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Abstract  

Due to global climate change, carbon reduction has become the critical issue for the construction 

industry. Low carbon building (LCB) has been adopted as a strategic objective, and its 

implementation demonstrates the enormous potential from reducing carbon emissions and energy 

consumption. However, few studies have been done to examine the knowledge structure of low 

carbon building research, which is necessary to guide scholars and practitioners. Therefore, this paper 

aims to provide a comprehensive analysis of research areas regarding low carbon building using the 

scientometrics method. A total of 378 low carbon building related publications were collected and 

reviewed. Based on a co-word analysis, co-citation analysis and cluster analysis, a knowledge 

structure of LCBs research was developed. The knowledge structure is useful for directing future 

research on low carbon building. The results are also helpful for various stakeholders to have a better 

understanding of low carbon building research and future directions. 
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1. Introduction 

Over the past two decades, sustainable development has been challenged by the issues of climate 

change (Seneviratne et al., 2016). Previous studies showed that one of the major contributors to 

climate change is the building and construction sector (Shi et al., 2015b). Buildings and construction 

together account for 36% of global final energy use and 39% of energy-related CO2 emissions in 2015 

(Dean et al., 2016). The amount of CO2 emissions that construction can influence is more significant 

in UK, accounting for almost 47% of total CO2 emissions of the UK (BIS, 2010). The building sector 

has been making efforts to reduce carbon emissions for many years. However, there is still a long way 

to go to meet international expectations (Zhang and Wang, 2013). Given the large amount of new 

construction every year, it is necessary to significantly increase the proportion of low-carbon 

buildings (LCBs) (Zhen, 2012). 

Comparing to conventional buildings, LCBs have many benefits (Hong et al., 2017). For example, 

they reveal a 25% decrease in emissions in terms of the reduction of life cycle CO2 per unit area. If 

diverse production technologies and supply chains are further developed for low-carbon construction 

materials, carbon emissions would considerably decrease (Cho and Chae, 2016). LCBs also have 

social and economic advantages (Kennedy and Basu, 2013). For instance, tenants of LCBs display 

high levels of satisfaction, well-being, and productivity (Thomas, 2010). Similarly, buildings 

achieving low carbon ratings attract a higher rental premium compared to those without such ratings 

(Dawood et al., 2013). By virtue of these advantages, LCBs have been promoted in many 

countries/regions, including South Korea (Cho and Chae, 2016), United Kingdom (Zapata-Poveda 

and Tweed, 2014) , China (Zhen, 2012), etc. 

Many studies concerning LCBs have been carried out. A scientific and comprehensive review of these 

studies could provide useful guidance for researchers and practitioners to understand the current state 

of play and to consider future directions. This study, therefore, uses a scientometrics method to 

conduct a comprehensive review of existing studies related to LCBs. It is a quantitative approach 

designed to reduce bias caused by manual review (He et al., 2017). This study aims to: 1) explore the 

knowledge hotspots (keywords co-occurrence network); 2) identify the significant knowledge topics 

(document co-citation network); 3) analyze the key knowledge domains (cluster analysis); and 4) 

confirm the knowledge structure of LCB research on the basis of knowledge hotspots, topics and 

domains. 

2. Literature review 

The concept of LCBs originated from the low carbon economy proposed by the British government in 

2003 (Zhang et al., 2017) and mainly aims to reduce carbon emission and energy consumption 

(Dawood et al., 2013). Some scholars believe that LCBs are products to minimize energy 

consumption and carbon emissions. Some researchers believe LCBs require building products to be 

constructed with low-carbon technology and materials (Jiang and Li, 2010). Furthermore, some 

studies consider LCBs need to adopt low carbon methods during the entire life cycle of the building 

(Frank et al., 2015). Therefore, three characteristics pf LCBs can be summarized as: (1) improving 

energy performance and reducing carbon emissions; (2) using low carbon materials, techniques and 

renewable energy; and (3) considering the whole building life cycle (Zhang et al., 2017). However, 

several studies point that the development of LCBs is constrained by many factors. And many 

following studies have made great contribution made in addressing this lack. 

