingness to choose RET hotel= INTEG (increase tourist willing to choose hotel with RET+increase tourist willing to choose RET hotel because of 

technology, initial tourist willing to choose RET hotel) 

Units: percent
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Appendix J Ethical clearance of this research 

Stage 1: Variables related to renewable energy technology adoption in the hotel sector 

 

 

The Effect of Renewable Energy Technology Deployment  

by the Hotel Sector 

 

COVERSHEET 

 

Who is conducting    Prof Susanne Becken (Senior investigator) 

the research    Professor of Sustainable Tourism, Griffith University 

(07) 5552 8827 

s.becken@griffith.edu.au 

 

     Dr.Oz Sahin (Senior investigator) 

     Research Fellow, Griffith School of Engineering 

     (07) 5552 8065 

     o.sahin@griffith.edu.au 

 

Ms.NiNa Dhirasassna (Research team member) 

Research student, Griffith Business School 

(07) 3735 3948 

nina.dhirasasna@griffithuni.edu.au 

 

Why is the research being conducted? 

This research is being conducted to gain a better understanding of the current and past 

opportunities and barriers for a hotel to deploy renewable energy technology. The research will 

also explore the consequences of hotel’s renewable energy technology deployment decision on 

its stakeholders. This research is a part of a Doctor of Philosophy requirement from Griffith 

University.  

 

What you will be asked to do? 

You are asked to complete a questionnaire. This will take you approximately 20-25 minutes. 

 

You are asked specifically to:  

• select variables that are relevant to RET deployment in the hotel sector; and/or 

• add variables that they believe are important but missing from this list; and/or  
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• delete variables that are perceived irrelevant to this topic.  

• rank the relationship between these variables.  

 

The basis by which participants will be selected or screened 

• You are 18 years old and above.  

• You are a scholar in a university who have a research background in the tourism and/or 

engineering industries, and/or 

• You work in any type of tourist accommodations at the management position, and/or 

• You own a hotel, and/or 

• You work for an Australian Government in a department or agency that relates to the 

energy and/or tourism industries.  

 

The expected benefits of the research 

This research will contribute to a better investment strategy of a hotel in renewable energy 

technology that balance environmental, social and economic risks and benefits. 

 

This research will contribute to a better understanding of the current and past opportunities and 

barriers for a hotel to deploy renewable energy technology. In particular, the research addresses 

the consequence of hotel decision to deploy such technology. The findings will inform 

suggestions to improve hotel investment decisions in renewable energy technology that balance 

environmental, social and economic risks and benefits. 

 

Risks to you 

There are no foreseeable risks associated with participation in this research.  

 

Your confidentiality 

Your response to the questionnaire will be removed from your email address and will be stored 

for analysis in a de-identified format.  

 

The completed questionnaires will be stored in a researcher’s computer at Griffith University, and 

will be permanently deleted after 5 years. Only research team members have access to these 

questionnaires. Note that the results will be reported in a PhD thesis and may also be published 

as a journal article or presented at an academic conference. Your identity will not be identifiable 

in anyway. 

 

The conduct of this research involves the collection, access and/ or use of your identified 

personal information. The information collected is confidential and will not be disclosed to 

third parties without your consent, except to meet government, legal or other regulatory 

authority requirements.   A de-identified copy of this data may be used for other research 

purposes.   However, your anonymity will at all times be safeguarded.   For further information 
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consult the University’s Privacy Plan at http://www.griffith.edu.au/about-griffith/plans-

publications/griffith-university-privacy-plan or telephone (07) 3735 4375. 

 

Your participation is voluntary 

Your participation is voluntary. You do not need to answer every question unless you wish to 

do so. You can withdraw from the study at any time before the research result is being published 

as a thesis.  

 

Mechanism for distribution and return 

You are selected because you are an expert and knowledgeable in the field of energy and/or 

the tourism industries. Once you have completed the survey, please email back to the 

researcher. 

 

Questions / further information / research result 

You can contact the members of the research team for additional information about the project, 

or to obtain the research result. Please see above for contact details.  

 

The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on Ethical 

Conduct in Human Research (2007). If you have any concerns or complaints about the ethical 

conduct of the research project you should contact the Manager, Research Ethics on 3735 4375 

or research-ethics@griffith.edu.au. 

 

The Griffith University ethics reference number <to be inserted>.  

