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capability, the lack of legislation, and organisational culture barriers. Moreover, stakeholders involved in 

building refurbishment have faced many challenges in integrating carbon reduction in their decision-making 

practices in different areas of the pre-design and design stages of the refurbishment process, including (1) 

inexplicit carbon goal setting, (2) ineffective building condition assessment, (3) deficient and incomprehensive 

relevant whole-of-life carbon information to support the decision-making, and (4) inconsistent and ambiguous 

carbon-calculation guidelines and benchmark. The results also emphasise that considering both embodied and 

operational carbon impacts is critical to maximising carbon reduction in a building throughout its life cycle. 

Especially, for building refurbishment, the priority should move from reducing operational to whole-of-life 

carbon emissions. 

The results from this thesis also provide an in-depth understanding of the characteristics of the decision-making 

process in practice, lessons learnt for improved implementation of building refurbishment and the effectiveness 

of collaborative rationality among the diverse stakeholders. Based on theoretical propositions found in the 

literature and practical knowledge from empirical findings, a comprehensive decision support framework was 

developed that provides a detailed guideline to better-delivering building refurbishment towards zero carbon. 

The framework supports the stakeholders involved in building refurbishment to understand the refurbishment 

decision-making process and requirements for reducing carbon emissions in certain activities, identify areas 

for addressing carbon issues in the early stages of the refurbishment process, determine relevant information 

key factors and actors in driving carbon-reduction solutions, and promote stakeholder collaboration and 

integration in carbon-reduction building refurbishment. 

This thesis updates both the practical and theoretical understanding of challenges and improvement measures 

to establish a greater way to support decarbonisation decisions for building refurbishment. The decision-

support framework from this thesis offers building stakeholders a more holistic and streamlined 

interdisciplinary guide to recognise the decarbonisation decision with its required information, expertise, and 

mechanisms to reduce carbon emissions for the refurbished building throughout the decision-making process 

in practice. Findings from this thesis are also of relevance to the theoretical and practical knowledge of how 

the decisions are made to maximise carbon reduction in building refurbishment as a guide for other researchers 

who are pursuing closely related research topics to that of this thesis. 
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(Antwi & Hamza, 2015). Whereas ontology may initially seem rather abstract, the relevance of epistemology 

is more obvious (Saunders et al., 2016). There are two broad epistemological positions: positivism and 

interpretivism. While positivism strives to maintain an objective and independent stance by believing that only 

an observed and measured phenomenon would be regarded as valid knowledge, usually governed by a 

deductive approach. Interpretivism attempts to minimise the gap that may appear in various methods of 

participatory inquiry, usually governed by an inductive approach (Bryman, 2008). Table 1-2 presents a 

comparison between these two epistemological perspectives. 

Table 1-2: Positivism versus interpretivism epistemological perspectives (Bryman, 2008) 

Descriptive  Positivism  Interpretivism  

Basis Natural science Human interactions 

Approach to social 

science 

Description and generalisation of 

human behaviour 

Interpretive understanding and causal 

explanation of human behaviour 

Subject matter Nature Social reality 

Subject actions Unmotivated and inanimate Engaged and expressive 

Data collection Observation, classification, and 

measurement 

Understanding the perspective of human 

subjects 

Research and 

Theory 

Majorly deductive Strongly inductive 

Methodology refers to the principles and procedures of the logical thought processes that can be applied to a 

scientific investigation (Fellows & Liu, 2021). It is a research strategy translating ontological and 

epistemological principles into guidelines. These guidelines show how research is conducted (Sarantakos, 

2017) and the principles, procedures, and practices governing research (Healy & Perry, 2000; Marczyk et al., 

2010). Saunders et al. (2016) claimed that methodology includes philosophy, approaches, strategies, methods, 

choices, time horizons, data collection and analysis techniques and procedures. Creswell and Creswell (2017) 

stated that three questions needed to be addressed when selecting the research methodology: (1) what 

knowledge claims are being made by the researcher? (2) what strategies of inquiry will inform the procedures? 

(3) what methods of data collection and analysis will be used? Thus, understanding the philosophical stances 

of the research is the first step in designing a research methodology. 
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Figure 1-2: The inter-relationships between research objectives, methods, outcome, and publications (Source: Authors) 
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1.4.4.1.2 Critical literature review 

In comparison to a semi-systematic review, a critical review usually has a different purpose, intending to 

review, critique, and integrate representative literature on a topic in a synthesised manner that enables new 

knowledge, perspectives, understanding and theoretical frameworks to emerge (Torraco, 2005; Cronin & 

George, 2020). According to Snyder (2019), there are two types of critical literature review; one aims to 

address mature topics, while the other intends to deal with new or emerging topics. A potential contribution of 

a critical literature review is that it offers the advancement of knowledge and theoretical frameworks rather 

than a simple overview or description of a research area. Thus, it should not be descriptive or historical but 

should preferably generate a new conceptual framework or theory. However, the critical review presents a 

unique challenge in integrating knowledge from different communities of practice and synthesising different 

perspectives can be problematic (Carlile, 2004; Cronin & Weingart, 2007). Therefore, a careful and systematic 

approach to organising a critical literature review could produce a comprehensive understanding of the topic 

of interest and reduce any possible drawbacks in the process (Whittemore & Knafl, 2005). 

Accordingly, the critical literature review was applied within the thesis to assess, critique, and synthesise the 

literature on zero carbon building refurbishment. Specifically, the technique was used to critically review 

decision support mechanisms for building refurbishment to facilitate a new conceptual framework for a new 

conceptual decision support framework for zero carbon refurbishment (Objective 2). This is the case of mature 

topics, where the purpose of using the critical review is to overview the knowledge base, critically review and 

potentially re-conceptualise, and expand on the theoretical foundation of the specific topic as it develops 

(Snyder, 2019). The critical review provides a new understanding of decision support mechanisms for building 

refurbishment towards zero carbon in the research field. These findings were later used to develop a novel 

decision support framework for zero carbon refurbishment of existing buildings to be used in New Zealand. 

1.4.4.2 Preliminary study 

Preliminary studies are useful when exploring or searching through a problem or situation to provide insights 

and ideas. They are particularly helpful in breaking broad, vague problem statements into smaller, more precise 

sub-problem statements (Naoum, 2012; Zikmund et al., 2013). Especially when the researcher has a limited 

amount of data or experience, or knowledge about a research issue, a preliminary study is required as an initial 
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or the readers of an account (Creswell & Miller, 2000). Whereas the goal of establishing qualitative reliability 

is to minimise errors and biases in a research study (Yin, 2014; Saunders et al., 2016). 

Instrumentation rigour and bias management are major challenges for qualitative researchers. Researcher bias 

can be occurred during every step of a research process, including the initial planning stage, theory 

development and modification, data collection and analysis (Chenail, 2011). It is argued that the nature of 

qualitative research is so personal to the researcher that another researcher might use the same data to come to 

radically different conclusions (Mays & Pope, 1995). Moreover, a few authors highlighted that the participant 

bias due to their comments, post-hoc evaluation, tone and verbal behaviour during the interviews adversely 

affect the reliability of the data findings (Yin, 2014; Saunders et al., 2016).  

However, these contentions are countered by qualitative researchers who seek to show, through various 

strategies, how qualitative research can demonstrate rigour (Gray, 2018). Qualitative researchers can reclaim 

responsibility for reliability and validity by implementing verification strategies integral and self-correcting 

during the conduct of inquiry itself. Verification strategies can be adopted that ensure both reliability and 

validity of data are activities such as ensuring methodological coherence, sampling sufficiency, developing a 

dynamic relationship between sampling, data collection and analysis, thinking theoretically, and theory 

development (Morse, 2002). It is also important to note that the researchers carrying out qualitative research 

are an integral part of the process and final product. Therefore, as long as the researcher has been transparent 

and reflexive (i.e. critically self-reflective about their own preconceptions, relationship dynamics, and analytic 

focus) about the processes by which data have been collected, analysed, and presented, the potential bias can 

be minimised (Polit & Beck 2014; Galdas, 2017).  

A procedural perspective recommended for research proposals is to identify and discuss one or more validity 

and reliability strategies available to check the accuracy and establish the truth of the findings. This research 

took many initiatives throughout the study to establish the reliability and validity of the research outcomes. 

Table 1-4 shows the measures taken in this research to ensure validity and reliability.