Some scholars have confirmed some critical factors, including policy contents (Jiang and Tovey, 

2009), local government support (Zhang and Wang, 2013), market demand (Zuo et al., 2012a), 

certification systems (Roh and Tae, 2016), and technology level (Li, 2008). Simultaneously, in order 

to maximize carbon reduction and minimize energy consumption, many researchers explore 

calculation and estimation techniques (Zhang and Wang, 2015). Some scholars also conduct the 

energy efficiency and carbon emission calculation form the perspective of building-related industries 
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(Al-Ismaili et al., 2017), such as the manufacturing industry (Teh et al., 2017). Furthermore, carbon 

emissions and energy consumption during the whole life cycle have been examined, such as material 

production, on-site construction, transportation, operation, and final demolition and disposal (Hong et 

al., 2017). Reducing embodied energy and carbon in building materials production is often the first 

step in life cycle analysis (Gursel and Ostertag, 2016). Previous studies also suggest that technologies 

and design solutions are available that allow for cost-effective reduction of carbon emissions of 30-

80% (Van der Heijden, 2016).  

Given the overview of LCB research, many sub-areas of LCB knowledge have formed in recent years, 

ranging from coverage and definition, identification of influence factors and quantification of benefits, 

to measures that can achieve LCB outcomes. Collectively, they are the fundamental knowledge blocks 

of LCB research. However, most scholars tend to concentrate on one or two specific themes within a 

low carbon building sub-area (e.g. low carbon material and technology), which cannot systematically 

describe the wider research agenda (Zhang et al., 2017). Therefore, development of a systematical 

knowledge structure is necessary, suggesting a comprehensive review of existing LCB studies. The 

traditional review method has some limitations, produces manual bias, and is limited in terms of the 

number of articles that can be practically reviewed (Li et al., 2017). This study adopts a scientometrics 

method to review existing studies on LCBs and develop a robust knowledge structure to better support 

future research efforts. 

3. Methodology 

3.1 Research method 

This study uses the scientometrics method to do a holistic review of research related to LCBs. 

Scientometrics refers to knowledge domain visualization or mapping (He et al., 2017). It is defined as 

the quantitative study of science, communication in science, and science policy, which can be used to 

map the structure and evolution of numerous subjects based on a large-scale scholarly dataset (Hood 

and Wilson, 2001). Various software have been used for presenting the outcomes of the 

scientometrics method (Xiang et al., 2017). Compared with other options, CiteSpace has more 

powerful visualization and stronger dynamic function (Chen et al., 2015a). It can visualize and 

analyze literature of a scientific knowledge domain, and it is strong in mapping knowledge domains 

through systematically creating various accessible graphs. Three analytical methods of CiteSpace are 

applied in this study, including the keyword co-occurrence analysis, the document co-citation analysis 

and clustering analysis.  

3.2 Data collection 

This study analyzes all the articles in the SCI-EXPANDED (Science Citation Index Expanded) and 

SSCI (Social Sciences Citation Index), which consists of the important and influential journals. 

Although the concept of LCBs originated in 2003, the early related studies can also make contribution 

to the domain’s research, and hence the time span of selected papers was 1970-2017, the research 

topic used in literature searching can be selected as “low carbon” or “low-carbon” + “building or 

construction or housing". The searching results include 1,354 records. However, in this study, only 

journal articles were selected for analysis, while book chapters and proceeding papers were excluded. 

Additionally, those research papers obviously irrelevant to LCBs (e.g., archaeology, astronomy, 

cultural studies, etc.) were also excluded. Finally, a total of 378 bibliographic records were identified.  

4. Results 

4.1 Keyword co-occurrence analysis 
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Keywords are the essence and refinement of the research contents. Keyword analysis can help identify 

critical research key points in LCB-related studies. Therefore, based on the contributions and 

frequencies of keywords on LCBs (Chen et al., 2015b), the visual knowledge map of the keywords 

co-occurrence network is drawn by CiteSpace and shown in Figure1. It consists of 373 nodes and 763 

links. Each node represents a keyword and the node size represents the frequency with which a 

keyword occurred in the dataset. Meanwhile, the links between the keywords denote the occurrence 

established through the co-occurrence in the articles (Zhao, 2017). This network can represent the 

frontiers and central tendency in the field of LCB research.  