 

Expressing consent – anonymous or de-identified information 

If you complete and return the questionnaire, you will be deemed to have consented to your 

participation in this research.  

  

mailto:research-ethics@griffith.edu.au
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The Effect of Renewable Energy Technology Deployment 

by the Hotel Sector 

CONSENT FORM 

 

 

Research Team    Prof Susanne Becken (Senior investigator) 

     Professor of Sustainable Tourism, Griffith University 

(07) 5552 8827 

s.becken@griffith.edu.au 

 

     Dr.Oz Sahin (Senior investigator) 

     Research Fellow, Griffith School of Engineering 

     (07) 5552 8065 

     o.sahin@griffith.edu.au 

 

Ms.NiNa Dhirasassna (Research team member) 

Research student, Griffith Business School 

(07) 3735 3948 

nina.dhirasasna@griffithuni.edu.au 

 

By signing below, I confirm that I have read and understood the information package and in 

particular have noted that: 

 

• I understand that my involvement in this research will include (include a short 

summary of what their participation will involve – eg the completion of a set of four 

cognitive tests, on a weekly basis, for three weeks); 

 

• I have had any questions answered to my satisfaction; 

 

• I understand the risks involved; 
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• I understand that there will be no direct benefit to me from my participation in this 

research (this may need to be modified for some projects); 

 

• I understand that my participation in this research is voluntary (depending upon the 

circumstances, there might also be a reference to their decision in no way impacting 

upon the service they receive from X or their grades); 

 

• I understand that if I have any additional questions I can contact the research team; 

 

• I understand that I am free to withdraw at any time, without explanation or penalty; 

 

• I understand that I can contact the Manager, Research Ethics, at Griffith University 

Human Research Ethics Committee on 3735 4375 (or research-

ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the project; 

and 

 

• I agree to participate in the project. 

 

 I agree to participate in the project. 

 

 I agree to inclusion of my personal information in publications or reporting of the results 

from this research. 

 

 

Name 
 

 

Signature 
 

 

Date 
 

 

  

mailto:research-ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
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Stage 2: Drawing mind map related to renewable energy technology adoption in the hotel 

sector 

 

 

The Effect of Renewable Energy Technology Deployment  

by the Tourist Accommodation Sector 

 

COVERSHEET 

 

Who is conducting    Professor Susanne Becken (Senior investigator) 

the research    Professor of Sustainable Tourism, Griffith University 

(07) 5552 8827 

s.becken@griffith.edu.au 

 

     Dr.Oz Sahin (Senior investigator) 

     Research Fellow, Griffith School of Engineering 

     (07) 5552 8065 

     o.sahin@griffith.edu.au 

 

Ms.NiNa Dhirasasna (Research team member) 

Research student, Griffith Business School 

(07) 3735 3948 

nina.dhirasasna@griffithuni.edu.au 

 

Why is the research being conducted? 

This research is being conducted to gain a better understanding of the opportunities and barriers 

for a tourist accommodation to deploy renewable energy technology. The research will also 

explore the consequences of tourist accommodation’s renewable energy technology 

deployment decision on its stakeholders.  

 

What you will be asked to do? 

Please view the mind map we have created about the system of renewable energy technology 

and the tourist accommodation industry. You can adjust this map to coincide your opinion 

about this system. This meeting takes approximately 60 minutes. 

 

The basis by which participants will be selected or screened 

• You are 18 years old and above.  

• You are a scholar in a university who have a research background in the tourism and/or 

engineering industries, and/or  



STAKEHOLDER ENGAGEMENT WORKSHOP 

The Development of an Integrated Systems Model of the 

Effect of Renewable Energy Technology Deployment in 

the Tourist Accommodation Sector 

 

303 

 

• You work in any type of tourist accommodations in the management, and/or 

• You own a tourist accommodation, and/or 

• You work for an Australian Government in a department or agency that relates to the 

energy and/or tourism industries. 

 

The expected benefits of the research 

This research aims to develop a better investment strategy of a tourist accommodation in 

renewable energy technology that balance environmental, social and economic risks and 

benefits. 

 

This research will contribute to a better understanding of the opportunities and barriers for a 

hotel to deploy renewable energy technology. In particular, the research addresses the 

consequence of tourist accommodation decision to deploy such technology. The findings will 

inform suggestions to improve hotel investment decisions in renewable energy technology that 

balance environmental, social and economic risks and benefits. 