 

28 
 

2 Chapter 2:  A review of zero carbon buildings from in ternational 

perspectives 

This chapter is based on the following manuscript. It is intended that the manuscript will be published, but it 

has not yet been submitted to a Journal/Conference. 

Bui, T. T. P., Wilkinson, S., MacGregor, C., & Domingo, N. (2024). A review of zero carbon buildings from 

international perspectives. 

Abstract 

There is a strong consensus that carbon emissions attributed to buildings are a major contributor to global 

warming. In addressing anthropogenic climate change, many buildings worldwide have been designed and 

constructed towards zero carbon. Chapter 2 aims to examine the current practices of zero carbon buildings 

(ZCBs) worldwide. The research questions are (1) What is the concept of ZCBs? (2) What are strategies for 

reducing carbon emissions in buildings? and (3) What is a key aspect for maximising carbon reduction in 

buildings? A semi-systematic literature review was conducted to gain insights into the current practices of zero 

carbon buildings from international perspectives. The findings reveal that there is terminological confusion in 

the literature as the definitions of ZCBs vary in different countries. It is suggested that the design and 

construction of buildings towards zero carbon should aim to achieve the highest level of whole-of-life carbon 

reduction and align with the carbon budget, which is the carbon benchmark based on the climate target in 

different nations. Strategies for reducing carbon emissions in buildings are (1) implementing passive design, 

energy efficiency, and renewable energy technologies, (2) reducing the use of new materials throughout the 

entire life cycle of buildings, (3) using alternatives with lower environmental impacts, and (4) improving 

construction and operation processes. The results also highlight the importance of refurbishing existing 

building, which is acknowledged as one of the key aspects for maximising carbon reduction. The study 

contributes to existing knowledge by providing a better understanding of ZCB practices in the international 

context. 































 

43 
 

 

Figure 2-6: Building refurbishment boundaries (Vilches et al., 2017) 

 Why refurbish? The importance of building refurbishment in reducing carbon emissions 

The refurbishment of existing buildings is an important component in climate change mitigation and plays a 

key role towards a net-zero carbon future. It is argued that refurbishing existing buildings offers a greater 

opportunity to reduce carbon emissions than constructing new buildings. This appears to be especially true in 
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align with the carbon budget, which is the carbon benchmark based on the climate target in different nations. 

To reduce whole-of-life carbon emissions in buildings, the following strategies identified in the literature 

should be considered (1) implementing passive design, energy efficiency, and renewable energy technologies, 

(2) reducing the use of new materials throughout the entire life cycle of buildings, (3) using alternatives with 

lower environmental impacts, and improving construction operation processes. One of the most important 

strategies is retaining existing buildings to maximise embodied carbon reduction. Refurbishing existing 

buildings offers the greatest opportunity for life cycle carbon mitigation than constructing new buildings. Thus, 

approaches for reducing carbon emissions in building refurbishment would be a fruitful area for further work.



https://doi.org/10.1088/1755-1315/1101/2/022017
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as energy efficiency (Feq. =80, TLS=518), zero energy buildings (Feq. =79, TLS=418), energy utilisation 

(Feq. =61, TLS=407), energy conservation (Feq. =35, TLS=226), housing (Feq. =31, TLS=192), intelligent 

buildings (Feq. =19, TLS=146), costs (Feq. =16, TLS=136), investments (Feq. =17, TLS=135), cost-benefit 

analysis (Feq. =16, TLS=135), office buildings (Feq. =19, TLS=135). Residential and office building types 

have been given close and thoughtful attention. Further investigation in the average citations demonstrated that 

the following keywords including genetic algorithms (Avg. =34), building performance (Avg. =25), energy 

planning (Avg. =25), multi-objective optimisation (Avg. =23.5), energy management (Avg. =22.6) provoked 

much consideration. Figure 3-1 illustrates the mainstream of research keywords and their co-relationship. 

 

Figure 3-1: Mapping of co-occurred keywords (Source: Authors) 

 Country-specific analysis  

Keyword analysis specified several countries contributing to ZCR research, comprising developed and 

developing economies like the UK and India. The study further determined countries active in the global ZCR 

research. The minimum of number documents and citations for a country was set at 2 and 20, respectively. 

Finally, a shortlist of 22 countries and 62 links were generated. Figure 3-2 illustrates the map of countries 

contributing to ZCR research.  
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Figure 3-2: Mapping of countries contributing to ZCR research (Source: Authors) 

According to the node sizes and connection lines, the following countries have contributed significantly to the 

global research: Italy, Spain, the US, the UK, Belgium, Portugal, Canada. Other countries such as France and 

Norway offered fewer publications but strongly expressed their significant influence through the high average 

citation. Scholars from Europe took the lead in ZCR research, ranking the top in terms of the number of 

publications and total citations, followed by North America. This result might be explained that European 

nations have started implementing a long-term renovation strategy set out in the Energy Performance of 

Buildings Directive (2010/31/EU) over a decade. Research on ZCR has also been attentive in other parts of 

the world, e.g., Oceania (Australia) and Asia (India, Japan and UAE). Table 3-1 present the findings of the 

top-ten countries influencing ZCR research in the last five years.
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Table 3-1: Summaries of country-specific leadership in ZCR research (Source: Authors) 

Countries Numbers of 

publications 

Number 

of 

citations 

Average 

Norm. 

Citation 

Countries Number of 

publications 

Number 

of 

citations 

Average 

Norm. 

Citation 

Italy 46 868 1.13 Belgium 8 216 1.98 

Spain 22 296 1.06 Greece 7 162 0.97 

United 

States 

16 159 0.70 Canada 7 136 1.01 

United 

Kingdom 

14 144 0.66 Denmark 7 64 0.94 

Portugal 8 226 1.81 Netherlands 6 52 0.49 

 Document co-citation analysis 

 

Figure 3-3: Mapping of co-citation analysis (Source: Authors) 

A document co-citation analysis could divulge the underlying intellectual structure of a knowledge domain 

(Luo et al., 2019). Therefore, the most influential journal publications in the last five years were assessed with 
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Another significant issue for upcoming research is relevant to the methodology for carbon quantification. Most 

LCA studies emphasise embodied carbon emissions of construction materials and rarely assess the carbon 

impacts of mechanical, electrical, and plumbing (MEP). The refurbishment often improves energy efficiency 

by upgrading building services, accounting for a considerable amount of embodied carbon emissions. To date, 

Rodriguez et al. (2020) established a preliminary range of material quantities and embodied carbon impacts 

for MEP and tenant improvement (TI) components, focusing on commercial office buildings in the Pacific 

Northwest. Further work is required to establish the availability of embodied carbon quantities worldwide.  

 

Figure 3-4: A mind map of ZCR research themes (Source: Authors) 

There is a large and growing body of literature regarding refurbishment strategies in advanced technologies, 

design evaluation and optimisation for ZCR. Examples include multi-disciplinary analysis of light shelves 

application (Ruggiero et al., 2021), the evolution of double-skin and responsive façade (Ascione et al., 2021), 

PV optimisation (Gremmelspacher et al., 2021). This finding shows that investigations on refurbishment 

technologies and strategies have been widely studied. Turning to performance assessment, many attempts have 

been made to evaluate the energy performance before and after refurbishment and the impacts of occupant 

behaviours (Guerra-Santin et al., 2017; Teni et al., 2019). The current research trend evolves towards assessing 
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4 Chapter 4: Towards zero carbon building refurbishment: A new 

conceptual framework for decision support tools 

This chapter is based on the following conference paper, which has been published in final form. The paper 

was accomplished Best Paper Award for Conference Theme. 

Bui, T. T. P., Wilkinson, S., Domingo, N., & Macgregor, C. (2021). Towards Zero Carbon Building 

Refurbishment: A New Conceptual Framework for Decision Support Tools. In: L. Scott & C. J. Neilson (Eds.), 

Proceedings of the 37th Annual ARCOM Conference, 6-7 September 2021, UK (pp. 594-603), Association of 

Researchers in Construction Management. 

Abstract 

As revealed in Chapter 3, there is a growing research interest in decision-making in reducing carbon emissions 

in building refurbishment. Reducing carbon emissions in building refurbishment can be achieved if effective 

decisions are made throughout the refurbishment process. To gain a deeper understanding in this research area, 

this chapter set out to examine the current decision support tools for building refurbishment and their 

applications to zero carbon refurbishment of existing buildings in the early design stages. A critical review 

was conducted with the final selection of 15 state-of-the-art decision-making tools for building refurbishment, 

which might be suitable for merging or modification into zero carbon refurbishment decision support tools. 