The results show that the most frequently used term is energy. The energy used in buildings’ life cycle 

account for 40% of global energy consumption (Van der Heijden, 2016). Therefore, improving energy 

efficiency (Wong et al., 2015), reducing energy consumption (Dawood et al., 2013) and implementing 

some other energy conservation-related strategies may be the most effective and available measures to 

reduce carbon emission in buildings (Azzouz et al., 2017). Performance is the second largest research 

hotspot (Shea et al., 2012). This topic mainly refers to the building system performance (Lehmann, 

2013) and environmental sustainability (Chen and Ng, 2016). Building performance includes energy 

system performance (Wang et al., 2016), building structural performance (Kim et al., 2017) and 

materials performance (Liu et al., 2017). Furthermore, in order to improve environmental 

sustainability, the success of construction projects also needs awareness of the environmental impacts 

caused by buildings, including indoor environmental quality, waste and pollution, ecology and 

performance of on-site management (Chen and Ng, 2016). Life cycle assessment (LCA) is the third 

largest research hotspot. LCA is an analytical methodology for a systematic evaluation and 

identification of the impacts through all stages of building life cycle (Toller et al., 2011). The cost and 

benefit are the important items in building life cycle assessment (Timmons et al., 2016), from the 

perspective of environmental performance, some scholars consider that life cycle thinking should be 

part of the assessment of energy consumption, carbon emissions and other impacts (Pomponi et al., 

2015). 

 

Figure 1: Keywords Co-Occurrence Network of LCB Research 

 

4.2 Document co-citation analysis 
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Figure. 2 shows the overview of the document co-citation network generated with 353 nodes and 619 

links, visualized and analyzed by CiteSpace. CiteSpace divides the timeline (1970–2017) into a series 

of time slices (each time slice equals one year). The top-cited publications (top 50 publications) 

during each time slice are selected for subsequent analysis. Every node represents a cited reference, 

and the links connecting the nodes represent co-citation relationships. Furthermore, larger node size 

suggests that the publication is cited more frequently and implies that the paper is an important one in 

LCB knowledge. 

Based on Figure 2, the problem of energy consumption in buildings is an important research area. The 

type of energy (e.g. electricity and fuel) will produce the carbon emission or greenhouse gas emission 

directly or indirectly. (Gram-Hanssen, 2010). The results show that the estimation and calculation of 

the carbon emission and energy consumption is a very important research item, and all phases of the 

life cycle have to be considered. (Gustavsson et al., 2010, Chau et al., 2015). In order to deal with the 

vast amount of carbon emission and energy consumption, construction industry has applied many 

practices and schemes of carbon emission (Osmani and O'Reilly, 2009, Zuo et al., 2012b). Other best 

practices also provide a source of reference. For example, Zuo and Zhao (2014) and Hakkinen and 

Belloni (2011) conducted studies on green building and sustainable building. These two building 

typologies include broad definitions of sustainability, incorporating economic and social factors (Zuo 

and Zhao, 2014). The research on green/sustainable building can be considered as an outstanding 

reference on research methods and contents. International certification and evaluation systems for 

green building are relatively mature, such as the Leadership in Energy and Environmental Design 

(LEED) (Lai et al., 2016). 

 

Figure 2: Document Co-Citation Network of LCB Research 

 

4.3 Clustering analysis 

The keyword co-occurrence network can provide further insights into LCB research. As a 

mathematical and statistical method, cluster analysis is used to identify the latent semantic themes 

within the textual data. It employs a set of algorithms to convert unstructured text into structured data 

objects to detect research patterns for the discovery of knowledge (He et al., 2017). Three statistical 

methods, including the log-likelihood ratio (LLR) test, term frequency-inverse document frequency 

