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Abstract 

The main purpose of the research is to investigate drivers that motivate homeowners, investors, government 
institutions etc., to undertake green renovation. Sustainable upgrade actions have been slow although new smart  
technologies such as solar panels, e-glazing, insulation systems, cogeneration etc., are developed or upgraded 
every year. At such a slow pace, the existing building stock presents a challenge as drivers are not rigorously 
identified and applied. A survey questionnaire was designed to examine all the drivers that encourage energy 
renovation. Extensive review of the literature provided a theoretical framework that supported the study. The 
survey was administered to energy consultants, architects, quantity surveyors, facility managers and engineers with 
sufficient professional experience. The data was analysed using means, T-test analysis and Mann–Whitney U test. 
The results establish a relationship between drivers and upgrade of existing buildings and systems. The findings 
identified a strong level of agreement among the respondents on the drivers of green renovation. Incentive and 
support systems, penalties for noncompliance, high energy bills, energy conservation and policy and regulations, 
awareness etc., are some of the motivating factors that drive energy management retrofit. 

Keywords: carbon dioxide, drivers, energy saving, existing buildings and systems, green renovation 

1. Introduction 

Energy management studies keep painting a gloomy picture of the effects of human activities on the environment. 
Reports indicate rising temperature including the identification of glaciers in Asia and Europe. Indeed, parts of the 
world are likely to lose more than 80% of the available ice mass in a couple of decades (Van der Geest & Van den 
Berg, 2021). Estimates show human activities have contributed to the 1.1ºc of global warming and effects of rising 
sea levels. Unfortunately, other projections point to a sharp increase from 1.1 to 1.5 in the near future. The 
Intergovernmental Panel on Climate Change (IPCC) states that the effects of high emissions such as loss of 
endangered species and aquatic life, predicted shortage of global water etc., may continue until corrective strategies 
are adopted (IPCC, 2021). Notwithstanding, environmental challenges associated with buildings and systems are 
on the rise. The existing building stock is associated with heat losses because of defective envelopes, poor 
insulation, corrosive components, undocumented high level of air infiltration, leakages and defective roof systems 
(Douglas & Ransom, 2013; Uotila et al., 2021). For example, estimates indicate high infiltration concerns, low level 
of sustainable practices and to some extent adoption of smart meters has also been slow (Giest, 2020; Ndlovu et 
al., 2020). Energy consumption of buildings is on the rise with figures between 15-19% and 23% of carbon dioxide 
(CO2) emissions (Movahed et al., 2021; Sandanayake et al., 2019). Similarly, actions from various countries that tie 
to energy management have been slow (IPCC, 2021). However, there are reports of some gains through energy 
retrofit. Green renovation or sustainable upgrade has proved to contribute positively to emission reductions (Dunn 
et al., 2021). The concept of green renovation presents opportunities in energy saving and sustainable development 
(Desideri & Asdrubali, 2018; Dadzie et al., 2020). 

Mawed et al. (2020) suggest that awareness of the benefits of green retrofit amongst owners and decision-makers 
drives actions and decisions to improve energy performance of existing buildings. Dunn et al. (2021) determined 
the amount of savings in cost, carbon reduction and kilowatt usage and confirmed that repayment for energy used 
and cost savings drive LED retrofit projects. Ebekozien et al. (2022) through a systematic review highlighted 
drivers of green building practices. Hrovatin and Zorić (2016) demonstrated that drivers of energy efficiency 
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upgrade include subsidy interventions, supports and information systems. Rispoli & Organ (2019) revealed that 
climate change and heritage preservations drive energy retrofit of houses in the UK. Fasna and Gunatilake (2020) 
studied stakeholder’s involvement as a driver of a hotel energy retrofit. Principal interest and communication, 
project and energy management, technical and research skills deliver building retrofit projects (Bevan et al., 2020). 
There are findings on methods used to implement green refurbishment. Methods and strategies are important to 
the drive towards energy upgrade of buildings and equipment. Hamida and Hassanain (2021) developed an 
AEC/FM knowledge in adaptive reuse projects. Alwan (2016) developed and proposed a BIM framework for the 
maintenance and refurbishment of housing stock. The BIM approach largely used in the analysis can be applied to 
achieve effective modern asset management. Mauro et al. (2015) presented a new methodology for energy retrofit 
based on cost-optimality, energy design and survey strategies for auditing of indoor environment. The use of records 
from building key cards has proved to be an effective way of keeping track of activities in a building, thereby 
contributing to energy gains (Rohdin et al., 2016). However, majority of the studies are not tied to the practical 
implications of drivers of green retrofit. Also, not many studies attempt to compare decisions from different 
professionals to encourage energy management renovations. Given the level of emissions, it is clear attention must 
shift to drivers that influence policy decision or formulation. Thus, the study seeks to investigate drivers of green 
renovation of existing buildings and systems. 

2. Literature Review 

2.1 Sustainable Upgrade of Existing Buildings and Systems 

Sustainable upgrade of existing buildings presents an opportunity to drive energy savings and improve the 
environment. The environment is life, hence actions to preserve nature are in tandem with the aim of the study. 
The demand-side approach of energy retrofit has been widely discussed in the literature as it presents a shift from 
the conventional model to a more energy management system. Karunaratne & De Silva (2019) considered the 
demand-side energy retrofit (DSER) potential in existing office buildings in Sri Lanka. The authors underlined a 
methodology that addresses energy demand from HVAC and lighting systems. Detailed analysis shows the method 
proposed can be used to control electricity demand. Gultekin-Bier et al. (2018) presented a cross-case analysis of 
an integrated system for advanced energy retrofit projects. The research argued for a case study approach to 
understand the integrated system design process and related effects on energy efficiency. To achieve the objectives, 
the authors adopted three retrofit projects with varying processes and rates of energy consumption. Accordingly, a 
collaborative energy benchmarking and performance goal setting provided a transparent decision-making condition 
that supports iterative energy modelling of an integrated building system. Deep renovation of historic buildings 
for lowest possible energy demand and CO2 emissions was studied by Herrera-Avellanosa et al. (2019). The analysis 
highlighted the importance of improving energy performance of historic buildings as there is the potential to 
reduce carbon emissions while protecting built heritage. Dissemination of best-practices and guidelines are 
presented as critical in addressing barriers and ultimately to achieve the lowest possible energy demand for historic 
buildings. 

Evaluation of post occupancy performance of a typical conventional building was undertaken by Atkins & 
Emmanuel (2014). The research used a single case to explore gaps and overlaps and their role in improving energy 
and carbon emission performance of traditional buildings. The results show that green renovation of the case study 
could halve the energy use in traditional buildings with comparable savings in CO2 emission. Pazouki et al. (2021) 
applied a robust possibilistic programming method to deal with uncertainties and mathematical modelling to find 
the best decarbonisation strategy. The multi-objective optimization model considers economic variables such as 
profit, initial cost and payback period. Others include energy-saving and the use of clean and renewable energy 
technologies. Detailed analysis of the data indicates that the presented model can find the best possible strategy to 
improve energy efficiency and significantly improve a buildings' energy saving. Energy efficiency approaches 
should consider building portfolios, given that deep decarbonisation of existing stocks would bring significant 
environmental and economic benefits (Gabrielli & Ruggeri, 2019). The study presented a decision support model 
for planning and managing energy retrofit operations in wide building portfolios. The purpose was to use a single- 
building perspective and identify the level of energy retrofit that leads to the greatest possible benefit. The results 
consider extreme flexibility in comparing countless design scenarios, limited number of building characteristics 
required and straightforwardness of the model developed as important contributions to ensure decarbonisation of 
the built environment. 