Based on existing evidence, a conceptual framework is proposed for future development of zero carbon 

refurbishment decision support tools. The study provides perspectives on the lessons-learnt for the future 

development of zero carbon refurbishment decision support tools such as the application of the carbon budget 

and Value-Focused Thinking in the goal-setting stage, the inclusion of refurbishment strategies, the 

involvement of project stakeholders and end-users throughout the refurbishment process and the potential 

integration of incentive schemes to take up zero carbon approaches. The insights gained from this chapter 

better support the building and construction industry to develop and deliver zero carbon refurbishment projects. 
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REDIS 

Gade et al. 

(2018) 

School 

buildings 

Danish 

municipality 

Support the building owners in choosing which 

buildings to renovate within a building portfolio, or 

which renovation actions to initiate across multiple 

buildings 

Li et al. (2018) Multi -story 

residential 

buildings 

Relevant 

stakeholders 

Select low-carbon refurbishment solutions for multi-

story residential buildings in high-density subtropical 

cities 

Guardigli et al. 

(2018) 

Public housing 

stocks 

Investors Assess different renovation strategies, evaluate the 

economic sustainability of various design alternatives  

He et al. (2019) Multi -

buildings 

Investors Optimise energy efficiency retrofit investment in 

numerous buildings under financing budgetary 

restraint 

NovaDM 

Kamari et al. 

(2019) 

Large-scale 

residential 

buildings and 

social housing 

Designers  A constraint-based renovation design support 

Klimakit model 

Penna et al. 

(2019) 

Social 

housings 

Multi -

decision 

makers 

A tool for promoting the energy refurbishment of 

social housing  

Napoli et al. 

(2020) 

Public 

buildings 

Multi -

decision 

makers 

Support the decision process of regional or local 

authorities in the context of a large number of energy 

retrofitting actions of public buildings 

PARADIS 

Kamari et al. 

(2021) 

Residential 

buildings 

Designers Support informed decision making for optimal 

renovation scenario design 

Serrano-

Jiménez et al. 

(2021) 

Residential 

buildings 

Housing 

managers 

Select feasible and sustainable housing renovation 

strategies 

PrioritEE 

toolbox 

Salvia et al. 

(2021) 

Public 

buildings 

Local 

decision-

makers 

A web-application Decision Support Tool for 

comparing and ranking a portfolio of energy 

interventions 

Aside from those designed in the US, Canada and China, many decision support tools were developed in 

Europe. European policies have advocated the refurbishment of the existing building stock towards the 

sustainable development, as demonstrated in the Directive (EU) 2018/844 (European Comissions, 2011). 
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Table 4-2: Summary of methodology used in developing up-to-date decision-making tools (Source: Authors) 

Tools Methodology 

BECEREN  

Olsson et al. (2016) 

Case studies. LCC and LCA approaches 

Seddiki et al. (2016) Delphi, Swing and PROMETHEE methods, and Graphical Analysis for 

Interactive Aid (GAIA) 

Jafari &  Valentin (2017) Building energy simulation: eQuest. LCC formulation 

Kamari et al. (2017) Literature review, individual and focus group interviews, and application 

of Soft Systems Methodologies (SSM) with Value Focused Thinking 

(VFT) 

SWAHO 

Li & Froese (2017) 

A design science method 

REDIS  

Gade et al. (2018) 

A design science method 

Li et al. (2018) Identify sustainable refurbishment solutions, assess emission reductions. 

develop system process, validate with industry experts 

Guardigli et al. (2018) Evaluate the economic sustainability of various design alternatives with 

the net present value (NPV) and the global cost (GC) 

He et al. (2019) Use a multi-objective optimization model. Validate the model with 27 

buildings of non-governmental organisations 

NovaDM  

Kamari et al. (2019) 

The IDEF5 methodology for knowledge engineering and ontology 

development 

Klimakit model  

Penna et al. (2019) 

Literature review, workshops, economic analysis based on Net Present 

Value (NPV) 

Napoli et al. (2020) Collect database of the building stock, develop of the multi-criteria model, 

apply ELECTRE TRI-nC method, sort the energy retrofitting actions into 

categories 

PARADIS  

Kamari et al. (2021) 

Building Information Modelling (BIM) based decision support system 

Serrano-Jiménez et al. (2021) Apply an iterative design process based on data and experiences from two 

case studies  

PrioritEE toolbox  

Salvia et al. (2021) 

Literature review, using national database, develop a web-based 

application, test in five local pilots 

The review has demonstrated new decision support tools, which had additional parameters such as impacts 

and benefits of the refurbishment suggestions, and/or apply for a specific situation in different nations. This 
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might be because these tools were designed for definite purposes and practical cases. Some tools were not 

available for use online or with local languages and databases. Thus, even though there were many tools 

developed in the past with the same functionalities, researchers have intended to create new tools based on 

existing theoretical foundations, making them more suitable in different contexts. The literature has showed 

that there is a lack of tools to support decision-making processes in the early stages for building refurbishment 

specifically towards zero carbon target.  

4.4 Discussion 

The development of decision support tools for zero carbon refurbishment was critically examined. Overall, the 

development of the conceptual framework for zero carbon refurbishment is based on the theoretical framework 

of the refurbishment process in the early stages, including five main parts: (a) Goal setting; (b) Building 

condition assessment; (c) Refurbishment strategies; (d) Generation of refurbishment alternatives; (e) 

Performance estimation and evaluation. For zero carbon refurbishment projects, there is a need to examine the 

carbon measurement and performance, employ the refurbishment strategies towards zero carbon, engage with 

construction stakeholders and end-users, and consider the incentive schemes in a way that enable maximum 

the carbon reduction. A new conceptual framework for the future development of zero carbon refurbishment 

tools is recommended based upon the analysis (see Figure 4-1). 
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carbon approaches. Tools are created to not only support decision-makers but also encourage them to lead the 

uptake of zero carbon refurbishment projects. Overall, this research provides implications for the future 

development of zero carbon refurbishment decision support tools, better assisting the building and construction 

industry to develop and deliver zero carbon refurbishment projects. However, being limited to empirical data, 

the research lacks practical implications for specific building situations. Further experimental investigations 

are needed to evaluate the proposed conceptual framework in real-life case studies. 
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8 Chapter 8: Decision making in reducing carbon emissions for 

building refurbishment: Case studies of university buildings in New 

Zealand 

This chapter is based on the following Journal article, which has been published in final form. 

Bui, T. T. P., Wilkinson, S., MacGregor, C., & Domingo, N. (2023). Decision making in reducing carbon 

emissions for building refurbishment: Case studies of university buildings in New Zealand. Building and 

Environment, 242, 110557. https://doi.org/https://doi.org/10.1016/j.buildenv.2023.110557  

Abstract 

The findings outlined in previous chapters have indicated a need for detailed investigation into the decision-

making process of building refurbishment considering whole-of-life carbon reduction. This chapter examines 

decision-making in reducing carbon emissions in the early stages of the refurbishment process by investigating 

three real-life case studies that incorporate carbon-reduction decisions. The important findings emerged from 

an interactive analysis between theoretical propositions and cross-case synthesis. The chapter sheds a new 

insight into (1) the effective adoption of building rating systems, (2) the required whole-of-life carbon 

reduction targets, (3) the importance of establishing a dedicated financial budget for carbon-reduction 

refurbishment solutions, (4) the need for adaptable refurbishment designs and long-term strategies, (5) holistic 

design reports, (6) the promotion of early contractor involvement (ECI) approach, (7) government funding and 

incentives, and (8) the availability of supply chains and data. The chapter contributes to existing knowledge 

by providing a new understanding of the decision-making practices and challenges faced in the refurbishment 

process, in which lessons learnt for improving the implementation of building refurbishment towards zero 

carbon are recommended. The research expands theoretical knowledge and practical experience in whole-of-

life carbon analysis and performance estimation for building refurbishment. The insights gained from this 

chapter offer practitioners and researchers a streamlined interdisciplinary guide to better deliver refurbishment 

projects towards zero carbon.  

https://doi.org/https:/doi.org/10.1016/j.buildenv.2023.110557
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This chapter aims to address the knowledge gap by examining the practical decision making in reducing carbon 

emissions for building refurbishment in New Zealand. It focuses on the major refurbishment, which, among 

other things, involves a significant improvement in energy and carbon performance (Jensen, Maslesa, & Brinkø 

Berg, 2018). The scope of work focuses on the early stages of the refurbishment process, including the pre-

design and design phases. Drawing on the literature, the critical components of the refurbishment decision-

making process were identified.  This process was then explored in practice using a case study approach. After 

that, unexpected outcomes, tensions, and lessons learnt towards the implementation of building refurbishment 

towards zero carbon were discussed based on the critical analysis of theoretical and empirical findings. 