 

Risks to you 

There are no foreseeable risks associated with participation in this research. 

 

Your confidentiality 

Your response to the map will be stored for analysis in a de-identified format.  

 

The completed map will be stored in a researcher’s computer at Griffith University, and will 

be permanently deleted after 5 years. Only research team members have access to these 

questionnaires. Note that the results will be reported in a PhD thesis and may also be published 

as a journal article or presented at an academic conference. Your identity will not be identifiable 

in anyway. 

The conduct of this research involves the collection, access and/ or use of your identified 

personal information. The information collected is confidential and will not be disclosed to 

third parties without your consent, except to meet government, legal or other regulatory 

authority requirements.   A de-identified copy of this data may be used for other research 

purposes.   However, your anonymity will at all times be safeguarded.   

For further information consult the University’s Privacy Plan at 

http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan 

or telephone (07) 3735 4375. 
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Your participation is voluntary 

Your participation is voluntary. You do not need to answer every question unless you wish to 

do so. You can withdraw from the study at any time before the research result is being published 

as a thesis. 

 

Questions / further information / research result 

You can contact the members of the research team for additional information about the project, 

or to obtain the research result. Please see above for contact details.  

 

The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on Ethical 

Conduct in Human Research (2007).  

If you have any concerns or complaints about the ethical conduct of the research project you 

should contact the Manager, Research Ethics on 3735 4375 or research-ethics@griffith.edu.au. 

 

The Griffith University ethics reference number 2017/320.  

 

Expressing consent – anonymous or de-identified information 

If you complete and return the questionnaire, you will be deemed to have consented to your 

participation in this research.   
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Stage 3: Reviewing mind map related to renewable energy technology adoption in the 

hotel sector 

 

 

The Effect of Renewable Energy Technology Deployment in the 
Hotel Sector 

 
CONSENT FORM  

(Participant’s copy-Do not sign) 
 

Research Team  Prof. Susanne Becken (Senior investigator)  
 Professor of Sustainable Tourism, Griffith University 
 (07) 5552 8827 
 s.becken@griffith.edu.au 
         
 Dr.Oz Sahin (Senior investigator)    
 Senior Research Fellow, Griffith School of Engineering 
 (07) 5552 8065 
 o.sahin@griffith.edu.au 
         
 Ms.NiNa Dhirasasna (Research team member)  
 Research student, Griffith Business School 
 (07) 3735 3948 
 nina.dhirasasna@griffithuni.edu.au 
 

 
By signing below, I confirm that I have read and understood the information package 

and in particular: 

 

• I understand that my involvement in this research will include viewing and 
commenting on a model so that it will match with your and other participants’ 
opinions; 

• I understand that the research may include audio recording of my participation; 
 

 

• I understand the risks involved; 
 

• I understand that there will be no direct benefit to me from my participation in this 
research (this may need to be modified for some projects); 

 

• I understand that my participation in this research is voluntary; 
 

• I understand that if I have any additional questions I can contact the research team; 
 

• I understand that I am free to withdraw at any time, without explanation or penalty; 
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• I understand that I am NOT identified or identifiable in publications or presentations 
resulting from this research; 
 

OR 

 

• I understand that my name and other personal information that could identify me 
will be removed or de-identified in publications or presentations resulting from this 
research; 

 

• I understand that I can contact the Manager, Research Ethics, at Griffith University 
Human Research Ethics Committee on 3735 4375 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; 
 

• I have had any questions answered to my satisfaction; and 
 

 
 

  I agree to participate in the project. 

 

 

  I consent to the audio recording during this workshop. 

 

 

  I allow to be contacted for further one-on-one interview. 

 

 
 

Name 
participant’s copy- Do not sign 

 

Signature 
 

 

Date 
 

 
 

  

mailto:research-ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
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THANK YOU FOR YOUR INTEREST IN OUR RESEARCH PROJECT 

 

Dear Participants, 

 

You are cordially invited to attend a stakeholder engagement workshop on February 16th, 2017 

at the Board Room, Griffith Southbank Campus. 