2.2 Drivers of Green Renovation of Existing Buildings and Systems 

Table 1 presents details of the drivers in the literature that relate to sustainable upgrade of existing buildings and 
systems. In relation to the research questions, variables that present demand for green renovation were identified 
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and discussed. Details of the variables include socio-economic conditions, incentive and support systems, energy 
efficiency advice, energy savings, increasing cost of energy, energy savings after upgrade among many others. 

 

Table 1. Drivers of green renovation 

No Drivers of Sustainable Upgrade Source 

1 Socio-economic conditions Hrovatin & Zorić (2016), Azar & Al Ansari (2017), Wang et al. 

(2018), Jia et al. (2018) 

2 Incentives/support systems Wang et al. (2018); Geng & Cui (2020), Bergman & Foxon (2020); 

Liang et al. (2019), Guo et al. (2019), Häkkinen et al. (2019) 

3 Level of awareness Azar & Al Ansari (2017), Trianni et al. (2016), Wang et al. (2017), 

Spyridaki et al. (2020), Haraldsson & Johansson (2019), Sa et al. 

(2017), Andersson & Thollander (2019) 

4 Government policy & regulations Martiskainen & Kivimaa (2019), Wang et al. (2018), Liang et al. 

(2019), Andersson & Thollander (2019), Polzin et al. (2018), Alam et 

al. (2019) 

5 Management support Wang et al. (2016), Sola et al. (2020), Bertone et al. (2018), Johansson 

& Thollander (2018), Haraldsson & Johansson (2019) 

6 Energy savings Cooremans & Schönenberger (2019), Liu et al. (2020), Geng & Cui 

(2020), Polzin et al. (2018), Beccali et al. (2019), Hamilton et al. 

(2016), Johansson & Thollander (2018), Ahmed et al. (2021) 

7 End user expectations Wang et al. (2016), Thøgersen (2018), Antonietti & Fontini (2019), 

Trianni et al. (2016), Collins & Curtis (2018), Bevan et al. (2020), 

Häkkinen et al. (2019) 

8 Eco-friendly environment Rispoli & Organ (2018), Salim et al. (2019), Persson & Grönkvist

(2015), Thøgersen (2018), Miller et al. (2018), Berg et al. (2017),

Damette et al. (2018) 

9 Increasing cost of energy Rispoli & Organ (2019), Hrovatin et al. (2016), Del Río et al. (2018), 

Du et al. (2016), Hasan et al. (2019), Andersson & Thollander (2019) 

10 Availability of a sustainable 

technology 

Jia et al. (2018), Seth et al. (2018), Sáez-Martínez et al. (2016), Wang 

et al. (2017), Qi et al. (2020), Miller et al. (2018), Beccali et al. 

(2019), Nižetić et al. (2019), Spyridaki et al. (2020), Guo et al. (2019) 

11 Penalties for non-compliance Martiskainen & Kivimaa (2019), Cagno et al. (2015), Chmutina et al. 

(2014) 

12 Indoor thermal comfort Hrovatin & Zorić (2018), Klöckner & Nayum (2016), Nair et al. 

(2010) 

13 Emissions tax Tesema & Worrell (2015), Lu et al. (2019), Qi et al. (2020), Hoicka et 

al. (2014), Chmutina et al. (2014) 

14 Owner involvement Trianni et al. (2016), Miller et al. (2018), Gliedt & Hoicka (2015), 

Thollander & Palm (2015), Wilson et al. (2018) 

15 Payback time on investment Bergman & Foxon (2020), Bertone et al. (2018), Damette et al. 

(2018), Polzin et al. (2018) 
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Demand driven drivers vary from county-to-country and scope depending on the level of policy formulation and 
implementation. Policy drives many energy renovations all over the world. Alam et al. (2019) studied Government 
championed strategies to overcome barriers to public building energy efficiency retrofit projects, whereas 
government policy, regulation and potential to improve demand for green renovation were discussed by 
Martiskainen & Kivimaa (2019). Alam et al. (2019) added that government decisions to support energy efficiency 
upgrades are likely to drive reductions in CO2 emissions. Actions in the form policies and regulations should be 
aligned to the overall goal of improving energy savings particularly of existing buildings and equipment. Incentives 
and support systems derived from policies have the potential to stimulate demand and actions relevant to energy 
saving upgrades (Geng & Cui, 2020). Incentive and support systems cause demand for sustainable upgrade (Wang 
et al. 2016). Economic conditions vary, however that has no correlation with energy wasted as indicated in an 
earlier study by Wang et al. (2018). Socio-economic level influences the type and size of building and installation 
of sustainable technologies (Wang et al., 2018). As the cost of technologies and systems that drive low energy 
consumption rise, low-income earners or countries may not be able to adopt and install. Building type and size 
could attract different incentive and support systems (Salim et al. 2019; Lu et al. 2019). Large buildings consume 
more energy, likely to attract support compared to small buildings. Azar & Al Ansari (2017) discussed quest to 
conserve energy as a driver of emissions savings consistent with similar studies by Hasan et al. (2019). Hasan et 
al. (2019) highlighted energy saving concerns as a driver of energy retrofit actions. Overall, a large percentage of 
the studies are aligned to the theory of clean technology transfer and sustainable construction as indicated in Fig. 
1. 

H1: There is no agreement between management group and the non-management group on drivers of energy 
renovation projects. 

3. Research Conceptual Framework and Context 

The main aim of the study is to investigate drivers of sustainable upgrade of structures and systems. Given the 
established aim, Fig. 1. argues that investigating drivers of sustainable upgrade of existing buildings is consistent 
with benefits of improved environmental performance. Improved environmental outlook which includes energy 
savings and reduced emissions is consistent with the concept of sustainability. The framework serves as a guide 
that tie all the variables for the study. 

 
Figure 1. Framework and research context 

 

Economic and social gains as in the theory of sustainability may not be achieved without a critical look at the 
environmental parameters. In this vein, the research links the ultimate goals of addressing environmental effects 
to the benefits associated with sustainable upgrade. Therefore, by identifying weaknesses in the present building 
stock and designing appropriate systems to save energy leads to improved emissions and ensure environmental 
sustainability. The concept of sustainable upgrade (SU) ties the actions of environmental performance to drivers 
that influence actions or decisions. The drivers influence decisions in a positive way, they are in actual sense acting 
opposite inactions. It is based on this assumption that the investigation connects the variables to improve 
environmental performance. The framework is a guide for the selection of relevant variables for the study. 
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4. Research Methodology 

The investigation adopts a quantitative approach consistent with the theory established by O'Dwyer & Bernauer 
(2013). O'Dwyer & Bernauer (2013) argue that the structure of research questions directs the paradigm of a 
scientific examination. For example, questions that are “what” in nature dictate a quantitative approach. Although 
it is common to find a mix of quantitative and qualitative methods, this research ties to the quantitative paradigm 
as highlighted in the research questions, methodology and analysis of findings. Adoption and application of a 
single research method has been hindered by certain deficiencies (Creswell & Clark, 2017). Mwageni & Kassenga 
(2022) used a quantitative paradigm and argued the use of a survey questionnaire to understand cost-benefit 
analysis of green space investment in residential areas. Sackey et al. (2020) used survey questionnaire to 
investigate factors of solar panel investment. The responses were analysed using a quantitative tool and approach 
such as one sample t-test to assess the significance of the main variables. Similarly, Agyeman et al. (2012) used a 
quantitative approach for a study on commercial charcoal production and sustainable community development of 
the upper west region, Ghana. Leyian et al. (2021) adopted a pragmatism paradigm as well as a correlational 
research design and a sample of 251 respondents. Data was collected using semi-structured questionnaires, 
interview guides, and observation. Quantitative data was analysed for means and standard deviation as well as 
inferential techniques for correlation and regression while hypothesis was tested using ANOVA. 