8.2 Literature review  

It is often difficult to distinguish the refurbishment process clearly from that of new builds. The refurbishment 

process is assumed to be similar to the new building process, including pre-design, design, construction, and 

operation phases (Nielsen et al., 2016). However, Jensen, Maslesa, Berg, et al. (2018) identified seven different 

characteristics between a refurbishment and a new build. The main difference is that a preliminary 

investigation of the existing building is the basis for developing design solutions, whereas a new building has 

the building site as a foundation. Existing building design, condition, performance, and users are key 

considerations. Pre-evaluation and post-evaluation of refurbished buildings are necessary to measure the 

improvement of building conditions, energy performance, carbon and cost savings, and user satisfaction.  

The early-stage refurbishment decision-making process traditionally incorporates the following main phases 

(1) building condition assessment, (2) goal setting, (3) generation of refurbishment alternatives, (4) 

performance estimation and evaluation (Ma et al., 2012; Ferreira et al., 2013; Nielsen et al., 2016). Recent 

evidence suggests that outlining refurbishment strategies is a critical step that should be considered before 

generating refurbishment solutions (Jensen, Maslesa, & Brinkø Berg, 2018; Bui et al., 2021b; Serrano-Jiménez 

et al., 2021). Thus, the early-stage decision-making process of building refurbishment proposed in this study 

is shown in Figure 8-1. 
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methods, tools, and systems are applied to support building stakeholders making carbon-related decisions for 

building refurbishment in practice (Bui, Domingo, et al., 2022). This is an important area for further work.  

After estimating performance, refurbishment alternatives can be evaluated quantitatively and qualitatively 

based on the project goals and objectives set earlier. Evaluation should be done continuously and iteratively 

throughout the design process, for example, evaluation of simulation results and calculations as well as cost 

and time implications at the end of each design stage (Ferreira et al., 2013; Nielsen et al., 2016). Then, the 

optimal refurbishment alternatives are selected before proceeding to the following stages of the project (e.g. 

detailed project design, construction, operation). 

8.3 Research method 

 Research approach 

The aim of this chapter is to investigate the pragmatic early-stage refurbishment process to identify what 

carbon-reduction decisions were made and how building stakeholders delivered building refurbishment 

towards zero carbon in New Zealand. This investigation adopted an exploratory case study approach, which 

was found appropriate for gaining first-hand experience with current refurbishment approaches and 

understanding the practical context of the decision-making process. The case study strategy is a reliable means 

of capturing rich information in complex situations such as construction projects. It generates insights into the 

phenomenon being studied and allows the investigator to retain the holistic and meaningful characteristics of 

real-life events (Ogawa & Malen, 1991; Barrett & Sutrisna, 2009; Yin, 2014).  Figure 8-2 shows an overview 

of the research process. 
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The present results are significant in offering new perspectives on the way of implementing building 

refurbishment towards zero carbon. Holistic design reports that show the decision on carbon reduction 

solutions aligned with project values should be presented to overcome the financial restrictions. The Early 

Contractor Involvement (ECI) approach allows the project team to understand the requirements of 

implementing innovative low-carbon designs and technologies and gain insight into embodied carbon 

emissions of construction materials and products early. Government funding and incentives are essential, 

enabling the maximum carbon reduction for refurbishment projects. The grant assists the building stakeholders 

to achieve the required operational carbon performance targets by implementing cost-effective refurbishment 

measures and reducing the financial payback period. There is still abundant room for further progress in 

improving the supply chain and data availability that affect the selection of low-carbon products and the carbon 

calculated and quantified results. 

The study reports on the decision-making process of three major building refurbishments where the decision 

to refurbish existing buildings has apparently been taken by the time the more detailed work is done. This can 

be explained by the fact that the decision to refurbish versus demolish and build a new building was preferred 

due to several factors such as building vacancy, refurbishment prospects, time and cost savings and carbon 

reduction benefits. Demolishing and rebuilding could be time-consuming and expensive due to building 

locations and the limited timeframe of occupant relocations. Repurposing the usable existing building 

components, on the other hand, might reduce the length of construction by years, saving significant 

construction costs and minimising construction materials and construction waste. However, in practice it may 

be dependent on the specific project and such decisions would be considered at very different stages. 

Sometimes, the decision is made without an in-depth analysis due to strongly held pre-assumptions about 

project outcomes or preferences. In other cases, the decision is determined by thorough consideration of the 

evidence for and against. It is suggested that an opportunity for further work assessing the decision to refurbish 

or demolish should be undertaken and the impact of the decision should be critically evaluated. Decisions 

made without in-depth analysis may not necessarily be the most appropriate ones in terms of sustainability 

(Baker et al., 2017). 
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This work contributes to existing knowledge of the decision-making process of building refurbishment towards 

zero carbon by investigating three refurbishment projects in practice that adopt similar and different 

approaches to reducing carbon emissions. The novelty of this research is providing the practical knowledge of 

the decision-making process with existing challenges in making decarbonisation decisions and adopting 

decision support mechanisms, and suggestions for improvement that expand the theoretical knowledge and 

bridge the gap between theory and practice. The findings will be of interest to practitioners and researchers 

who wish to expand their knowledge and experience in life cycle carbon analysis and performance estimation 

for refurbishment projects. The decision-making process revealed in this study can be a benchmark for 

comparable projects and studies. In exploring the current decision-making practices, the findings of this study 

have several important lessons to better deliver building refurbishment towards zero carbon for future practice. 

The generalisability of these results is subject to certain limitations. The most important limitation lies in the 

fact that the paper is reliant on interviews and the views of participants provide the foundation of the 

conclusions. Such interviews can be misleading in terms of how decisions were actually made, with an element 

of post hoc justification. Notwithstanding, reflection and lessons learnt are still valuable for continuous 

improvement in decision-making for future refurbishment projects. It is unfortunate that the study has not been 

able to include the decision to refurbish or demolish existing buildings in detail. This is an important issue for 

future research. The research also focuses mainly on major refurbishments for university buildings in New 

Zealand, in particular projects which received funding from the government. Future research should include 

other types of buildings and levels of refurbishment (e.g. a partial refurbishment) in different locations and 

context. In addition, the study is limited by the lack of information on external validity. Further work needs to 

be done to validate the research results in the broader building and construction sectors. 
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9 Chapter 9: Collaboration and integration towards zero carbon 

refurbishment: A New Zealand case study 

This chapter is based on the following Journal article, which has been published in final form. 

Bui, T. T. P., MacGregor, C., Domingo, N., & Wilkinson, S. (2023). Collaboration and integration towards 

zero carbon refurbishment: A New Zealand case study. Energy for Sustainable Development, 74, 361-371. 

https://doi.org/https://doi.org/10.1016/j.esd.2023.04.005  

Abstract 

Due to the increasing complexity of reducing carbon emissions for existing buildings, there is a need for a 

more collaborative and integrative approach in the refurbishment decision-making process. Extensive research 

has shown the importance, benefits, and challenges of collaboration and integration in implementing 

sustainable buildings. However, limited research report on collaboration and integration in refurbishment 

projects that focus on reducing life cycle carbon emissions. In line with Chapter 8, this chapter explores the 

collaboration and integration in the decision-making process towards zero carbon refurbishment through the 

investigation of three real-life case studies in New Zealand. The findings resulted from an interactive cross-

case analysis using replication logic within and among cases. Empirically, the chapter emphasises the 

importance of (1) organisational commitment and compatibility of team members, (2) the timely involvement 

of key stakeholders, (3) the highest level of integration in the design process, and (4) a centralised and 

integrated information system. The chapter also divulges the current practices and challenges faced in the 

integration process, where lessons learnt are identified for future refurbishment projects. A collaboration and 

integration framework towards successfully delivering refurbishment projects towards zero carbon is 

proposed. The research implications may assist the real-world uptake of the zero carbon refurbishment 

approach by promoting effective collaboration and integration. 