 

We are currently developing a modelled system of the effect of renewable energy technology 

deployment in the tourist accommodation sector in Queensland. This model captures why the 

tourist accommodation sector deploys renewable energy technology, and the possible ripple 

effects of this decision to the Australian economic, environment and society. This model, when 

finish, can assist the tourist accommodation sector to identify opportunities and barriers to 

deploy renewable energy technology, broaden the renewable energy sector’s understanding 

about the effects of their innovations, assist the government to design their policies, and 

enlighten the public of the possible effects of this decision on their daily lives.  

 

In order the model to predict the above effects, its accuracy is crucial. You, as an expert about 

renewable energy and/or the tourist accommodation sector in Queensland, plays a critical role 

to ensure that this model reflects the reality. Your opinions and suggestions about this model 

will ensure that its predictions are accurate, which in turns will benefit your future decisions.   

 

In addition to researchers, participants may include employees of small and large tourist 

accommodation providers, electric utilities, research organisations, and regulatory agencies at 

the federal, state, and local levels, and the public representatives. This stakeholder engagement 

workshop with complimentary luncheon is an excellent networking opportunity with 

participants who are involved in the tourist accommodation sector and renewable energy 

technology.  

 

This information pack contains the research project information, draft agenda, transportation, 

directions, and registration information, and a sampled model.  

 

Registration: 

This is a free event, with complimentary tea and coffee break, lunch, and car park. To attend 

this workshop, please register at: https://stakeholderengagementworkshop.eventbrite.com.au 

 

The Board Room Information: 

The Board Room locates in the Griffith University, Southbank Campus, Brisbane. It is located 

in the Webb Centre Building (building number S02), 7th floor, room number 7.16-7.07. 

Griffith Southbank Campus map is attached to this information pack.  

 

Additional Information: 

For information or questions regarding the program content, please contact:  
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NiNa Dhirasasna 

Research team member 

Griffith University 

Phone: 0404747678 

E-mail: nina.dhirasasna@griffithuni.edu.au 

 

Sincerely, 

NiNa Dhirasasna 

PhD candidate 

Griffith University 

mailto:nina.dhirasasna@griffithuni.edu.au
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COVERSHEET 

 

Who is conducting    Professor Susanne Becken (Senior investigator) 

the research    Professor of Sustainable Tourism, Griffith University 

(07) 5552 8827 

s.becken@griffith.edu.au 

 

     Dr.Oz Sahin (Senior investigator) 

     Senior Research Fellow, Griffith School of Engineering 

     (07) 5552 8065 

     o.sahin@griffith.edu.au 

 

Ms.NiNa Dhirasasna (Research team member) 

Research student, Griffith Business School 

(07) 3735 3948 

nina.dhirasasna@griffithuni.edu.au 

 

Why is the research being conducted? 

This research is being conducted to gain a better understanding of the opportunities and barriers 

for a tourist accommodation to deploy renewable energy technology. The research will also 

explore the consequences of tourist accommodation’s renewable energy technology 

deployment decision on its stakeholders.  

 

What you will be asked to do? 

You are invited to attend a stakeholder engagement workshop. During this workshop, you will 

be asked to view a modelled system of the tourist accommodation sector and renewable energy 

technology. You are asked to comment on and discuss your opinion about this model with other 

stakeholders, and find a common ground to adjust the model if need be to best reflect the real 

system. You may also be asked for further clarification about your opinions towards certain 

factor in a model. This workshop takes approximately 3 hours between 9:30-11:30, followed 

by a complimentary luncheon to 13:30. 

 

The basis by which participants will be selected or screened 

• You are 18 years old and above.  

• You are a scholar in a university who have a research background in the tourism and/or 

engineering industries, and/or  

• You work in and/or own any type of tourist accommodations in the management, and/or 

• You work for an Australian Government in a department or agency that relates to the 

energy and/or tourism industries, and/or 

• You work in an electricity provider, and/or 

• You are the member of the public who are interest in this topic. 

The expected benefits of the research 
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This research aims to develop a better investment strategy of a tourist accommodation in 

renewable energy technology that balance environmental, social and economic risks and 

benefits. 

 

This research will contribute to a better understanding of the opportunities and barriers for a 

hotel to deploy renewable energy technology. In particular, the research addresses the 

consequence of tourist accommodation decision to deploy such technology. The findings will 

inform suggestions to improve hotel investment decisions in renewable energy technology that 

balance environmental, social and economic risks and benefits. 

 

Risks to you 

There are no foreseeable risks associated with participation in this research. 