4.1 Data Collection 

The research adopts a survey questionnaire to collect quantitative data on the drivers of green renovation. An initial 
detailed literature review was conducted to identify the nature and types of existing buildings, sustainable 
technologies, energy and environmental performance, barriers and drivers. Drivers of sustainable upgrade were 
extracted from the literature and expanded after an extensive review by industry professionals. The first part of the 
survey questionnaire covered the working experience of respondents, projects undertaken in the past and the total 
value of renovations undertaken by the respondents in Australia. The second part focused on sustainable 
technologies, barriers and drivers that drive green renovation. Testing of the viability of the variables was to ensure 
that irrelevant drivers inconsistent with industry practices were eliminated. Sections of the survey were improved 
and incorporated into the main structure before distribution through SurveyMonkey. The websites of professional’s 
bodies were the main tools used to establish contact with respondents. Others were contacted through referrals 
although that sample was not large. Architects, project managers, facility managers, building services engineers 
and quantity surveyors who formed the core of respondents were randomly selected from professionals registered 
with various professional bodies. These professionals work with different clients and buildings: residential, 
educational, commercial, heritage, retail facilities and religious buildings. Table 2 illustrates the professionals 
contacted and details of the qualifications. In relation to the hypothesis, the sample was grouped under management 
team (facility managers and services engineers) and non-management team (architects, project managers and 
quantity surveyors) were randomly selected. The data obtained was analysed using SPSS. 

4.2 Data Analysis 

Given the research questions, a Cronbach's alpha coefficient was used consistent with similar studies by Leyian, 
Rambo & Mulwa (2021). According to Tavakol & Dennick (2011) a Cronbach’s alpha coefficient should range 
between 0 to 1. Statistically, a value greater than 70% is required to reach acceptability level. By applying the 
steps provided by Gliem & Gliem (2003) the estimated Cronbach's alpha coefficient value of 0.788 for all the 
drivers was established, indicating consistency in the data set to allow for further statistical analysis. The most 
common formular is the use of means to determine the main drivers likely to trigger reductions in emissions. 
Calculated means provide the descriptive analysis of the data for detailed and further analysis, based on the 
maximum and minimum values. The means of each group are then assessed to produce the overall ranking for 
discussions and conclusions. Similar means are differentiated using the standard deviations. This is where standard 
deviation estimates become relevant as that forms the basis for ranking of similar means. 

Mean ൌ
∑ Wड़. Xड़
ହ
୧ିଵ

∑ Xड़ହ
୧ିଵ

 

where: i – responses category of a Likert scale – 1,2, 3, 4, 5. Wi – is the weight assigned to ith response – (5 is 
Strongly agree, 4 for agree, 3 for neutral, 2 is disagree, 1 for strongly disagree); and Xi – frequency of the ith 

response. 

α ൌ
Qa

ሺVar ൅ ሺQ െ 1ሻaሻ
 

Where α—Cronbach’s coefficient alpha  
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Q = the number of components 

a= mean of covariances between the components  

Var= variance of each component 

 

Statistical means and standard deviations have been used in studies related to the environment and energy efficiency. 
Babatunde et al. (2018) used means and standard deviations to understand drivers and benefits of BIM 
incorporation into quantity surveying profession. In line with the objectives, a p-value of 95% confidence interval 
was tested against statistical t test. The next phase of the analysis adopts the Kendall’s coefficient of concordance 
to explain the level of agreement of the drivers. The Kendall’s coefficient of concordance (W) measures the 
agreement of the various respondents based on mean values within a particular sample or population (Field, 2005). 
The range of the value of W is from 0 to 1; a higher value of W, indicates consensus among the sample. Similar 
tools have been used in previous studies around sustainability and energy management. The Mann–Whitney U test 
provides basis to accept or reject a null hypothesis. For this study, the U test suggests two different groups from 
the same sample and that they are autonomous, homogeneous and have the same distribution. The U test works on 
the assumption that as calculated p-value is less than the allowable significance level (95%), the null hypothesis 
(H0), stating no significant differences in the median values of the same item between the two survey groups, 
should be rejected. 

5. Results and Discussion 

5.1 Background of Respondents 

All 350 sets of survey questionnaires were distributed, 86 responses were received of which 81 were complete and 
used for further analysis. Table 2 presents details of the respondents. Almost 50% of the respondents have a 
postgraduate degree with another 40% with first degree. Also, 80% of the respondents have over 10 years of 
professional experience in renovation and sustainable construction. The level of education and experience of the 
respondents correlates with the quality of the data obtained and analysed. 

 

Table 2. Background of respondents 

Profession % Qualification % Working Experience % 

Architects 28 Postgraduate 45 <5years 20 

Project Managers 15 Degree 40 > 10 years 80 

Service Engineers 35 Diploma/others 15   

Facility Managers 11     

Quantity Surveyors 11     

 

5.2 Drivers of Green Renovation for Energy and CO2 Savings 

Table 3 indicates the results of the drivers of SU of existing structures and systems. In all, 23 drivers were identified 
as main variables influencing upgrade. The analysis is in two sections: the first section focuses on analysing the 
means of the two teams as the other section concentrates on the overall results. For the analysis of the management 
group, main drivers include incentive and support systems (1st, 4.81), energy conservation (2nd, 4.72), penalties for 
non-compliances (3rd, 4.66), policy & regulations (4th, 4.60), high energy bills (5th, 4.53), decision to sell (6th, 4.48), 
public awareness (7th, 4.44), Heritage purpose (8th, 4.40), household income (9th, 4.32) and acquire green 
certification (10th, 4.30). 
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Table 3. Drivers of green renovation of existing structures and systems for CO2 savings 

No Drivers of Sustainable Upgrade 
Management Group 

Non- management 

Group 
Overall Response 

Mean Rank Mean Rank Mean Rank Sig. 

1 Household income 4.32 9th 4.27 9th 4.30 7th 0.000 

2 Household population 3.25 21st 3.14 23rd 3.20 23rd 0.000 

3 Improve average property value 4.17 12th 3.24 21st 3.71 18th 0.000 

4 Heritage purposes 4.40 8th 3.42 19th 3.91 13th 0.000 

5 Change Use or function of building 4.00 13th 4.11 10th 4.06 11th 0.000 

6 Acquire Green certification 4.30 10th 4.07 11th 4.19 8th 0.000 

7 Professional / Technical advice 4.19 11th 3.78 15th 3.99 12th 0.000 

 Available data on energy saving        

8 potential of SU 3.89 14th 3.55 16th 3.72 17th 0.000 

9 Decision to sell 4.48 6th 3.8 14th 4.14 9th 0.000 

10 Availability of low interest loans 3.40 19th 3.46 18th 3.43 19th 0.011 

11 Government policy & regulations 4.60 4th 4.55 5th 4.58 5th 0.000 

12 sustainable upgrade energy audit 3.67 16th 4.57 4th 4.12 10th 0.000 

13 Incentive and support systems 4.81 1st 4.75 3rd 4.78 1st 0.002 

14 Penalties for noncompliance 4.66 3rd 4.8 2nd 4.73 2nd 0.000 

15 Ensured public awareness 4.44 7th 4.51 6th 4.48 6th 0.001 

16 Climate change effects 3.50 18th 4.00 13th 3.75 16th 0.000 

17 Indoor thermal discomfort 3.70 15th 3.16 22nd 3.43 19th 0.010 

 Affordable energy efficient        

18 technologies 3.61 17th 4.01 12th 3.81 14th 0.000 

19 Size of building 3.15 23rd 4.42 8th 3.79 15th 0.000 

20 Age of building 3.30 20th 3.33 20th 3.32 22nd 0.002 

 Existing energy savings systems in        

21 building 3.20 22nd 3.50 17th 3.35 21st 0.000 

22 High energy bills 4.53 5th 4.82 1st 4.68 3rd 0.000 

23 Energy conservation 4.72 2nd 4.50 7th 4.61 4th 0.000 

 