9.1 Introduction  

Reducing global warming to no more than 1.5 degrees and achieving net-zero GHG emissions is crucial to 

avoiding catastrophic climate change impacts (IPCC, 2014). The design and construction of buildings have 

https://doi.org/https:/doi.org/10.1016/j.esd.2023.04.005
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However, the question is not whether to collaborate or not, but how to collaborate to maximise carbon reduction 

in the decision-making process of building refurbishment projects. This chapter explores collaboration and 

integration in the early-stage decision-making process towards ZCR. More importantly, it examines how to 

collaborate and integrate to achieve building performance, project outcomes and long-term relationships 

between supply chain actors beyond the refurbishment project level.   

9.3 Research method 

This chapter investigates the practical refurbishment decision making process to identify how building 

stakeholders collaborate and integrate to maximise life cycle carbon reduction. This investigation adopted an 

exploratory case study approach, which was found appropriate for gaining pragmatic evidence on collaboration 

and integration in the practical context of the decision-making process. The case study strategy has a reliable 

means of capturing rich information, generating insights into the phenomenon being studied and allowing the 

investigator to retain the holistic and meaningful characteristics of real-life events (Barrett & Sutrisna, 2009; 

Yin, 2014). In collaboration and integration research, a deep case study research design is more suitable for 

exploring such dynamic interactions and relationships between different supply chain actors within the project 

and beyond into contextual and environmental attributes than other approaches such as quantitative research 

design (Kesidou & Sovacool, 2019).  

The selection of multiple case studies needs to follow the replication logic to address the issue of external 

validation (Creswell, 1994; Yin, 2014). This research applied literal replication, which entails choosing cases 

with similar settings and expected to achieve similar results (Yin, 2014). Three refurbished university buildings 

were selected for the study, which showcased examples of low carbon designs and technologies. The criteria 

for choosing these refurbished projects were: (1) targeting a high level of sustainability/zero carbon 

certification or equivalent goals; (2) integrating sustainable/low carbon practices or products; (3) providing 

sufficient access to data, reports, and stakeholders; (4) being a similar building typology/use; (4) being 

launched by different organisations within the past five years.  

Using various sources of evidence enhances credibility and the richness of data due to the data triangulation 

opportunities in the case study design (Swanborn, 2010; Yin, 2014). Accordingly, multiple evidence sources 

were used to improve the overall quality of the research. The primary data sources were interviews with 
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Figure 9-4: A collaboration and integration framework towards successful delivery of ZCR projects (Source: Authors) 
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The timely involvement of the project team plays a pivotal role in reducing carbon emissions in building 

refurbishment. First, the early and active participation of team members, including clients, engineers, 

architects, cost advisors is critical for making carbon-reduced design decisions and achieving effective 

planning and delivery of the project (Winch, 2000; Chan et al., 2004; Kesidou & Sorrell, 2018). However, in 

comparison to previous observations, the empirical results from this research reveal that sustainability 

consultants and carbon specialists are also key actors who should be engaged from the early stage of the 

decision-making process. Their carbon knowledge and expertise can contribute significantly to identify 

potential carbon-saving solutions, consider the adoption of environmental certification schemes, undertake 

energy modelling, LCA analysis and verify carbon assessment results (e.g. cases 2 and 3). This has not been 

adequately recognised in the literature. Therefore, early consultant involvement is acknowledged as a key 

collaboration attribute to drive carbon-reduction initiatives in the refurbishment process. Second, the findings 

from all cases studied corroborates the findings of previous studies (e.g. Mollaoglu-Korkmaz et al. (2013)), 

emphasising that bringing in the contractors earlier in the process (e.g. detailed design) could benefit the 

consultant team in terms of constructability, waste management, and value engineering. However, we 

underline the contribution of early contractor involvement (e.g. case 1) in maximising embodied carbon 

reduction for refurbished buildings by providing input to resolve the issue of recycling and reusing existing 

construction materials and products. Third, one unexpected finding from cases 1 and 3 is that the important 

role of subcontractors and suppliers in reducing carbon emissions should not be neglected, particularly when 

low carbon design features are considered building innovation. The participation of these actors allows the 

consultant team to understand the requirements of implementing innovative designs (e.g. high-performance 

windows and facades) and technologies (e.g. HVAC, BMS, PV systems) and gain insight into the performance 

level and embodied carbon emissions of construction materials and products. Finally, the research suggests 

that the user group should be involved to identify the problems of the existing building at the starting point 

and provide input for the consultant team in generating appropriate refurbishment strategies. Taken together, 

three attributes demonstrating the timely involvement of the project team are (1) early consultant involvement 

to drive carbon-reduction initiatives, (2) early contractor involvement to improve carbon-reduction and (3) 

user involvement to bridge the performance gap.  
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framework with industry professionals and practitioners to strengthen its significant implications in integrating 

and collaborating in implementing refurbishment projects.  

This chapter offers valuable insights into the current practices and challenges faced in collaboration and 

integration for building refurbishment. The findings are of interest to building stakeholders who wish to 

enhance their knowledge and experience to achieve zero-carbon objectives for refurbishment projects.
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10 Chapter 10: Developing and validating a novel early-stage decision 

support framework towards zero carbon refurbishment of existing 

buildings in New Zealand 

This chapter is based on the following manuscript. It is intended that the manuscript will be published, but it 

has not yet been submitted to a Journal. 

Bui, T. T. P., MacGregor, C., Wilkinson, S. & Domingo, N. (2024). A novel early-stage decision support 

framework towards zero carbon refurbishment of existing buildings in New Zealand. 

10.1 Abstract 

Zero carbon refurbishment of existing buildings is vital to maximise carbon emissions reduction and alleviate 

the impacts of climate change. To better support decarbonisation decision-making in building refurbishment, 

there is a need for a new comprehensive decision support framework. Drawing on the findings from previous 

chapters, this chapter brings together the development and validation processes of a novel early-stage decision 

support framework towards zero carbon refurbishment of existing buildings in New Zealand (RefurbZC). The 

development of the framework was based on the critical analysis and interpretation of the literature review, 

preliminary study, and case study of university buildings in New Zealand, which integrate international best 

practices adopted to the local context and lessons learnt from real-life case studies. The framework was 

validated and refined using a focus group workshop with New Zealand building experts involved in the 

refurbishment process. The RefurbZC aims to provide a detailed guideline to use in the early stages of the 

refurbishment process, focusing on maximising whole-of-life carbon reduction. It helps to understand the 

refurbishment decision-making process, identify areas for integrating carbon-reduction initiatives, determine 

key factors and actors in driving carbon-reduction solutions, and promote stakeholder collaboration and 

integration in carbon-reduction building refurbishment. The presented framework contributes extensively to 

theoretical and practical knowledge of zero carbon refurbishment of existing buildings and offers a basis and 

foundation for future work in this research area. 
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selection of refurbishment measures. Although the study offers an insight into the decision-making process, 

there is a lack of practical demonstration of this matter within the case study. Kolokotsa et al. (2009) later 

proposed a framework for building design and operational improvement by analysing various decision support 

methods for energy management and sustainability. However, this framework fails to address the strategic 

planning as well as method and tool selection, which provide the necessary information and resource support 

for refurbishment activities. The significance of this strategy is later illustrated in the study of Ma et al. (2012). 

The authors developed a systematic approach for sustainable building refurbishment by reviewing current 

research and development in the field. This approach has offered construction researchers and practitioners an 

adequate understanding of effectively implementing building refurbishment and promoting energy 

conversation and sustainability. In the same vein, Bhuiyan et al. (2015) generated a decision tree for social 

housing refurbishment from the literature to overcome the weakness of poor business cases. Nonetheless, these 

approaches focus on improving energy and operational carbon performance in the refurbishment process while 

the impacts of life cycle carbon emissions have been disregarded. Bui et al. (2021b) later addressed this issue, 

offering a new understanding of decision support tools for ZCR and suggesting a new theoretical decision 

support methodology based on a critical review. Yet, there has been little evidence on the practical 

implementation of this methodology in the construction industry, especially in adopting and integrating 

essential decision-support resources and tools throughout the refurbishment process. More importantly, there 

has been little discussion about how building stakeholders collaborate and integrate available practices, 

methods, approaches, and tools in the decision-making process towards successfully delivering building 

refurbishment projects towards zero carbon.  