(TF∗IDF) and mutual information (MI) tests, can be used for this process (Zhao, 2017). Figure 3 

shows the 15 labeled clusters with keywords and their relative importance via a TF∗IDF test (with the 

largest cluster numbered as #0 and the smallest cluster numbered as #14). The size of a cluster is 

decided by the total number of keywords that the cluster contains (the largest cluster has 36 

publications and the smallest has 9). 
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The most significant cluster is the industrial symbiosis. The studies are related to relative industry 

development, best practice experience, policy and regulation, which can provide important examples 

of LCB development from the perspective of practice. Industrial symbiosis emphasizes the need to 

enhance resource efficiency, reduce waste generation and GHG emissions via material, energy, and 

by-products exchange between different processes and industries (Sun et al., 2017). With urban 

industrial symbiosis design, some energy sources and wastes can act as the sources for the substitution 

of raw materials and fossil fuels in other companies or sectors. The second most significant cluster is 

related to the energy efficiency. Improving energy efficiency in existing buildings is often considered 

to be one of the most cost-effective measures for cutting down on carbon emissions and considerable 

energy saving potential has been demonstrated in different countries (Sunikka, 2006). The third most 

significant cluster refers to ventilation, which targets optimizing the LCB design. Reasonable building 

design not only can ensure a comfortable indoor environment in the most efficient way, but also 

improve building energy conservation performance (Mora-Perez et al., 2016). Favorable displacement 

ventilation can maintain indoor air quality (Liu et al., 2014), and it is also found that the natural 

ventilation design can improve the building energy performance by reducing cooling energy 

consumption (Mora-Perez et al., 2016). CO2 emission is doubtless a significant research area. Based 

on the estimation of carbon emissions over different building structures (e.g. residential building and 

office building), the quantitation results of carbon emission are discrepant (Wen et al., 2016). 

Meanwhile, over the whole life-cycle (e.g. embodied carbon emission, operations stage carbon 

emission, demolition and reclamation stage carbon emission), the carbon emission from different 

stages is also diverse (Chau et al., 2015). 

 

Figure 3: Clusters of LCB Research 

5. Discussions  

A systematic and comprehensive knowledge structure of LCBs is critical for both researchers and 

practitioners. There are many factors affecting the implementation of LCBs, including macro-level 

management, the development of low-carbon theories, low-carbon technologies, low-carbon facilities, 

the structure of building energy consumption, and LCB project practice (Shi et al., 2015a). Therefore, 

there is a need to give a holistic review of existing studies related to LCBs at a macro-level, which can 

provide guidance for future research. This study uses a systematic and quantitative scientometrics 

method for clearly visualizing and interpreting knowledge structure of LCB-related research. The 

findings of hidden connections can be integrated to form a knowledge structure of LCB research, as 

shown in Figure 4. Figure 4 shows that the low carbon building knowledge structure has five major 
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components, including policy and practice, assessment/evaluation, building design, building materials 

and technology innovation. Meanwhile, the sub-topics in each component were also identified.  

 

Figure 4: Knowledge Structure of LCB Research 

 

6. Conclusions 

With the increasing trend of CO2 emission, LCB is considered important for carbon reduction and 

energy saving. The significance of LCBs has been studied by many researchers. It is necessary to 

review the existing LCB research and knowledge structure. In this study, a comprehensive literature 

review of low carbon building was conducted using the scientometrics method. A total of 378 LCB-

related articles were identified in this study, and analyzed through keyword co-occurrence network 

analysis, document co-citation analysis, and cluster analysis. Finally, a knowledge structure of LCB 

research was presented. This study helps the various stakeholders to understand the current status of 

LCB research and development. The results can also be used to guide to inform future research and 

development.  

Acknowledgements 

This research was partially supported by a research grant from the Environment and Conservation 

Fund of Hong Kong Special Administrative Region, China (Project No. ECF 55/2015), a research 

grant from the Hong Kong Polytechnic University (PolyU 152737/16E), and the start-up fund for new 

staff of the School of Engineering, RMIT University, Australia. 

References 

AL-ISMAILI, A. M., AHMED, M., AL-BUSAIDI, A., AL-ADAWI, S., TANDLICH, R. & AL-

AMRI, M. 2017. Extended use of grey water for irrigating home gardens in an arid 

environment. Environmental Science and Pollution Research, 24, 13650-13658. 

AZZOUZ, A., BORCHERS, M., MOREIRA, J. & MAVROGIANNI, A. 2017. Life cycle assessment 

of energy conservation measures during early stage office building design: A case study in 

London, UK. Energy and Buildings, 139, 547-568. 

BIS 2010. Estimating the Amount of CO2 Emissions that the Construction Industry can Influence. 

Department for Business, Innovation & Skills London, UK. 