Many studies tend to separate policy and regulations as a driver, however, the analysis attempted to merge the two 
to understand the position of professionals. The results show there is no significant difference as they do not 
function independently. Addressing policy directives in the form of regulations contribute to fines or penalties 
drive sustainable upgrade. On the other hand, in relation to non-management team, the results indicate to some 
extent consistency in the data. The analysis indicates significant drivers as high energy bills (1st, 4.82), penalties 
for non-compliance (2nd, 4.80); incentive support systems (3rd, 4.75); SU upgrade energy audit (4th, 4.57); policy 
and regulations (5th, 4.55); public awareness (6th, 4.51) energy conservation (7th, 4.50), size of building (8th, 4.42), 
household income (9th, 4.27), change use /function of building (10th, 4.11). The results indicate consistent as 
indicated in Table 3, for instance, as government policy was ranked 4th by management team, it was ranked 5th by 
the non-management team. Incentive and support systems was ranked 1st by the management team whereas the 
non-management ranked that 3rd with a mean of 4.81 and 4.75 respectively. 

The second part of the analysis shows incentive and support systems, penalties for noncompliance, high energy 
bills, energy conservation, policy and regulations were ranked 1st (4.78, p=0.002), 2nd (4.73, p=0.000), 3rd (4.68, 
p=0.00), 4th (4.61, p=0.000) and 5th (4.58, p=0.000) respectively. In the same vein, ranked 6th, (4.48, p=0.001), 7th 

(4.30, p=0.000), 8th (4.19, p=0.000), 9th (4.14, p=0.000) and 10th (4.12, p=0.000) are public awareness, household 
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income, acquire green certificate, decision to sell and SU upgrade energy audit in that order. At the bottom of the 
order are indoor thermal comfort (3.43, p=0.010), availability of low interest loans (3.43, p=0.011), existing energy 
saving systems (3.35, p=0.000), age of building (3.32, p=0.002) and household population (3.20, p=0.000). The 
overall position is that the respondents acknowledge age of building, household income etc. as drivers. 

5.3 Hypothesis Testing 

The values of W for each group show that the null hypothesis should be rejected as the p-value at a significance 
level less than 0.005 (p≤0.005). This implies that there is agreement between the management group and the non- 
management group of the sample on the rankings regarding the drivers of SU of existing structures and systems. 
The values of W, 0.158 and 0.125 for the management group and non-management group respectively. As the 
variables are 23, Chi-square analysis conducted indicates values between 62 and 65. In the case of the management 
group (65.83; df=8) and non-management group (62.44; df=8). The results indicate agreement between the two 
groups, inconsistent with the null hypothesis. 

 

Table 4. U test analysis 

No Drivers Mann Whitey U Z-value p-value 

1 Household income 91 1.405 0.432 

2 Household population 67.88 2.452 0.105 

3 Improve average property value 77 2.253 0.229 

4 Heritage purposes 68 2.549 0.182 

5 Change use or function of building 89 1.598 0.44 

6 Acquire Green certification 90 1.522 0.448 

7 Professional / Technical advice 49 3.762 0.000 

8 Available data on energy saving potential of SU 88 1.601 0.436 

9 Decision to sell 84 1.675 0.376 

10 Availability of low interest loans 82 1.698 0.311 

11 Government policies and regulations 107 0.456 0.672 

12 Sustainable upgrade energy audit 101 0.509 0.627 

13 Incentive systems 104 0.486 0.589 

14 Penalties for noncompliance 100 0.529 0.651 

15 Ensured public awareness 96 1.344 0.482 

16 Climate change effects 50 3.187 0.300 

17 Indoor thermal discomfort 75 2.373 1.835 

18 Affordable energy efficient technologies 48 3.246 0.000 

19 Size of building 55 3.159 0.000 

20 Age of building 70 2.347 0.137 

21 Existing energy savings systems in building 70.85 2.361 0.126 

22 High energy bills 96 1.344 0.483 

23 Energy conservation 100.63 0.511 0.662 

 

The Mann–Whitney U test is used to determine any significant differences or divergences in the median values of 
the same item between any two selected respondent groups. There is only one pair in this research, that is 
management and non-management group of professionals. Table 4 shows calculated the Z values, U values and p-
values. For example, household income (U= 91, Z=1.405, p-value= 0.432), household population (U=67.880, 
Z=2.452, 0.105) and improve average property value (U=77, Z=2.253, p value=0.229). Professional and technical 
advice, affordable energy efficient technologies and size of building with p-value inconsistent with that of 0.05. 
The implication is that the drivers are outlining variables as p-values (p<0.05) indicate a shift. However, the 
remaining 20 drivers, the U test show (p>0.05). This implies that for a conventional renovation project, the initial 
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consultation between a client and a group of professionals to formulate a contract constitute a professional advice. 
Technically, a professional advice is embedded in any formal contract as explained by the p-value. In the case of 
affordable energy efficient technologies, the respondents anticipate improved high energy saving technologies 
such as the solar panel systems, smart envelopes etc. 

6. Discussion of Results 

The discussion is based on the results of the study as indicated in Table 2 and Table 3. The main drivers are 
incentive and support systems, penalties for noncompliance, high energy bills, energy conservation, policy and 
regulations etc. Incentive systems drive energy retrofit of existing structures and systems. Supportive systems can 
be of different forms including subsides, full cost recovery, free installations, discounts, and tax reductions (Geng 
and Cui, 2020). For example, providing financial assistance or subsidy for solar panel systems or the battery 
program can improve decisions to renovate or upgrade. Some countries have such programs whereas others do not 
have at all. In some countries the level of implementation is slow; often not targeting the many households and 
industries. Households, small businesses and community groups can be encouraged with incentive systems such 
as certificate of installation to drive upgrades (Kontokosta, 2016; Häkkinen et al., 2019). Also, commercial solar 
rebates, loans and grants are likely incentives systems for large scale companies with the desire to renovate. 
Financial institutions can focus on providing support to industries willing to adopt sustainable upgrade. Such 
financial support can attract low interest rates to encourage many homeowners to renovate. Liang et al. (2019) 
mentioned the importance of enforcing support systems to promote energy renovations. The focus of the results is 
that although there are many incentives programs, majority are ignored or not enforced. Acting to implement such 
directives could trigger demand for sustainable upgrade of existing buildings and systems. Liang’s et al. (2019) 
position is consistent with the position of the respondents. It implies that as support systems are introduced or 
enforced, actions to upgrade also improve. 