To address this knowledge gap, the empirical studies of Bui, Domingo, Wilkinson, et al. (2022); Bui, 

MacGregor et al. (2023); Bui, Wilkinson et al. (2023) were established to present an in-depth investigation 

into the decision-making process of three real-life building refurbishment case studies considering whole-of-

life carbon reduction to assist in developing the decision support framework for better-delivering building 

refurbishment towards zero carbon in New Zealand. In the same vein, this chapter describes the development 

and validation processes of a novel early-stage decision support framework towards zero carbon refurbishment 

of existing buildings in New Zealand (RefurbZC).  
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This chapter starts with this introduction, which provides the research background and purpose. The following 

section presents the research design including the approaches to framework development and validation. The 

remaining parts of the paper report on the results and analysis of RefurbZC development, validation process 

and finalisation, followed by the framework application and implication critically discussed. 

10.3 Research method 

 Framework development 

The first objective of the chapter is to develop a novel early-stage decision support framework towards zero 

carbon refurbishment of existing buildings in New Zealand (RefurbZC). In reviewing the literature, it was 

acknowledged that primary data from interviews, case studies, focus groups, etc. or secondary data from 

existing literature could be used to develop a framework. For example, Le et al. (2018) generated a sustainable 

refurbishment framework for school buildings through a literature review. While Sweya et al. (2020) 

established a conceptual framework to measure resilience against floods for water supply systems using an 

expert-based approach. However, various methods using both primary and secondary data could be adopted to 

promote the reliability of the developed framework. For instance, Kesidou & Sorrell (2018) created an 

innovation implementation framework for supply chain integration in delivering low-carbon buildings, using 

a critical interdisciplinary literature review and case study approach. In a more integrated way, the literature 

review, focus group, expert interview, and case study approaches were adopted in Meng (2010) research to 

develop an assessment framework for construction supply chain relationships.  

In this research, both primary and secondary data were applied to develop the novel early-stage decision 

support framework towards zero carbon refurbishment of existing buildings in New Zealand (RefurbZC). First, 

comprehensive literature reviews reported in the studies (Bui et al., 2021b, Bui, Domingo et al., 2022) 

identified a structure and critical components for the refurbishment decision-making process in the 

international context. Second, the findings from a preliminary study using semi-structured interviews with 

building experts regarding zero carbon refurbishment of existing buildings in New Zealand as well as an in-

depth investigation into the decision-making process of three real-life building refurbishment case studies 

considering whole-of-life carbon reduction provided practical implications, zero-carbon relevant aspects and 
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The following stage purposively recruited participants based on their professional background, pertinent 

knowledge and reputation in the New Zealand building and construction industry. The participant selection 

criteria included (1) those who have worked within the New Zealand building and construction industry for at 

least five years, (2) those who have knowledge and expertise in sustainable design, construction, project 

delivery or related skills, (3) those with experience of carbon-reduction initiatives for building refurbishment 

projects. A professional networking platform, LinkedIn, was used to identify potential participants responsible 

for sustainability issues and/or those who experienced and/or led sustainable/green building projects within 

government agencies and construction firms. Participants received an invitation via email and were then asked 

to carefully read the project information, sign the written participant consent form following standard ethics 

protocols and confirm their attendance at the workshop. A panel of 11 experts representing various building 

stakeholders involved in the building refurbishment projects, including building clients/developers, projects 

managers, engineers, architects, sustainability and carbon consultants, cost advisors, contractors, and facilities 

managers, agreed to take part in the focus group discussions. The experts have been working for government 

agencies and construction/property companies of various sizes in New Zealand, specialising in sustainable 

construction and carbon reduction in building projects.  

One week before the workshop, an information sheet was sent to all participants setting out pre-workshop and 

workshop agendas, research background, and an introduction to the developed framework. Participants were 

asked to read the information carefully, go through each step of the framework and think about the questions 

discussed during the workshop. In the implementation stage, the workshop was held virtually via Microsoft 

Teams on 22nd September 2022. The online workshop method was chosen because it greatly expands the pool 

of potential participants and adds considerable flexibility to the process of scheduling the time and date 

(Stewart & Shamdasani, 2017). Busy professionals and those located across the country, who might otherwise 

be unavailable for a face-to-face meeting, can often be reached through information technologies. In addition, 

there were also potential researcher benefits such as cost and time-savings due to the automatic and accurate 

capture of the discussion data (Tates et al., 2009; Stewart & Shamdasani, 2017). Not to mention COVID-19 

impacts and restrictions, the use of virtual groups created a healthy and safe environment where participants 
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Figure 10-2: The high-level of five-step decision support framework (Source: Authors)
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10.4.2.1 Step 1: Building condition assessment 

 

Figure 10-3: The low-level of decision support framework - Step 1 (Source: Authors) 

The decision-making process begins with a building client wanting to refurbish an existing building to 

maximise carbon reduction. As suggested by experts participating in the focus group, having a carbon-

reduction aspiration at the beginning of the process is important to enable the carbon-reduction focus 

throughout the process. Setting the carbon-reduction aspiration at first is also critical to draw an intention to 

carbon-targeted improvement areas for the existing building. Therefore, this important point has been added 

to the beginning of the process to clearly demonstrate the intention of the refurbishment. 
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also help improve the site surveying and inspection by capturing and mapping the existing building 

information. This can later be integrated with the BIM model to enhance the accuracy of tracking information, 

improve data management, and increase productivity. 

Table 10-3: Example of a systematic registration of the degradation state of the building components using a 

point system (Source: Authors) 

Building 

elements/problems 

Very poor 

(1) 

Poor 

(2) 

Average 

(3) 

Good  

(4) 

Excellent 

(5) 

HVAC system  X 

The system 

is beyond its 

life 

expectation 

   

Lighting system    X 

The system 

operates in a 

good 

condition 

 

Indoor air quality X 

Inadequate 

Ventilation 

    

Others      

Quantitative methods such as structural and material tests are recommended for assessing the existing building 

structure and materials, as reported in the case study (Bui, Wilkinson et al. 2023). This is because the existing 

building problems affect the achievement of project goals, especially carbon-reduction targets, which 

depended on different building typologies and aspects. For example, during the focus group discussion, 

participants #3, #5 and #8 indicated that it may not be able to achieve high embodied carbon reduction targets 

for earthquake-prone existing buildings due to the requirement of using a large amount of newly added 

construction materials and products to strengthen the building. In addition, participants #5 and #7 claimed that 

the most important assessment in Step 1 is the exiting structural and material tests, which identify whether the 

existing building structure and materials could be retained. This benefits the carbon setting in terms of 
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10.4.2.4 Step 4: Generation of refurbishment alternatives 

Step 4 (D) identifies different refurbishment options and alternatives. A refurbishment option means a design 

solution for addressing an existing building problem, such as upgrading the window and glazing system, 

installing a PV system, and adding wall insulation. A refurbishment alternative is a set of different 

refurbishment options, making the overall improvement of the refurbished building. The production of 

refurbishment options and alternatives usually involves the consultant team, including engineers, architects, 

and sustainability and carbon consultants. Cost advisors can take part to provide perspectives on cost-effective 

refurbishment options. Still, the client team is responsible for the approval. Optionally, the user group (e.g., 

facility managers, end-users) can be involved to provide input regarding their activities, behaviours, and ideal 

building features (Bui, MacGregor et al., 2023). 

 

Figure 10-8: The low-level of decision support framework - Step 4 (Source: Authors) 

To begin with, the consultant team generates an all-inclusive list of potential refurbishment options based on 

refurbishment strategies selected in step 3 (D1). The intention is to include all possible refurbishment options 
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10.4.2.5 Step 5: Performance estimation and evaluation 

 

Figure 10-9: The low-level of decision support framework - Step 5 (Source: Authors) 
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Step 5 (E) aims to estimate and evaluate the performance of refurbishment alternatives. At this stage, different 

refurbishment alternatives can be assessed quantitatively based on the criteria for the project. As in step 4, the 

consultant team (e.g. engineers, architects, sustainability and carbon consultants) and cost advisors are mainly 

responsible for undertaking activities in step 5, while the client team is responsible for the approval. However, 

the involvement of contractors, subcontractors and suppliers also provides perspectives on the most appropriate 

refurbishment alternatives (Bui, MacGregor et al., 2023).  