Assessment/evaluation

· Sub-topic 1 Building system design
· Sub-topic 2 Envelope design
· Sub-topic 3 Individual component design
· Sub-topic 4 Typical buildings design

· Sub-topic 1 Alternative material
· Sub-topic 2 New material
· Sub-topic 3 Recycling waste materials
· Sub-topic 4 Performance testing

· Sub-topic 1 Information technology
· Sub-topic 2 Construction technology
· Sub-topic 3 Retrofit technology
· Sub-topic 4 Energy efficiency technology

· Sub-topic 1 Life cycle assessment
· Sub-topic 2 Carbon emission
· Sub-topic 3 Energy consumption
· Sub-topic 4 Building performance
· Sub-topic 5 Calculation method

Technology innovation 

Building design

Building material

Policy and practice
· Sub-topic 1 Relative industry development
· Sub-topic 2 Best public practice project 
· Sub-topic 3 Policy/ code/ standard



 

 

 

CIB World Building Congress 2019                                                                                                                                                                                     

Hong Kong SAR, China                                                                                                                                                                                                              

17 – 21 June 2019 

CHAU, C. K., LEUNG, T. M. & NG, W. Y. 2015. A review on Life Cycle Assessment, Life Cycle 

Energy Assessment and Life Cycle Carbon Emissions Assessment on buildings. Applied 

Energy, 143, 395-413. 

CHEN, Y., CHEN, C., LIU, Z., HU, Z.-G. & WANG, X.-W. 2015a. The methodology function of 

CiteSpace mapping knowledge domains. Studies in Science of Science, 33, 242-253. 

CHEN, Y., CHEN, C., LIU, Z., HU, Z. & WANG, X. 2015b. The methodology function of CiteSpace 

mapping knowledge domains. Studies in Science of Science, 33, 242-253. 

CHEN, Y. & NG, S. T. 2016. Factoring in embodied GHG emissions when assessing the 

environmental performance of building. Sustainable Cities and Society, 27, 244-252. 

CHO, S. H. & CHAE, C. U. 2016. A Study on Life Cycle CO2 Emissions of Low-Carbon Building in 

South Korea. Sustainability, 8, 19. 

DAWOOD, S., CROSBIE, T., DAWOOD, N. & LORD, R. 2013. Designing low carbon buildings: A 

framework to reduce energy consumption and embed the use of renewables. Sustainable 

Cities and Society, 8, 63-71. 

DEAN, B., DULAC, J., PETRICHENKO, K. & GRAHAM, P. 2016. Towards zero-emission efficient 

and resilient buildings.: Global Status Report. 

FRANK, O. L., OMER, S. A., RIFFAT, S. B. & MEMPOUO, B. 2015. The indispensability of good 

operation & maintenance (O&M) manuals in the operation and maintenance of low carbon 

buildings. Sustainable Cities and Society, 14, 9. 

GRAM-HANSSEN, K. 2010. Residential heat comfort practices: understanding users. Building 

Research and Information, 38, 175-186. 

GURSEL, A. P. & OSTERTAG, C. P. 2016. Impact of Singapore's importers on life-cycle assessment 

of concrete. Journal of Cleaner Production, 118, 140-150. 

GUSTAVSSON, L., JOELSSON, A. & SATHRE, R. 2010. Life cycle primary energy use and carbon 

emission of an eight-storey wood-framed apartment building. Energy and Buildings, 42, 230-

242. 

HAKKINEN, T. & BELLONI, K. 2011. Barriers and drivers for sustainable building. Building 

Research and Information, 39, 239-255. 

HE, Q., WANG, G., LUO, L., SHI, Q., XIE, J. & MENG, X. 2017. Mapping the managerial areas of 

Building Information Modeling (BIM) using scientometric analysis. International Journal of 

Project Management, 35, 670-685. 

HONG, J. K., ZHANG, X. L., SHEN, Q. P., ZHANG, W. Q. & FENG, Y. 2017. A multi-regional 

based hybrid method for assessing life cycle energy use of buildings: A case study. Journal of 

Cleaner Production, 148, 760-772. 

HOOD, W. & WILSON, C. 2001. The literature of bibliometrics, scientometrics, and informetrics. 