A global lack of investment in sustainable technologies to reduce energy consumption has forced many high- 
demanding nations to continually rely heavily on fossil fuel; the effects on the climate and global warming are 
severe. The result of the study is critical as it points out the need to understand energy saving through retrofitting. 
Similar concerns in line with the results were expressed by Johansson & Thollander (2018). Energy conservation 
or management is the process of ensuring that energy is consumed or used for the desired purpose. Similarly, it 
means adopting ways to minimise or eliminate unnecessary energy wastage. It involves installation of energy 
efficient systems, or use of materials with low U-Values, behavioural actions etc., that contribute to low energy 
consumption (Polzin et al., 2018). There is the need to establish achievable benchmarks that can be measured, 
monitored and improved. The implication is that clients, institutions, investors and professionals in the field are 
encouraged to act. A mere suggestion that people should conserve energy without actions to back such proposals 
may not deliver positive results. Proper financial regulations to strengthen weak structures are relevant to CO2 
savings. Simple technologies that promote energy management are needed to reinforce retrofit actions. For 
example, government’s investment actions can target investors and developers willing to venture into green 
renovation. Also, manufacturers, clients, institutions and investors are to some extent aware of this concept, but 
unable to act due to inadequate support or leadership. Clients are increasingly becoming aware of the need to 
conserve energy to the level of retrofitting lighting systems and introducing insulators in old buildings (Gabrielli 
& Ruggeri, 2019). The results indicate penalties for non-compliance as a driver of actions towards CO2 savings. 
It is the position of the respondents that by addressing compliance and providing fines or penalties that go with 
non-compliance, actions to retrofit are ultimately activated. The current regulations are to some extent not strictly 
enforced. With such a condition, many potential clients may not take actions to renovate. The building codes 
provide actions that should be adopted and applied including inspections to ensure compliance at all the stages of 
renovation. For example, inspections of simple technologies such as insulation, room heights, quality of materials 
fall within the building code. Expanding the building codes to address areas such as expected level of upgrade and 
technologies drives upgrade. Thus, regulations can be aligned to the codes by specifying penalties for non- 
compliance to promote green renovation. 

Globally, high energy bills drive actions to upgrade existing structures and systems. Energy companies are required 
to investigate sustainable ways of production that do not harm the environment and future generations. Continuing 
with the unsustainable ways contributes to high cost of energy, which is usually passed on to the consumer. 
However, consumers are aware that a simple life cycle cost analysis of a sustainable upgrade over a period can 
pay for a high energy cost (del Río et al., 2018; Hasan et al., 2019). Also, consumers understand the impact of data 
indicating short-term recovery of investment for green renovation. Given such a background, potential clients or 
investors are increasingly seeking approaches that can cause energy savings and conservation (Du et al., 2016; 
Hasan et al., 2019). The results of the study on policy and regulations as drivers of sustainable upgrade are 
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consistent with findings of studies by Martiskainen & Kivimaa (2019). Martiskainen and Kivimaa (2019) 
discussed the impact of policy on energy management renovations. Polzin et al. (2019) and Alam et al. (2019) 
argued for stronger policies and regulations. Policies and regulations are to some extent not enforceable, negatively 
impacting expected gains in energy savings. Wang et al. (2018) also stated that policies backed by regulations 
positively impact energy conservation. Wang et al. (2017) highlighted awareness creation as important as economic 
regulations that stimulate demand for improved of energy efficiency. 

6.1 Implications for Practice 

The findings are relevant as that indicate extent to which the concept of sustainability triggers employment through 
research. The drivers of sustainable upgrade highlight areas for practice. The level to which the findings are applied 
relies on the adoption and implementation of the drivers identified. The results seek to create and enhance 
understanding of the main parameters that are needed to improve emissions. As the drivers are enforced through 
policy and regulations; investment, research and development, jobs etc. are created. For example, penalties for 
noncompliance can drive adoption of sustainable systems and trigger demand and supply thereby creating jobs in 
the sustainability industry. Incentive and support systems should drive potential clients to undertake SU thereby 
promoting energy savings. Studies show desire to adopt green renovation due to related energy and CO2 savings, 
however this requires actions as indicated by the results of the study. 

7. Conclusions 

Energy management through green renovation of buildings and systems is consistent with the aim of this research. 
Decarbonisation of the existing building stock through sustainable upgrade has been identified as a major step 
towards energy efficiency. As drivers are identified and applied, energy renovations activities are encouraged to 
save energy and the environment. This requires that buildings and equipment are upgraded to ensure improved 
energy efficiency. However, there are studies that indicate a slow pace at which these actions are undertaken. The 
consequence is high CO2 emissions that tend to affect the environment and sometimes human life. The main 
objective of the study is to investigate drivers of green renovation. This involved extensive review of the literature 
to establish a theoretical foundation to understand and develop a framework to guide the investigation. Detailed 
data collection approach and analysis delivered basis to argue in relation with the established framework. The 
results identified two main levels or groups of drivers as indicate in the conceptual framework of study. The main 
drivers identified include incentive and support systems, penalties for noncompliance, high energy bills, energy 
conservation and policy and regulations. Others are public awareness, household income, acquire green certificate, 
decision to sell and SU upgrade energy audit in that order are regarded as highly ranked drivers. Indoor thermal 
comfort, availability of low interest loans, energy saving systems, age of building and household population are 
considered least ranked drivers. The second objective is to test the hypotheses of any relationship between the 
respondents on the drivers. In this section significant statistical agreement between the two groups of professionals 
was established. Thus, the research provides a policy tool for governments, institutions, the construction industry 
etc. Also, it presents literature to aid decision making regarding sustainable upgrade of existing buildings and 
equipment. The practical and policy implications of the study are presented as part of actions required to improve 
the environment. 

References 

Agyeman, K. O., Amponsah, O., Braimah, I., & Lurumuah, S. (2012). Commercial charcoal production and 
sustainable community development of the upper west region, Ghana. Journal of Sustainable Development, 
5(4), 149-164. https://doi.org/10.5539/jsd.v5n4p149 

Ahmad, N., Aghdam, R. F., Butt, I., & Naveed, A. (2020). Citation-based systematic literature review of energy- 
growth nexus: An overview of the field and content analysis of the top 50 influential papers. Energy 
Economics, 86, 104642. https://doi.org/10.1016/j.eneco.2019.104642 

Alam, M., Zou, P. X., Stewart, R. A., Bertone, E., Sahin, O., Buntine, C., & Marshall, C. (2019). Government 
championed strategies to overcome the barriers to public building energy efficiency retrofit projects. 
Sustainable Cities and Society, 44, 56-69. https://doi.org/10.1016/j.scs.2018.09.022 

Alwan, Z. (2016). BIM performance framework for the maintenance and refurbishment of housing stock. 
Structural Survey, 34(3), 242-255. https://doi.org/10.1108/SS-03-2015-0018 

Andersson, E., & Thollander, P. (2019). Key performance indicators for energy management in the Swedish pulp 
and paper industry. Energy Strategy Reviews, 24, 229-235. https://doi.org/10.1016/j.esr.2019.03.004 

Antonietti, R., & Fontini, F. (2019). Does energy price affect energy efficiency? Cross-country panel evidence. 
Energy Policy, 29, 896-906. https://doi.org/10.1016/j.enpol.2019.02.069 



jsd.ccsenet.org Journal of Sustainable Development Vol. 15, No. 6; 2022 

98 
 

Asdrubali F., & Desideri, U. (2018). Handbook of energy efficiency in buildings: A life cycle approach. Oxford: 
Butterworth-Heinemann. 