Step 5 starts with creating building design models using Building Information Modelling (BIM) (E1). The base 

case is the existing building, and the improved cases are based on the different alternatives of selected 

refurbishment options. BIM is recommended to support the whole-of-life carbon assessment using energy 

modelling and life cycle assessment in the following activities (Röck et al., 2018; Bui, Wilkinson et al., 2023; 

Bui, MacGregor et al., 2023). After that, the performance of refurbishment alternatives can be quantitatively 

estimated (E2). This estimation includes (E2-1) conducting a building energy assessment using energy 

simulation tools to evaluate building energy performance and operational carbon emissions, (E2-2) 

undertaking a comprehensive life cycle assessment to quantify whole-of-life carbon emissions of 

refurbishment alternatives using life cycle assessment tools, (E2-3) carrying out a comprehensive life-cycle 

cost analysis to calculate the life-cycle cost of refurbishment alternatives (Nielsen et al., 2016; Vilches et al., 

2017; Bui et al., 2021b; Bui, Domingo, et al., 2022; Bui, Wilkinson et al., 2023).  

As recommended by experts attending in the focus group, a risk assessment for refurbishment alternatives 

should be also included in step 5 (E2-4). Building refurbishment is subject to many factors, such as uncertainty 

in savings estimation, energy use measurements, weather forecasts, changes in energy consumption patterns, 

system performance degradations, etc. Furthermore, there are also uncertainties in undertaking LCA, such as 

insufficient carbon data of the product. These factors may lead to the investment in building refurbishment 

being highly uncertain. Risk assessment is, therefore, essential to provide decision-makers with sufficient 

confidence to select and determine the best refurbishment solutions (Ma et al., 2012). Architects, engineers, 

sustainability consultants and carbon consultants can work together to undertake energy modelling, LCA 

analysis and verifying carbon assessment results. Cost advisors are responsible for carrying out a cost-benefit 
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analysis that considers several indicators such as capital cost, annual savings, payback period, Net Present 

Value (NPV), and Internal Rate of Return (IRR) to prioritise cost-effective options (Bui, Wilkinson et al., 

2023). 

It is important to note that LCA tools can be used to assess the whole-of-life carbon emissions of buildings. 

However, it has several drawbacks, including the dependency on the quality and availability of data, affecting 

the accuracy of the assessment result. LCA tools may only consider the actual energy used during a certain 

period of production only. Considering the life span of a building, information related to energy load for the 

entire life span may not be available or not properly documented. This limitation can be solved using energy 

modelling to estimate the total energy gains and losses through building internal loads (Rasheed et al., 2019; 

Decano-Valentin et al., 2021). As such, energy modelling and LCA tools can be integrated to achieve the 

desired outcome.  

The decision point at the end of activity E2 is to review the selection of refurbishment alternatives based on 

quantitative performance estimation results. Alternatively, different refurbishment alternatives are explored, 

and the process is repeated until achieving the desired outcome. 

Next, activity E3 is to evaluate refurbishment alternatives by iteratively undertaking the following sub-

activities. First, the benefits of refurbishment alternatives are assessed based on the performance estimation 

and the key project criteria identified in step 2 (E3-1). Table 10-7 demonstrates an example of evaluating 

refurbishment alternatives regarding economic and carbon performance indicators. Second, the quantified 

carbon emissions of refurbishment alternatives are compared to the carbon reduction goal (E3-2). The outcome 

of E3 is selecting the best refurbishment alternative.  
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Table 10-7: Comparison of the economic and carbon performance (Source: Authors) 

Scenario Description Carbon  Cost 

  Annual 
energy use 
(kWh/m2/yr.) 

Annual 
operational 
carbon 
emissions 
(kg 
CO2eq/yr.) 

Annual 
operational 
carbon 
savings 
(kg 
CO2eq/yr.) 

Initial 
embodied 
carbon 
(kg 
CO2eq) 

Carbon 
payback 
period 
(year) 

Life 
cycle 
carbon 
emissions 
(kg 
CO2eq) 

Annual 
energy 
cost 
savings 
($) 

Investment 
cost ($) 

Operation 
and 
maintenance 
cost ($) 

Investment 
payback 
period 
(year) 

Base 
case 

Existing building           

1 Upgraded 
window and 
glazing 

          

2 Upgraded 
window and 
glazing, new 
mixed mode 
ventilation, new 
LED lighting 

          

3 Upgraded 
window and 
glazing, new 
mixed mode 
ventilation, new 
LED lighting, 
installed PV 
system 

          

Note:  
Investment payback period (year) = Initial investment cost / Annual energy cost savings 
Carbon payback period (year) = Initial embodied carbon / Annual operational carbon savings 
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either bringing existing buildings up to current building codes and standards or improving building 

performance in terms of energy efficiency. For this reason, most comprehensive decision support frameworks 

have paid attention to improving operational carbon performance (Ma et al., 2012; Ferreira et al., 2013; 

Bhuiyan et al., 2015), leaving embodied carbon performance as a significant unaddressed issue. However, 

building refurbishment is associated with substantial embodied carbon emissions, mainly due to the use of 

energy-intensive construction materials (Zabalza Bribián et al., 2011; Pomponi et al., 2015; Ghose et al., 2017). 

Measures to promote energy efficiency refurbishment may not reduce overall carbon impacts (Ghose et al., 

2017; Ghose et al., 2019; Ghose et al., 2020). Therefore, the RefurbZC, while evolving from previous 

comprehensive decision support frameworks, offers a standardised process guideline to address the carbon 

performance of building refurbishment in terms of both operational and embodied carbon emissions. 

Unlike prior comprehensive decision support frameworks developed in (Dalla Mora et al., 2018; Serrano-

Jiménez et al., 2021), the RefurbZC expands knowledge by providing an advanced step-by-step process for 

assessing decarbonisation decisions for building refurbishment. It has brought a new understanding of applying 

lean philosophy by integrating the collaboration and integration attributes to the lean-based sociotechnical 

systems model that originally includes people, processes, tools, and technology (Morgan & Liker, 2020) in 

order to support decision-making from a holistic point of view. Although the final decision is made by building 

clients, the RefurbZC ensures that various perspectives, sources of information and interests are represented. 

It is also recommended that decisions be made based on input provided by building stakeholders, including 

but not limited to project managers, engineers, architects, sustainability and carbon consultants, cost advisors, 

contractors, subcontractors, suppliers, facilities managers, and end-users. To provide holistic carbon-reduction 

solutions for building refurbishment, the RefurbZC promotes the collaboration between key stakeholders and 

their interconnection with available decision-support resources and tools. It illustrates the influence and 

interconnectedness between the key actors and factors. Having discussions among the project team on zero-

carbon aspiration and commitment, which criteria to include to select fit-for-purpose refurbishment solutions, 

along with in-depth discussions of their meaning, advantages and disadvantages regarding whole-of-life 

carbon emissions and how they are prioritised against other criteria (i.e. capital cost value) in the early stages 

of refurbishment projects, aligns with the concept of Value-Focus Thinking (Keeney, 1996), which emphasises 
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The research outcome offers a new understanding of whole-of-life carbon goal setting that has not been 

established in the industry practice. According to empirical findings, the carbon goal setting in the current New 

Zealand industry practices is inexplicit, leading to several barriers affecting the design decisions about carbon 

benchmarking, such as the trade-off between cost and carbon performance as well as identification and 

performance assessment of refurbishment solutions. In addition, the building rating systems have often been 

used to define carbon reduction goals for building refurbishment in New Zealand, even though these rating 

systems are limited to whole-of-life embodied carbon reduction targets and assessment. To address this 

shortcoming, the study provides a transparent and logical way to carefully establish carbon reduction targets, 

considering the current government initiatives on whole-of-life carbon reduction for buildings, building rating 

systems and science-based climate target and carbon budget. It is recommended that building rating systems 

and the climate target and carbon budget can be considered together to help achieve both sustainability and 

maximum carbon reduction goals. The study findings also suggest that the whole-of-life carbon budget, 

specific embodied carbon reduction targets and calculation methods should be established specifically for the 

refurbishment of existing buildings rather than using the similar references and approaches for new buildings. 

This is due to the scope of life cycle carbon assessment of refurbished buildings differing from that of new 

buildings. Furthermore, the sustainability workshop and carbon brief proposed in this research are 

acknowledged as important mechanisms to regulate carbon reduction goals in building refurbishment. 

A new conception of setting financial budget for carbon reduction initiatives is also demonstrated in this 

research. It is indicated that financial issues including cost-driven industry, the perception of high initial 

investment in low-carbon construction products and technologies, and lack of financial incentives are amongst 

the most significant challenges to delivering buildings towards zero carbon in New Zealand. In addition to the 

carbon budget, a financial budget set in the early stage, may be needed for carbon-reduction solutions to avoid 

unexpected additional costs (i.e. carbon specialist consultation, energy modelling and life cycle assessment 

fees) and enable the strategic consideration of lower carbon options tailor to meet the budget. However, the 

financial budget for carbon-reduction solutions could also be seen as business-as-usual rather than additional 

costs for specific carbon-reduction strategies, which may present the motivation to target carbon-reduction 

initiatives for building refurbishment from the beginning of the refurbishment process. Whereas the actual 
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2. Could you tell me about your company and what do you do at your company? 