Scientometrics, 52, 291-314. 

JIANG, H. & LI, J. 2010. Difficulties and Strategies of the Development of Low-carbon Building of 

China. China Population, Resources and Environment, 20, 72-75. 

JIANG, P. & TOVEY, N. K. 2009. Opportunities for low carbon sustainability in large commercial 

buildings in China. Energy Policy, 37, 4949-4958. 

KENNEDY, M. & BASU, B. 2013. Overcoming barriers to low carbon technology transfer and 

deployment: An exploration of the impact of projects in developing and emerging economies. 

Renewable and Sustainable Energy Reviews, 26, 685-693. 



 

 

 

CIB World Building Congress 2019                                                                                                                                                                                     

Hong Kong SAR, China                                                                                                                                                                                                              

17 – 21 June 2019 

KIM, R., TAE, S. & ROH, S. 2017. Development of low carbon durability design for green apartment 

buildings in South Korea. Renewable & Sustainable Energy Reviews, 77, 263-272. 

LAI, X. D., LIU, J. X. & GEORGIEV, G. 2016. Low carbon technology integration innovation 

assessment index review based on rough set theory - an evidence from construction industry 

in China. Journal of Cleaner Production, 126, 88-96. 

LEHMANN, S. 2013. Low carbon construction systems using prefabricated engineered solid wood 

panels for urban infill to significantly reduce greenhouse gas emissions. Sustainable Cities 

and Society, 6, 57-67. 

LI, J. 2008. Towards a low-carbon future in China's building sector - A review of energy and climate 

models forecast. Energy Policy, 36, 1736-1747. 

LI, X., WU, P., SHEN, G. Q., WANG, X. & TENG, Y. 2017. Mapping the knowledge domains of 

Building Information Modeling (BIM): A bibliometric approach. Automation in Construction, 

84, 195-206. 

LIU, X. P., BRADFORD, M. A. & ATAEI, A. 2017. Flexural performance of innovative sustainable 

composite steel-concrete beams. Engineering Structures, 130, 282-296. 

LIU, Z. B., ZHANG, L. & GONG, G. C. 2014. Experimental evaluation of a solar thermoelectric 

cooled ceiling combined with displacement ventilation system. Energy Conversion and 

Management, 87, 559-565. 

MORA-PEREZ, M., GUILLEN-GUILLAMON, I., LOPEZ-PATINO, G. & LOPEZ-JIMENEZ, P. A. 

2016. Natural Ventilation Building Design Approach in Mediterranean RegionsA Case Study 

at the Valencian Coastal Regional Scale (Spain). Sustainability, 8, 15. 

OSMANI, M. & O'REILLY, A. 2009. Feasibility of zero carbon homes in England by 2016: A house 

builder's perspective. Building and Environment, 44, 1917-1924. 

POMPONI, F., PIROOZFAR, P. A. E., SOUTHALL, R., ASHTON, P. & FARR, E. R. P. 2015. Life 

cycle energy and carbon assessment of double skin facades for office refurbishments. Energy 

and Buildings, 109, 143-156. 

ROH, S. & TAE, S. 2016. Building Simplified Life Cycle CO2 Emissions Assessment Tool (B-SCAT) 

to Support Low-Carbon Building Design in South Korea. Sustainability, 8, 22. 

SENEVIRATNE, S. I., DONAT, M. G., PITMAN, A. J., KNUTTI, R. & WILBY, R. L. 2016. 

Allowable CO 2 emissions based on regional and impact-related climate targets. Nature, 529, 

477. 

SHEA, A., LAWRENCE, M. & WALKER, P. 2012. Hygrothermal performance of an experimental 

hemp-lime building. Construction and Building Materials, 36, 270-275. 

SHI, Q., YU, T. & ZUO, J. 2015a. What leads to low-carbon buildings? A China study. Renewable 

and Sustainable Energy Reviews, 50, 726-734. 

SHI, Q., YU, T. & ZUO, J. 2015b. What leads to low-carbon buildings? A China study. Renewable & 

Sustainable Energy Reviews, 50, 726-734. 

SUN, L., LI, H., DONG, L., FANG, K., REN, J. Z., GENG, Y., FUJII, M., ZHANG, W., ZHANG, N. 