 

Your confidentiality 

Upon arrival to the workshop, you will be assigned a name tag with pseudonym using a colour 

code and a number, for example RED1 or BLUE2, reflecting the industry that you are 

associated with. The meaning of colour code is not made public and is only known to the 

researcher. During the workshop, you will be referred to as this colour and number code instead 

of your name. 

 

Your response to the model will be stored for analysis in a de-identified format. The completed 

model will be stored in a researcher’s computer at Griffith University, and will be permanently 

deleted after 5 years. Only research team members have access to this model. Note that the 

results will be reported in a PhD thesis and may also be published as a journal article or 

presented at an academic conference. Your identity will not be identifiable in anyway. 

 

The registration of this research involves the collection, access and/ or use of your name, 

surname, and email address. The information collected is confidential and will not be disclosed 

to third parties without your consent, except to meet government, legal or other regulatory 

authority requirements. A de-identified copy of this data may be used for other research 

purposes.   However, your anonymity will at all times be safeguarded.   

For further information consult the University’s Privacy Plan at 

http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan 

or telephone (07) 3735 4375. 

 

 

 

Your participation is voluntary 
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Your participation is voluntary. You do not need to answer every question unless you wish to 

do so. You can withdraw from the workshop at any time before the research result is being 

published as a thesis. 

 

Questions / further information / research result 

You can contact the members of the research team for additional information about the project, 

or to obtain the research result. Please see above for contact details.  

 

The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on Ethical 

Conduct in Human Research (2007).  

If you have any concerns or complaints about the ethical conduct of the research project you 

should contact the Manager, Research Ethics on 3735 4375 or research-ethics@griffith.edu.au. 

 

The Griffith University ethics reference number 2017/320.  

 

Expressing consent – anonymous or de-identified information 

If you register into this workshop, you will be deemed to have consented to your participation 

in this research.  
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Stakeholder Engagement Workshop Agenda 

 

9:15 Registration open. Coffee and Tea on arrival 

 

9:30 Introduction to Systems thinking concept  

 

9:45 Group discussion about the structure and behaviour of the system about the tourist 

accommodation sector and renewable energy technology 

 

11:30 Lunch 
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Model Viewing 

This section gives you a brief concept of systems thinking, an overview of a model and 

language that we will discuss and use during the workshop. The concept of systems thinking 

dated back in 1960s (Mingers & White, 2010) and is now being used in many research areas 

that explore or predict the impacts. With systems thinking, we perceive that everything in this 

world is connected as a system, like an invisible spider web. A small drop of water on any 

thread will cause a ripple effect to the whole web. A new policy, a new investment decision 

and a new technology, for example, are similar to a water drop. They can become either a water 

source to the spider, or tear down the whole web. Either way, the impact of water drop will 

emerge over time. We often see policy that works today, but fail in the next five years. Often, 

we see technology that benefits its users, but disadvantage other non-users. So, as you can see, 

foreseeing the impact of this water drop is crucial. But how can we do it? 

 

Building a model in a computer that reflects and captures the spider web helps us to foresee 

the impact of this water drop over time. In this research, the web that we are building is about 

the tourist accommodation sector and its deployment of renewable energy technology (RET). 

To ensure we predict the impact of water drop accurately, we need to build an accurate spider 

web. And no one knows the spider web better than a spider!! We have created a spider web 

based on information from the literature about the tourist accommodation sector and renewable 

energy technology, and interviews with academics, NGOs, and tourist accommodation industry 

representatives. However, more spider knowledge from you is needed.  

 

There are some basic rules  

 

Next, we explain how to read the model.  

 

 

Let us now look at the modelled web shown below. You will notice that the model contains 

words/phrases, and connected with blue or red arrows. These words such as ‘Tourist willing to 

pay for renewable energy technology (RET)’, and ‘Hotelier perception of RET as competitive 

adv (selling point)’ are called factor. They are in different colours based on the industry they 

are associated with. The legend of these colour codes are provided on the right hand side of the 

web.  

 

You’ll notice also that each pair of factors is linked with blue or red arrows. On these arrows 

has either ‘s’ or ‘o’ on its handle. ‘S’ stands for the same direction. That is as factor A increases, 

factor B also increases; or as factor A decreases, factor B also decreases. An example of how 

to read ‘s’(blue arrow) is: 

 

[As ‘Tourist willing to stay in RET hotel’ increases, ‘Hotelier perception of RET as competitive 

adv (selling point) increases. As ‘Hotelier perception of RET as competitive adv (selling point)’ 

increases, ‘Owner/hotelier perception of RET financial benefits’ increases. As ‘Owner/hotelier 
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perception of RET financial benefits’ increases, ‘Owner/hotelier perception of sustainability 

financial benefits’ increases.] 