Atkins, R. N., & Emmanuel, R. (2014). Could refurbishment of “traditional” buildings reduce carbon emissions? 
Built Environment Project and Asset Management, 4(3), 221-237. https://doi.org/10.1108/BEPAM-08-2013-
0030 

Azar, E., & Al Ansari, H. (2017). Framework to investigate energy conservation motivation and actions of building 
occupants: The case of a green campus in Abu Dhabi, UAE. Applied Energy, 190, 563-573. 
https://doi.org/10.1016/j.apenergy.2016.12.128 

Babatunde, S. O., Ekundayo, D., Babalola, O., & Jimoh, J.A. (2018). Analysis of the drivers and benefits of BIM 
incorporation into quantity surveying profession: academia and students' perspectives. Journal of 
Engineering, Design and Technology, 16(5), 750-766. https://doi.org/10.1108/JEDT-04-2018-0058 

Beccali, M., Bonomolo, M., Brano, V. L., Ciulla, G., Di Dio, V., Massaro, F., & Favuzza, S. (2019). Energy saving 
and user satisfaction for a new advanced public lighting system. Energy Conversion and Management, 195, 
943-957. https://doi.org/10.1016/j.enconman.2019.05.070 

Berg, F., Flyen, A. C., Godbolt, Å. L., & Broström, T. (2017). User-driven energy efficiency in historic buildings: 
A review. Journal of Cultural Heritage, 28, 188-195. https://doi.org/10.1016/j.culher.2017.05.009 

Bergman, N., & Foxon, T. J. (2020). Reframing policy for the energy efficiency challenge: Insights from housing 
retrofits in the United Kingdom. Energy Research & Social Science, 63, 101386. 
https://doi.org/10.1016/j.culher.2017.05.009 

Bertone, E., Stewart, R. A., Sahin, O., Alam, M., Zou, P. X., Buntine, C., & Marshall, C. (2018). Guidelines, 
barriers and strategies for energy and water retrofits of public buildings. Journal of Cleaner Production, 174, 
1064-1078. https://doi.org/10.1016/j.jclepro.2017.11.065 

Bevan, W., Lu, S. L., & Sexton, M. (2020). Skills required to deliver energy efficient school retrofit buildings. 
Engineering, Construction and Architectural Management, 27(10), 3051-3073. 
https://doi.org/10.1108/ECAM-03-2019-0126 

Cagno, E., Trianni, A., Abeelen, C., Worrell, E., & Miggiano, F. (2015). Barriers and drivers for energy efficiency: 
Different perspectives from an exploratory study in the Netherlands. Energy conversion and management, 
102, 26-38. https://doi.org/10.1016/j.enconman.2015.04.018 

Chmutina, K., Wiersma, B., Goodier, C. I., & Devine-Wright, P. (2014). Concern or compliance? Drivers of urban 
decentralised energy initiatives. Sustainable Cities and Society, 10, 122-129. 
https://doi.org/10.1016/j.scs.2013.07.001 

Collins, M., & Curtis, J. (2018). Willingness-to-pay and free-riding in a national energy efficiency retrofit grant 
scheme. Energy Policy, 118, 211-220. https://doi.org/10.1016/j.enpol.2018.03.057 

Cooremans, C., & Schönenberger, A. (2019). Energy management: A key driver of energy-efficiency investment? 
Journal of Cleaner Production, 230, 264-275. https://doi.org/10.1016/j.jclepro.2019.04.333 

Creswell, J. W., & Clark, V. L. (2017). Designing and conducting mixed methods research. New York: Sage. 

Dadzie, J., Runeson, G., & Ding, G. (2020). Assessing determinants of sustainable upgrade of existing buildings: 
The case of sustainable technologies for energy efficiency. Journal of Engineering, Design and Technology, 
18(1), 270-292. https://doi.org/10.1108/JEDT-09-2018-0148 

Damette, O., Delacote, P., & Del Lo, G. (2018). Households energy consumption and transition toward cleaner 
energy sources. Energy Policy, 113, 751-764. https://doi.org/10.1016/j.enpol.2017.10.060 

Del Río, P., Peñasco, C., & Mir-Artigues, P. (2018). An overview of drivers and barriers to concentrated solar 
power in the European Union. Renewable and Sustainable Energy Reviews, 81, 1019-1029. 
https://doi.org/10.1016/j.rser.2017.06.038 

Desideri, U., & Asdrubali, F. (Eds.). (2018). Handbook of energy efficiency in buildings: a life cycle approach. 
Butterworth-Heinemann. Oxford, UK. 

Douglas, J., & Ransom, B. (2013). Understanding building failures. London: Routledge. 
https://doi.org/10.4324/9780203125175 

Du, H., Matisoff, D.C., Wang, Y., & Liu, X. (2016). Understanding drivers of energy efficiency changes in China. 
Applied Energy, 184, 1196-1206. https://doi.org/10.1016/j.apenergy.2016.05.002 



jsd.ccsenet.org Journal of Sustainable Development Vol. 15, No. 6; 2022 

99 
 

Dunn, P. J., Oyegoke, A. S., Ajayi, S., Palliyaguru, R., & Devkar, G. (2021). Challenges and benefits of LED 
retrofit projects: a case of SALIX financed secondary school in the UK. Journal of Engineering, Design and 
Technology. https://doi.org/10.1108/JEDT-08-2021-0424 

Ebekozien, A., Aigbavboa, C., Thwala, W. D., Amadi, G. C., Aigbedion, M., & Ogbaini, I. F. (2022). A systematic 
review of green building practices implementation in Africa. Journal of Facilities Management, (ahead-of-
print). https://doi.org/10.1108/JFM-09-2021-0096 

Fasna, M. F. F., & Gunatilake, S. (2020). Involvement of stakeholders in the adoption and implementation of 
energy retrofits in hotel buildings. International Journal of Energy Sector Management, 14(6), 1239-1253. 
https://doi.org/10.1108/IJESM-02-2020-0006 

Field, A. P. (2005). Kendall’s Coefficient of Concordance. Encyclopedia of Statistics Behavioural Science. 
https://doi.org/10.1002/0470013192.bsa327 

Gabrielli, L., & Ruggeri, A. G. (2019). Developing a model for energy retrofit in large building portfolios: Energy 
assessment, optimization and uncertainty. Energy and Buildings, 202, 109356. 
https://doi.org/10.1016/j.enbuild.2019.109356 

Geng, C., & Cui, Z. (2020). Analysis of spatial heterogeneity and driving factors of capital allocation efficiency 
in energy conservation and environmental protection industry under environmental regulation. Energy Policy, 
137, 111081. https://doi.org/10.1016/j.enpol.2019.111081 

Giest, S. (2020). Making energy personal: Policy coordination challenges in UK smart meter implementation. 
Journal of Public Policy, 40(4), 553-572. https://doi.org/10.1017/S0143814X19000163 

Gliedt, T., & Hoicka, C. E. (2015). Energy upgrades as financial or strategic investment? Energy Star property 
owners and managers improving building energy performance. Applied Energy, 147, 430-443. 
https://doi.org/10.1016/j.apenergy.2015.02.028 

Gliem, J. A., & Gliem, R. R. (2003). Calculating, interpreting, and reporting Cronbach’s alpha reliability 
coefficient for Likert-type scales. Midwest Research-to-Practice Conference in Adult, Continuing, and 
Community Education. 