& LIU, Z. 2017. Eco-benefits assessment on urban industrial symbiosis based on material 

flows analysis and emergy evaluation approach: A case of Liuzhou city, China. Resources 

Conservation and Recycling, 119, 78-88. 

SUNIKKA, M. 2006. Energy efficiency and low-carbon technologies in urban renewal. Building 

Research and Information, 34, 521-533. 



 

 

 

CIB World Building Congress 2019                                                                                                                                                                                     

Hong Kong SAR, China                                                                                                                                                                                                              

17 – 21 June 2019 

TEH, S. H., WIEDMANN, T., CASTEL, A. & DE BURGH, J. 2017. Hybrid life cycle assessment of 

greenhouse gas emissions from cement, concrete and geopolymer concrete in Australia. 

Journal of Cleaner Production, 152, 312-320. 

THOMAS, L. E. 2010. Evaluating design strategies, performance and occupant satisfaction: a low 

carbon office refurbishment. Building Research and Information, 38, 610-624. 

TIMMONS, D., KONSTANTINIDIS, C., SHAPIRO, A. M. & WILSON, A. 2016. Decarbonizing 

residential building energy: A cost-effective approach. Energy Policy, 92, 382-392. 

TOLLER, S., WADESKOG, A., FINNVEDEN, G., MALMQVIST, T. & CARLSSON, A. 2011. 

Energy Use and Environmental Impacts of the Swedish Building and Real Estate 

Management Sector. Journal of Industrial Ecology, 15, 394-404. 

VAN DER HEIJDEN, J. 2016. The new governance for low-carbon buildings: mapping, exploring, 

interrogating. Building Research and Information, 44, 575-584. 

WANG, Y., KUCKELKORN, J. M., ZHAO, F. Y., MU, M. L. & LI, D. L. 2016. Evaluation on 

energy performance in a low-energy building using new energy conservation index based on 

monitoring measurement system with sensor network. Energy and Buildings, 123, 79-91. 

WEN, R. K., QI, S. J. & JRADE, A. 2016. Simulation and Assessment of Whole Life-Cycle Carbon 

Emission Flows from Different Residential Structures. Sustainability, 8, 15. 

WONG, P. S. P., LINDSAY, A., CRAMERI, L. & HOLDSWORTH, S. 2015. Can energy efficiency 

rating and carbon accounting foster greener building design decision? An empirical study. 

Building and Environment, 87, 255-264. 

XIANG, C., WANG, Y. & LIU, H. 2017. A scientometrics review on nonpoint source pollution 

research. Ecological Engineering, 99, 400-408. 

ZAPATA-POVEDA, G. & TWEED, C. 2014. Official and informal tools to embed performance in 

the design of low carbon buildings. An ethnographic study in England and Wales. Automation 

in Construction, 37, 38-47. 

ZHANG, L. Y., LI, Q. & ZHOU, J. L. 2017. Critical factors of low-carbon building development in 

China's urban area. Journal of Cleaner Production, 142, 3075-3082. 

ZHANG, X. C. & WANG, F. L. 2015. Life-cycle assessment and control measures for carbon 

emissions of typical buildings in China. Building and Environment, 86, 89-97. 

ZHANG, Y. & WANG, Y. 2013. Barriers' and policies' analysis of China's building energy efficiency. 

Energy Policy, 62, 768-773. 

ZHAO, X. 2017. A scientometric review of global BIM research: Analysis and visualization. 

Automation in Construction, 80, 37-47. 

ZHEN, X. 2012. Causes analysis to the slow development of China's low-carbon building 

construction. Urban Problems, 50-53. 

ZUO, J., READ, B., PULLEN, S. & SHI, Q. 2012a. Achieving carbon neutrality in commercial 

building developments–Perceptions of the construction industry. Habitat International, 36, 

278-286. 

ZUO, J., READ, B., PULLEN, S. & SHI, Q. 2012b. Achieving carbon neutrality in commercial 

building developments - Perceptions of the construction industry. Habitat International, 36, 

278-286. 

ZUO, J. & ZHAO, Z. Y. 2014. Green building research-current status and future agenda: A review. 

Renewable & Sustainable Energy Reviews, 30, 271-281. 