  

If you keep following the arrow path, you will notice that it leads you back to the beginning 

factor, ‘Tourist willing to stay in RET hotel’. Every time you can trace back to the factor that 

you begin with, it is called a feedback loop. There are two types of feedback loop: reinforcing 

(denoted with ) or balancing (denoted with ). Under each loop icon has a name. The 

above example is a reinforcing loop, with the name of ‘RET marketing benefits’. It is a 

reinforcing loop because overtime the RET marketing benefits will continue to either increase 

or decrease depends on the scenario.  

 

Next is a red arrow, with a sign ‘O’ standing for the opposite direction. That is, as factor A 

increases, factor B decreases; or as factor A decreases, factor B increases.  

An example of how to read ‘o’ (red arrow) is: 

 

[As ‘Hotel adoption of other energy conservation methods’ increases, the ‘hotel energy 

demand profile decreases. As the ‘hotel energy demand profile decreases, the ‘value of 

electricity bill’ decreases. As the ‘value of electricity bill’ decreases, the ‘hotel profit’ 

increases….. ] 

 

If you follow the arrow path, you will notice that it leads you back to the beginning factor, 

‘Hotel adoption of other energy conservation methods’. Again, every time you can trace back 

to the factor that you begin with, it is a feedback loop. In this example, it is called a balancing 

loop (denoted with ), with the name of ‘spill over from other green method. It is a balancing 

loop because overtime, there is no changes to this system.  

 

Please review this model and its arrows carefully. In the workshop, you will be given an 

opportunity to voice your opinion if this model coincides with your opinion. You can adjust 

any factors or arrows. Remember that you are an expert about the tourist accommodation sector 

and its deployment of renewable energy technology. You know best if this model reflects the 

right web. Note that due to time limitation; we will focus only on the main factors of the model. 

Provided below are a list of variable names and definitions we use in the model. 

R B

B
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RET technology maturity and storage

RET Cost Benefits
S

Reliability of Electricity produced by RET

S

Costof non-renewable supply

S

Innovation investment decision

S

R1

Investor attractor

R2

Better techno

S

Australia's Emissions Amount

Gap between target and actual emission S

The Renewable Energy Target SchemeS

Hotel Deployment of RET

O

S

Hotel Availability of Finance for RET investment

Hotel Availability of Space

Hotel Energy Demand Profile

Hotel Rating

Hotel participant of Brand Affiliation

S

Efficiency of Engineers at Hotel

Gap between cost of electricity from grid and from RET

Proximity of hotel location to urban area

S

S

Hotel profit

Owner's RET investment attitude

S

Value of Electricity bill

S

O

Owner/hotelier awareness of Energy Conservation Method

S

S

Owner/hotelier perception of sustainability financial benefits

S

S

Electricity retailer

options Amount of energy charge

from electricity retailer
O

Gross electricity

retail margin

S

S

Tourist willing to pay for RET

Tourist willing to Stay in RET Hotel (demand)

Tourist perceived levels of comfort and value for price

Tourist Perception of RET as a Reliable Energy Source

Tourists' Electricity Consumption in Room

S

S

Hotelier perception of RET as competitive adv (selling point)S

Tourist Attitude and Awareness about Environment

Tourist Environmental-Friendly Behaviour

O

S

S

Price of hotel room

O
S

Extreme Weather

O

Travel season

S

S

S

O
B

Back fired grid

leaving trend

S

R

Grid price push

people away

S

S

Hotel adoption of other
energy conservation

methods

O

Owner/hotelier perception

of RET financial benefits

S

S

S

S

O

R

Spill over from other

green method

R

RET financial

benefits

S

S

S

B

Knee jerk policy

S

Acceptable price

range

<Acceptable price

range>

O

S

R

RET marketing

benefits

S
R

Benefits from tourist'

green behaviour

B

Comfortable bias

Hotelier Attitude

Government policy

Tourist perceptions

Enviromental/uncontriolable variables

LEGEND/ Colour codes
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