Gultekin-Bicer, P., Anumba, C. J., & Leicht, R. M. (2018). Advanced energy retrofit projects: Cross-case analysis 
of integrated system design. International Journal of Construction Management, 18(6), 453-466. 
https://doi.org/10.1080/15623599.2017.1337959 

Guo, H., Qiao, W., & Liu, J. (2019). Dynamic feedback analysis of influencing factors of existing building energy- 
saving renovation market based on system dynamics in China. Sustainability, 11(1), 273. 
https://doi.org/10.3390/su11010273 

Häkkinen, T., Ala-Juusela, M., Mäkeläinen, T., & Jung, N. (2019). Drivers and benefits for district-scale energy 
refurbishment. Cities, 94, 80-95. https://doi.org/10.1016/j.cities.2019.05.019 

Hamida, M. B., & Hassanain, M. A. (2021). A framework model for AEC/FM knowledge in adaptive reuse projects. 
Journal of Engineering, Design and Technology, 20(3), 624-648. https://doi.org/10.1108/JEDT-05-2020-
0203 

Hamilton, I. G., Summerfield, A. J., Shipworth, D., Steadman, J. P., Oreszczyn, T., & Lowe, R. J. (2016). Energy 
efficiency uptake and energy savings in English houses: A cohort study. Energy and Buildings, 118, 259-276. 
https://doi.org/10.1016/j.enbuild.2016.02.024 

Hammond, M., & Wellington, J. (2012). Research methods: the key concepts. London: Routledge. 
https://doi.org/10.4324/9780203097625 

Haraldsson, J., & Johansson, M. T. (2019). Barriers to and drivers for improved energy efficiency in the Swedish 
aluminium industry and aluminium casting foundries. Sustainability, 11(7), 20-43. 
https://doi.org/10.3390/su11072043 

Hasan, A. S. M., Rokonuzzaman, M., Tuhin, R. A., Salimullah, S. M., Ullah, M., Sakib, T. H., & Thollander, P. 
(2019). Drivers and barriers to industrial energy efficiency in textile industries of Bangladesh. Energies, 12(9), 
1775. https://doi.org/10.3390/en12091775 

Herrera-Avellanosa, D., Haas, F., Leijonhufvud, G., & Broström, T. (2020). Deep renovation of historic buildings: 
The IEA-SHC Task 59 path towards the lowest possible energy demand and CO2 emissions. International 
Journal of Building Pathology and Adaptation, 38(4), 539-553. https://doi.org/10.1108/IJBPA-12-2018-0102 



jsd.ccsenet.org Journal of Sustainable Development Vol. 15, No. 6; 2022 

100 
 

Hoicka, C. E., Parker, P., & Andrey, J. (2014). Residential energy efficiency retrofits: How program design affects 
participation and outcomes. Energy Policy, 65, 594-607. https://doi.org/10.1016/j.enpol.2013.10.053 

Hrovatin, N., Dolšak, N., & Zorić, J. (2016). Factors impacting investments in energy efficiency and clean 
technologies: empirical evidence from Slovenian manufacturing firms. Journal of Cleaner Production, 127, 
475-486. https://doi.org/10.1016/j.jclepro.2016.04.039 

IPCC. (2021). AR6 climate change 2021: impacts, adaptation and vulnerability – IPCC. Retrieved from 
https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/ 

Jia, J. J., Xu, J. H., Fan, Y., & Ji, Q. (2018). Willingness to accept energy-saving measures and adoption barriers 
in the residential sector: An empirical analysis in Beijing, China. Renewable and Sustainable Energy Reviews, 
95, 56-73. https://doi.org/10.1016/j.rser.2018.07.015 

Johansson, M. T., & Thollander, P. (2018). A review of barriers to and driving forces for improved energy 
efficiency in Swedish industry–Recommendations for successful in-house energy management. Renewable 
Sustainable Energy Reviews, 82, 618-628. https://doi.org/10.1016/j.rser.2017.09.052 

Karunaratne, T. L. W., & De Silva, N. (2019). Demand-side energy retrofit potential in existing office buildings. 
Built Environment Project and Asset Management, 9(3), 426-439. https://doi.org/10.1108/BEPAM-10-2017-
0103 

Klöckner, C. A., & Nayum, A. (2016). Specific barriers and drivers in different stages of decision-making about 
energy efficiency upgrades in private homes. Frontiers in psychology, 7, 1362. 
https://doi.org/10.3389/fpsyg.2016.01362 

Kontokosta, C. E. (2016). Modeling the energy retrofit decision in commercial office buildings. Energy and 
Buildings, 131, 1-20. https://doi.org/10.1016/j.enbuild.2016.08.062 

Leyian, B. N., Rambo, C. M., & Mulwa, A. (2021). Influence of Project Team Knowledge Diversity on 
Implementation of Building Construction Projects. A Case of Kajiado County, Kenya, Africa. Journal of 
Sustainable Development, 14(5). https://doi.org/10.5539/jsd.v14n5p99 

Liang, X., Yu, T., Hong, J., & Shen, G. Q. (2019). Making incentive policies more effective: An agent-based 
model for energy-efficiency retrofit in China. Energy Policy, 126, 177-189. 
https://doi.org/10.1016/j.enpol.2018.11.029 

Liu, G., Wang, B., Cheng, Z., & Zhang, N. (2020). The drivers of China’s regional green productivity, 1999– 2013. 
Resources, Conservation and Recycling, 153, 104561. https://doi.org/10.1016/j.resconrec.2019.104561 

Lu, Y., Chang, R., Shabunko, V., & Yee, A. T. L. (2019). The implementation of building-integrated photovoltaics 
in Singapore: drivers versus barriers. Energy, 168, 400-408. https://doi.org/10.1016/j.energy.2018.11.099 

Martiskainen, M., & Kivimaa, P. (2019). Role of knowledge and policies as drivers for low-energy housing: Case 
studies from the United Kingdom. Journal of Cleaner Production, 215, 1402-1414. 
https://doi.org/10.1016/j.jclepro.2019.01.104 

Mauro, G. M., Hamdy, M., Vanoli, G. P., Bianco, N., & Hensen, J. L. (2015). A new methodology for investigating 
the cost-optimality of energy retrofitting a building category. Energy and Buildings, 107, 456-478. 
https://doi.org/10.1016/j.enbuild.2015.08.044 

Mawed, M., Tilani, V., & Hamani, K. (2020). The role of facilities management in green retrofit of existing 
buildings in the United Arab Emirates. Journal of Facilities Management, 18(1), 36-52. 
https://doi.org/10.1108/JFM-07-2019-0035 

Miller, W., Liu, L.A., Amin, Z., & Gray, M. (2018). Involving occupants in net-zero-energy solar housing retrofits: 
An Australian sub-tropical case study. Solar Energy, 159, 390-404. 
https://doi.org/10.1016/j.solener.2017.10.008 

Movahed, Y., Bakhtiari, A., Eslami, S., & Noorollahi, Y. (2021). Investigation of single-storey residential green 
roof contribution to buildings energy demand reduction in different climate zones of Iran. International 
Journal of Green Energy, 18(1), 100-110. https://doi.org/10.1080/15435075.2020.1831509 

Mwageni, N., & Kassenga G., (2022). Cost-Benefit Analysis of Green Space Investment in Residential Areas of 
Dar es Salaam City, Tanzania. Journal of Sustainable Development, 15(3), 157-157. 
https://doi.org/10.5539/jsd.v15n3p157 



jsd.ccsenet.org Journal of Sustainable Development Vol. 15, No. 6; 2022 

101 
 

Nair, G., Gustavsson, L., & Mahapatra, K. (2010). Factors influencing energy efficiency investments in existing 
Swedish residential buildings. Energy Policy, 38(6), 2956-2963. https://doi.org/10.1016/j.enpol.2010.01.033 