3. For how many years have you worked within the New Zealand construction industry?  

4. What types of building projects do you usually take part in? What is your typical project role? 

The current practices of designing and constructing buildings towards zero carbon 

1. What is your thought about zero carbon target for the building sector (e.g. net zero carbon by 2050).  

2. What do you think about zero carbon build and what does that mean to your building projects?  

3. What do you know about zero carbon build and how it is changing the building process?  

4. How does zero carbon build have impacts on you and your company?  

5. Does your company have any plan to address zero carbon target in their projects? 

6. What do you think about the challenges and incentives regarding zero carbon build?  

7. What are the difficulties that you and your company are facing regarding zero carbon build? 

8. Which support do you need to plan and implement zero carbon build? 

The current practices of refurbishing existing buildings towards zero carbon 

1. My project is about building refurbishment; do you have any comments to make about refurbishing 

existing buildings to reduce carbon emissions? 

2. Do you have any examples of the refurbishment of existing buildings in New Zealand? What are the 

current practices of reducing carbon emissions? 

3. I am looking at how to make good decisions during the process of refurbishing existing buildings. 

What do you think it is a good process to use? 

4. What decisions might you make about refurbishing to reduce carbon emissions?  

5. What problems may come up against? 

6. Which support do you need to make an informed decision to reduce carbon emission? 

7. Is there any tools or procedures have been used to support decision making? 

Further thoughts and follow-up questions (if applicable) 

1. Is there anything else you would like to add about any of the topics discussed? 

Thank you very much for participating in this study.
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1. Can you tell me briefly about the project, the refurbishment process and how have you been involved 

in that process? 

2. If possible, can you send me relevant project documentation (e.g. sustainable strategy reports, 

sustainability plans, site investigation reports, building performance reports, energy efficiency 

reviews, sustainable design briefs, building condition assessment reports, drawings, design 

specifications, study reports)? 

The decision-making process and carbon-reduction decisions 

Stakeholders Main Questions 

Clients 1. What are priorities for the refurbished building? What are the specific goals? 

2. Are there any carbon-reduction goals for the refurbished building? 

3. In terms of carbon-reduction/sustainability, what are the key drivers and 

considerations in getting the refurbished building commissioned and 

delivered? 

4. What are decision making criteria/factors affecting the decision making in 

early stages of choosing refurbishment design opportunities? 

5. What are the resources/tools/practices that support you to make carbon-

reduction/sustainability decision?  

6. From your experience, what kind of advice/required people that need? 

7. Are there any answers or information you have difficulty with to get when 

you have to make carbon-reduction/sustainability decisions? 

8. What are the challenges you found in the process concerning 

sustainability/carbon reduction? 

9. What support do you need to be able to make better decision in relation to 

carbon reduction/sustainability? 

10. Is integrated design process applied in this project? How this approach 

supports the decision making in terms of carbon reduction/sustainability? 

(optional) 
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11. What do you think about ECI in the refurbishment process? Would it help to 

improve the process and reduce carbon emissions further? 

12. What should be improved in the refurbishment process in terms of carbon 

reduction specifically/sustainability in general?  

13. What are the lessons-learnt that you get from this project? 

Engineers & 

Architects 
1. How were the building conditions assessed before choosing potential 

refurbishment design options, and at what level? 

2. Was energy auditing implemented to identify areas with energy savings 

potential and provide the information needed in building performance 

assessment? 

3. Can you tell me briefly about the process of carbon analysis (operational 

carbon and whole-of-life carbon) for refurbished building (e.g. What are 

tools/resources/practices? How did carbon specialists/consultants support 

the consultant team in the process?) 

4. Were different refurbishment design packages/options/scenarios/levels 

considered for refurbished building? Which specific design elements were 

included in each of them? 

5. How were carbon emissions (operational carbon and whole-of-life carbon) 

measured for refurbished building? 

6. What were the embodied/whole-of-life carbon emissions calculated for 

refurbished building? (optional) 

7. What are the challenges you find in the process concerning cost and 

sustainability/carbon reduction? 

8. What are uncertainty factors in relation to sustainability/carbon reduction 

should be considered in the process and when selecting refurbishment 

options? 

9. Was there any risk assessment in the refurbishment process? 
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10. Are there any answers or information you have difficulty getting in relation 

to cost and sustainability/carbon reduction? 

11. What should be improved in the refurbishment process in terms of carbon 

reduction specifically/sustainability in general?  

12. What are the lessons-learnt in terms of carbon reduction/sustainability that 

you get from this project? 

Contractors 1. What is your thought about carbon emissions in the refurbishment process? 

2. What are the challenges you find in the process concerning 

sustainability/carbon reduction? 

3. What do you think about ECI in the refurbishment process? Would it help to 

improve the costing process? 

4. Are there any answers or information you have difficulty getting in relation 

to sustainability/carbon reduction? 

5. What should be improved in the refurbishment process in terms of carbon 

reduction specifically/sustainability in general?  

6. What are the lessons-learnt in terms of carbon reduction/sustainability that 

you get from this project? 

 

Further thoughts and follow-up questions (if applicable) 

1. Specific questions applied for each case study. 

2. Is there anything else you would like to add about any of the topics discussed? 

3. Follow-up questions via emails/phones. 

Thank you very much for participating in this study.
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 Appendix 3.2. Workshop Activities 

13.3.2.1 Appendix 3.2.1. Activity 1: Group discussion 1 
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13.3.2.2 Appendix 3.2.2. Activity 2: Group discussion 2 
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13.3.2.3 Appendix 3.2.3. Activity 3: Survey 

A FOLLOW -UP SURVEY ON THE VALIDATION OF CARBON -REDUCTION 

DECISION SUPPORT FRAMEWORK FOR BUILDING REFURBISHMENT IN NEW 

ZEALAND  

Dear participants, 

Thanks for attending the workshop and contributing the research project. 

I would greatly appreciate if you would complete this follow-up survey. Your feedback will be highly valued. 

The questionnaire survey will take about 5 minutes of your time to complete. The information collected will 

be kept confidential and will only be used for research purposes.  

This research project has been evaluated by peer review and judged to be low risk - Ethics Notification 

Number: 4000023526. The researcher named in this questionnaire is responsible for the ethical conduct of this 

research. 

If you require clarification and any further information, please do not hesitate to contact:  

Thao Bui (Alice) 

Email: T.Bui@massey.ac.nz 

Thank you for your valuable time! 

By clicking the button below, you acknowledge:  

Your participation in the study is voluntary. You are 18 years of age. You are aware that you may choose to 

terminate your participation at any time for any reason.    

o I consent, begin the study.  

o I do not consent; I do not wish to participate.  
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Q1: Based upon your examination of the developed framework and guidance document, to what extent do you agree or disagree with the following statements? 

Please choose ONLY  one option. 

   Strongly 
disagree Disagree Neither agree 

nor disagree Agree Strongly 
agree Not sure 

The structure of the proposed framework is clear.  o  o  o  o  o  o  
The contents presented in the framework are clear.  o  o  o  o  o  o  
It is easy to follow the processes and sub-processes of the framework.  o  o  o  o  o  o  
The relationship and links between steps are clear.  o  o  o  o  o  o  
Additional guidance and lists of the information provided at each step are 
clear.  o  o  o  o  o  o  
The framework could possibly help you understand the refurbishment 
decision-making process and requirements for reducing carbon emissions 
in certain activities.  o  o  o  o  o  o  
The framework could possibly help you identify areas for addressing 
carbon-related issues in the early stages of the refurbishment process.  o  o  o  o  o  o  
The framework possibly provides relevant information that support your 
decision making in reducing carbon emissions of building refurbishment.  o  o  o  o  o  o  
The framework could possibly help promote stakeholder collaboration in 
identifying carbon-reduction solutions for building refurbishment.  o  o  o  o  o  o  
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Q2: Do you have any other comments on the developed framework that you would like to share with us? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

We thank you for your time spent taking this survey. 

Your response has been recorded.
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13.3.2.4 Appendix 3.2.4. Activity 4: Poll 
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Figure 1: High level of five-step decision support framework (Source: Authors) 






























