Ndlovu, V., Newman, P., & Sidambe, M. (2020). Prioritisation and Localisation of Sustainable Development 
Goals (SDGs): Challenges and Opportunities for Bulawayo. Journal of Sustainable Development, 13(5). 
https://doi.org/10.5539/jsd.v13n5p104 

Nižetić, S., Djilali, N., Papadopoulos, A., & Rodrigues, J. J. (2019). Smart technologies for promotion of energy 
efficiency, utilization of sustainable resources and waste management. Journal of Cleaner Production, 231, 
565-591. https://doi.org/10.1016/j.jclepro.2019.04.397 

O'Dwyer, L. M., & Bernauer, J. A. (2013). Quantitative research for the qualitative researcher. SAGE publications. 
https://doi.org/10.4135/9781506335674 

Pazouki, M., Rezaie, K., & Bozorgi-Amiri, A. (2021). A fuzzy robust multi-objective optimization model for 
building energy retrofit considering utility function: A university building case study. Energy and Buildings, 
241, 110933. https://doi.org/10.1016/j.enbuild.2021.110933 

Persson, J., & Grönkvist S. (2015). Drivers for and barriers to low-energy buildings in Sweden. Journal of Cleaner 
Production, 109, 296-304. https://doi.org/10.1016/j.jclepro.2014.09.094 

Polzin, F., Nolden, C., & von Flotow, P. (2018). Drivers and barriers for municipal retrofitting activities–Evidence 
from a large-scale survey of German local authorities. Renewable and Sustainable Energy Reviews, 88, 99-
108. https://doi.org/10.1016/j.rser.2018.02.012 

Qi, X., Guo, P., Guo, Y., Liu, X., & Zhou, X. (2020). Understanding energy efficiency and its drivers: An empirical 
analysis of China’s 14 coal intensive industries. Energy, 190, 116354. 
https://doi.org/10.1016/j.energy.2019.116354 

Rispoli, M., & Organ, S. (2018). The drivers and challenges of improving the energy efficiency performance of 
listed pre-1919 housing. International Journal of Building Pathology and Adaptation, 37(3), 288-305. 
https://doi.org/10.1108/IJBPA-09-2017-0037 

Rohdin, P., Dalewski, M., & Moshfegh, B. (2016). Combining a survey approach and energy and indoor 
environment auditing in historic buildings. Journal of Engineering, Design and Technology, 14(1), 182. 
https://doi.org/10.1108/IJBPA-09-2017-0037 

Sa, A., Thollander, P., & Cagno, E. (2017). Assessing the driving factors for energy management program adoption. 
Renewable Sustainable Energy Reviews, 74, 538-547. https://doi.org/10.1016/j.rser.2017.02.061 

Sackey, D. M., Owusu-Manu, D. G., Asiedu, R. O., & Jehuri, A. B. (2020). Analysis of latent impeding factors to 
solar photovoltaic investments in Ghana. International Journal of Energy Sector Management, 14(4), 669-
682. https://doi.org/10.1108/IJESM-08-2019-0005 

Sáez-Martínez, F. J., Lefebvre, G., Hernández, J. J., & Clark, J. H. (2016). Drivers of sustainable cleaner production 
and sustainable energy options. Journal of Cleaner Production, 138, 1-7. 
https://doi.org/10.1016/j.jclepro.2016.08.094 

Salim, H. K., Stewart, R. A., Sahin, O., & Dudley, M. (2019). Drivers, barriers and enablers to end-of-life 
management of solar photovoltaic and battery energy storage systems: A systematic literature review. Journal 
of Cleaner Production, 211, 537-554. https://doi.org/10.1016/j.jclepro.2018.11.229 

Sandanayake, M., Zhang, G., & Setunge, S. (2019). Estimation of environmental emissions and impacts of building 
construction–A decision making tool for contractors. Journal of Building Engineering, 21, 173-185. 
https://doi.org/10.1016/j.jobe.2018.10.023 

Seth, D., Rehman, M. A. A., & Shrivastava, R. L. (2018). Green manufacturing drivers and their relationships for 
small and medium (SME) and large industries. Journal of Cleaner Production, 198, 1381-1405. 
https://doi.org/10.1016/j.jclepro.2018.07.106 

Sola, A. V., & Mota, C. M. (2020). Influencing factors on energy management in industries. Journal of Cleaner 
Production, 248, 119263. https://doi.org/10.1016/j.jclepro.2019.119263 

Spyridaki, N. A., Stavrakas, V., Dendramis, Y., & Flamos, A. (2020). Understanding technology ownership to 
reveal adoption trends for energy efficiency measures in the Greek residential sector. Energy Policy, 140, 
111413. https://doi.org/10.1016/j.enpol.2020.111413 

Tavakol, M., & Dennick, R. (2011). Making sense of Cronbach's alpha. International Journal of Medical 



jsd.ccsenet.org Journal of Sustainable Development Vol. 15, No. 6; 2022 

102 
 

Education, 2, 53. https://doi.org/10.5116/ijme.4dfb.8dfd 

Tesema, G., & Worrell, E. (2015). Energy efficiency improvement potentials for the cement industry in Ethiopia. 
Energy, 93, 2042-2052. https://doi.org/10.1016/j.energy.2015.10.057 

Thøgersen, J. (2018). Frugal or green? Basic drivers of energy saving in European households. Journal of Cleaner 
Production, 197, 1521-1530. https://doi.org/10.1016/j.jclepro.2018.06.282 

Thollander, P., & Palm, J. (2015). Industrial energy management decision making for improved energy efficiency 
– Strategic system perspectives and situated action in combination. Energies, 8(6), 5694-5703. 
https://doi.org/10.3390/en8065694 

Trianni, A., Cagno, E., & Farné, S. (2016). Barriers, drivers and decision-making process for industrial energy 
efficiency: A broad study among manufacturing small and medium-sized enterprises. Applied Energy, 162, 
1537-1551. https://doi.org/10.1016/j.apenergy.2015.02.078 

Uotila, U., Saari, A., Junnonen, J. M. K., & Eskola, L. (2021). Assessing ventilation strategies in a school with 
observed indoor air problems. Facilities, 40(15-16), 1-16. https://doi.org/10.1108/F-03-2021-0019 

van der Geest, K., & van den Berg, R. (2021). Slow-onset events: a review of the evidence from the IPCC Special 
Reports on Land, Oceans and Cryosphere. Current Opinion in Environmental Sustainability, 50, 109-120. 
https://doi.org/10.1016/j.cosust.2021.03.008 

Wang, J., Yang, F., Zhang, X., & Zhou, Q. (2018). Barriers and drivers for enterprise energy efficiency: An 
exploratory study for industrial transfer in the Beijing-Tianjin-Hebei region. Journal of Cleaner Production, 
200, 866-879. https://doi.org/10.1016/j.jclepro.2018.07.327 

Wang, T., Li, X., Liao, P. C., & Fang, D. (2016). Building energy efficiency for public hospitals and healthcare 
facilities in China: Barriers and drivers. Energy, 103, 588-597. https://doi.org/10.1016/j.energy.2016.03.039 

Wang, X., Li, Z., Meng, H., & Wu, J. (2017). Identification of key energy efficiency drivers through global city 
benchmarking: A data driven approach. Applied Energy, 190, 18-28. 
https://doi.org/10.1016/j.apenergy.2016.12.111 

Wilson, C., Pettifor, H., & Chryssochoidis, G. (2018). Quantitative modelling of why and how homeowners decide 
to renovate energy efficiently. Applied Energy, 212, 1333-1344. 
https://doi.org/10.1016/j.apenergy.2017.11.099 

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 

 


